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Motivation

Many detailed expert models encoded in software and described in text
.. however...

* Software requires manual curation to integrate

e Textual descriptions and software are not integrated

(MAX_RAIN) (CONSISTENCY) [ABSORBTION]

Goal: Construct and curate semantically-rich
representations of scientific models by integrating:
natural language descriptions and equations from
publications and documentation, with the software
that implements those models.

YIELD_EST



Text

Subroutine LAIS is called for both phases to compute the
change in leaf area index (dLAl). During vegetative period, LAl
increases as a function of the rate of leaf number increase. The
potential rate is limited by soil water stress (both deficit and
saturation), through SWFAC, and temperature, through PT. Its
value is given by: <eqni>

Where PD is the plant density (plants/m?), EMP1 is the max-
imum leaf area expansion per leaf, (0.104 m /leaf) and a is
given by: <eqn 2>

Where EMP2 and nb are coefficients in the expolinear equa-
tion and N is the development age of the plant (leaf number).

Equations
dLAI = SWFAC-PT-PD-EMPI1- 1uﬂ <egni1>
2 = eEMP2-(N-nb) <eqn2>

Software

* dLAI = daily increase in leaf area index
(m2/m2/d)

% PD = plant density m-2

% EMP1 = empirical coef. for expoilinear eq.
* EMP2 = empirical coef. for expoilinear eq.
*x nb =empirical coef. for expoilinear eq.

* dN = incremental leaf number

* N = leaf number

* PT = photosynthesis reduction factor for
temp.

a = exp(EMP2 x (N-nb))
dLAI = SWFAC * PD % EMP1 % PT % (a/(1+a)) x dN

nb: Empirical coefficient of
expolinear equation

PT: Photosynthetic reduction
factor for temperature

EMP2: Empirical coefficient
for expolinear equation

O

EMP1: Maximum leaf area
expansion per leaf

PD: Photosynthetic reduction
factor for temperature

N: Leaf number/development
age of the plant

SWFAC: Soil water stress factor
" ,\

LAl: Leaf area index

ALAD cEMP-2(N-nb)
“an~ = SWFAC:PT . PD - EMP - o

Semantically-Enriched
Grounded Function Network (GrFN)
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Subroutine LAIS is called for both phases to compute the
change in leaf area index (dLAl). During vegetative period, LAl
increases as a function of the rate of leaf number increase. The
potential rate is limited by soil water stress (both deficit and
saturation), through SWFAC, and temperature, through PT. Its
value is given by: <eqni>

Where PD is the plant density (plants/m?), EMP1 is the max-
imum leaf area expansion per leaf, (0.104 m /leaf) and a is
given by: <eqn 2>

Where EMP2 and nb are coefficients in the expolinear equa-
W and N is the development age of the plant (leaf number)/
Equations

dLAI = SWFAC-PT-PD-EMPI1- luq <egni1>
EMP2-(N—nb)

a=e <eqgn 2>

Software

* dLAI = daily increase in leaf area index
(m2/m2/d)

% PD = plant density m-2

% EMP1 = empirical coef. for expoilinear eq.
* EMP2 = empirical coef. for expoilinear eq.
*x nb =empirical coef. for expoilinear eq.

* dN = incremental leaf number

* N = leaf number

* PT = photosynthesis reduction factor for
temp.

a = exp(EMP2 x (N-nb))
dLAI = SWFAC * PD % EMP1 % PT % (a/(1+a)) x dN

nb: Empirical coefficient of
expolinear equation

PT: Photosynthetic reduction O EMP2: Empirical coefficient

factor for temperature

PD: Photosynthetic reduction
factor for temperature

SWFAC: Soil water stress factor

for expolinear equation

EMP1: Maximum leaf area
expansion per leaf

N: Leaf number/development
age of the plant

O

dLAD  _ SWFAC-PT-PD-EMP-1

dN

(O} O

LAl: Leaf area index
(EMP-2(N-nb)
+eEMP2(N-nb)

Semantically-Enriched
Grounded Function Network (GrFN)



Text

Subroutine LAIS is called for both phases to compute the
change in leaf area index (dLAl). During vegetative period, LAl

increases as a function of the rate of leaf number increase. The nb: Empirical coefficient of

potential rate is limited by soil water stress (both deficit and expolinear equation

saturation), through SWFAC, and temperature, through PT. Its

value is given by: <egn1> PT: Photosynthetic reduction EMP2: Empirical coefficient
factor for temperature < ) for expolinear equation

Where PD is the plant density (plants/m?), EMP1 is the max-
imum leaf area expansion per leaf, (0.104 m /leaf) and a is
given by: <eqn 2>

EMP1: Maximum leaf area
expansion per leaf

) ] ) PD: Photosynthetic reduction
Where EMP2 and nb are coefficients in the expolinear equa- factor for temperature

tion and N is the development age of the plant (leaf number).

Equations

dLAI = SWFAC-PT-PD-EMPI1- 1uﬂ <egni1>
EMP2-(N—nb)

N: Leaf number/development

a=e <eqn 2> SWFAC: Soil water stress factor age of the plant
Software O S O
* dLAI = daily increase in leaf area index LAl: Leaf area index

(m2/m2/d) A(LAD (EMP-2(N-nb)

* PD = plant density m—2 an = SWFAC-PT . PD-EMP - —pyman,
% EMP1 = empirical coef. for expoilinear eq.

* EMP2 = empirical coef. for expoilinear eq.

*x nb =empirical coef. for expoilinear eq.

* dN = incremental leaf number

* N = leaf number icall iched
* PT = photosynthesis reduction factor for Semantica y-EI‘Il‘IC €

temp- Grounded Function Network (GrFN)
a = exp(EMP2 x (N-nb))
dLAT = SWFAC % PD % EMP1 % PT s (a/(1+a)) s dN



Text

Subroutine LAIS is called for both phases to compute the
change in leaf area index (dLAl). During vegetative period, LAl

increases as a function of the rate of leaf number increase. The nb: Empirical coefficient of

potential rate is limited by soil water stress (both deficit and expolinear equation

saturation), through SWFAC, and temperature, through PT. Its

value is given by: <egn1> PT: Photosynthetic reduction EMP2: Empirical coefficient
factor for temperature < ) for expolinear equation

Where PD is the plant density (plants/m?), EMP1 is the max-
imum leaf area expansion per leaf, (0.104 m /leaf) and a is
given by: <eqn 2>

EMP1: Maximum leaf area
expansion per leaf

) ] ) PD: Photosynthetic reduction
Where EMP2 and nb are coefficients in the expolinear equa- factor for temperature

tion and N is the development age of the plant (leaf number).

Equations

dLAI = SWFAC-PT-PD-EMPI1- luq <egni1>

N: Leaf number/development
EMP2.(N-nb)

a=e <eqn 2> SWFAC: Soil water stress factor age of the plant
ﬂftware \ O IU\ O

* dLAI = daily increase in leaf area index LAl: Leaf area index

(m2/m2/d) A(LAD (EMP-2(N-nb)

* PD = plant density m—2 an = SWFAC-PT . PD-EMP - —pyman,
% EMP1 = empirical coef. for expoilinear eq.

* EMP2 = empirical coef. for expoilinear eq.
*x nb =empirical coef. for expoilinear eq.

* dN = incremental leaf number

* N = leaf number icall iched
* PT = photosynthesis reduction factor for Semantica y—Enrlc €

temp- Grounded Function Network (GrFN)
a = exp(EMP2 x (N-nb))
dLAI = SWFAC % PD % EMP1 % PT s (a/(1+a)) s dN




Text

Subroutine LAIS is called for both phases to compute the
change in leaf area index (dLAIl). During vegetative period, LAl

increases as a function of the rate of leaf number increase. The nb: Empirical coefficient of

potential rate is limited by soil water stress (both deficit and expolinear equation

saturation), through SWFAC, and temperature, through PT. Its

value is given by: <egn1> PT: Photosynthetic reduction EMP2: Empirical coefficient
factor for temperature < ) for expolinear equation

Where PD is the plant density (plants/m?2), EMP1 is the max-
imum leaf area expansion per leaf, (0.104 m /leaf) and a is
given by: <eqn 2>

EMP1: Maximum leaf area
expansion per leaf

) ] ) PD: Photosynthetic reduction
Where EMP2 and nb are coefficients in the expolinear equa- factor for temperature

tion and N is the development age of the plant (leaf number).

Equations

dLAI = SWFAC-PT-PD-EMPI1- laq <egni1>

N: Leaf number/development
EMP2.(N-nb)

a=e <eqn 2> SWFAC: Soil water stress factor age of the plant
Software O S O
* dLAI = daily increase in leaf area index LAl: Leaf area index

(m2/m2/d) A(LAD (EMP-2(N-nb)

* PD = plant density m-2 an = SWFAC-PT . PD-EMP - —usonon
% EMP1 = empirical coef. for expoilinear eq.

* EMP2 = empirical coef. for expoilinear eq.
*x nb =empirical coef. for expoilinear eq.

* dN = incremental leaf number

* N = leaf number icall iched
* PT = photosynthesis reduction factor for Semantica y—Enrlc €

temp. Grounded Function Network (GrFN)

a = exp(EMP2 x (N-nb))
dLAI = SWFAC * PD % EMP1 % PT % (a/(1+a)) x dN
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From source...
crop_yield.f

1

2 UPDATE_EST - Updates the estimated yield of magic beans given

3 * some additional amount of rainfall

4

5 *

6 * VARIABLES

7 *

8 * INPUT RAIN = Additional rainfall fljr](:ti()r]
9 *

10 * INOUT YIELD_EST = Crop yield to update (program, subroutlne)
11 *

12

SUBROUTINE UPDATE EST(RAIN TOTAL_RAIN, YIELD_EST)

14 e =

15

16

17 * Yield increases up to a point

18 IF rﬂIAL.BAIN..Ja..AﬂA.IHEN

19 YIELD_EST = -(TOTAL_RAIN - 40) ** 2 / 16 + 18l .
20 conditional
21 * Then sharply declines

22 EL

23 TYIELD_EST = -TOTAL_RAIN + 140]

24 ENDIF

25

26 END SUBROUTINE UPDATE_EST

27

69

* CROP_YIELD - Estimate the yield of magic beans given a simple
* model for rainfall
*
* VARIABLES
*
* INPUT MAX_RAIN = The maximum rain for the month
* INPUT CONSISTENCY = The consistency of the rainfall
* (higher = more consistent)
* INPUT ABSORBTION = Estimates the % of rainfall absorbed into the
* soil (i.e. % lost due to evaporation, runoff)
*
* OUTPUT YIELD_EST = The estimated yield of magic beans
*
* DAY = The current day of the month
* RAIN = The rainfall estimate for the current day
*
PROGRAM CROP_YIELD
IMPLICIT NONE
INTEGER DAY
DOUBLE PRECISION RAIN, YIELD_EST, TOTAL_RAIN var declarations
DOUBLE PRECISION MAX_RAIN, CONSISTENCY, ABSORBTION
MAX_RAIN = 4.0
CONSISTENCY = 64.0
ABSORBTION = 6.6 var assignments
YIELD_EST = 0
TOTAL_RAIN = ©
DO 20 DAY=1,31
o s i L£o77 £ PN P
RAIN = (-(DAY - 16) #*x 2 / CONSISTENCY + MAX RAIN) * ABSORBTION'
e loop
CALL UPDATE_EST(RAIN, TOTAL_RAIN, YIELD_EST)
INT™%, " Day ", DAY, Estimate: , YLELD_ES
20 ENDDO
PRINT *, "Crop Yield(%): ", YIELD_EST

10
END PROGRAM CROP_YIELD



__assign__

__assign__

__assign__

__assign__

(“‘l ‘I‘\ ‘I‘\ ‘I‘\ |

CROP_YIELD A

( CROP_YIELD__loop_plate__DAY_0 )

M@%ﬁﬁ? ( UPDATE_EST N

YIELD_EST
i DAY=0
CONSISTENCY @
@DAY=-1
ABSORBTION

@DAY=-1 @DAY=0

@DAY=-1

.

(MAX_RAIN] [CONSISTENCY} (ABSORBTION) [DAY]

derive:
GrFN: Crounded Function Network
Executable DBN (TomaLsan

with associated comments (o o)

RAIN

11
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Text Reading Pipeline

—— o ——

/ Rule-based extraction of scientific \

discourse:
e  Variableranges
> Units
Confidence

Causal influence

=== —— e —

N

Equation Identifier:
Location of equation
bounding box

. - -

Equation Context Identifier:
locate text describing the

equation

Equation Reading

Program Analysis

Variables and their
comment descriptions

Grounding (linking variables
from different sources by
their descriptions)

a

Rule-based extraction of
equation and variable
descriptions

- —

13
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Equation Reading

As briefly stated earlier, this is equivalent to varying the Reynolds Number, Re,
which describes the ratio of inertial to viscous forces, which quantitatively is given by

pV L

(4.2) Re

Note that p and p are the fluid’s density and dynamics viscosity, while L and V are
characteristic length and velocity scales for the system. We will not go into more
depth regarding Reynolds Number; more information regarding Re “scaling” studies
can be found in [12, 18, 10, 7, 6]. Let’s see how these idealized swimmer’s perform in
different viscosities!

15



Equation Reading Pipeline

Text Reading
A eSS RS N
( I
I Equation andvariable 1
: descriptions :
N o e e e e o /
Equation Identification: . Equation grounding: Conversion to Lambda
. . Equation to o : . .
Location of equation linking variables to expressions preserving
. LaTeX o o .
bounding box descriptions description alignment
Re = \frac{\rho V L}{\mu} def Re(rho, V, L, mu):

return (rho * V % L) / mu

16
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GrFN: Grounded Function Network

( CROP_YIELD A
( CROP_YIELD__loop_plate__DAY_0 N
- MAX_RAIN
YIELD_EST
i @DAY=0
- CONSISTENCY
__assign__ @AY=-1
— — @DAY=-1
/ 8 -
@ , @DAY=-1
\ L \ /
e Y B \
i\ 2 \ J
7 i
/ Variable Metadata
Lambdas

def assign_RAIN(MAX_RAIN, CONSISITENCY, ABSORPTON, DAY)
return (-(DAY - 16) #* 2 / CONSISTENCY + MAX_RAIN)
* ABSORBTION

Comments
Types, ranges, default values

18
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Extraction Grounding Comparison Augmentation
Source Text m Intermediate
R Text Readlng Representation
#
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Model Analysis: Structural Comparison

ch,mjn Q
ch, max ©
ASCE SKC O
DM dr ETC
O 0
M J )
z/” R,
Wg o i
Y
@ o
Gsc O

Priestley-Taylor

T
Tmax d T .
min
ET. Q LAI
Eeq Xins
R

Figure 2: Comparison of two methods of cal-
culating potential evapotranspiration imple-
mented in the DSSAT crop model - Priestley-
Taylor (above) and ASCE (left). The former
is simpler and is set as the default method.
The blue nodes are the inputs shared by
both models, and the green nodes corre-
spond to the common output ET . [25-27].
20



Model Analysis: Sobol Sensitivity Analysis

Low S2 index (0.0000) visualization High S2 index (0.2235) visualization
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—0.02
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—0.06

—0.08 .
0 0.10

20
15
10

TMAX 30 0
* TMIN

e Sensitivity index computation is done using Sobol sensitivity analysis
e Computing the sensitivity indices allows us to see which variables and which pairs of

variables account for the most variance in overall model output

21



Model Analysis: GrFN as Dynamic Bayesian Network

(MAX_RAIN:4.(D (CONSISTENCY:64.(D [ABSORPTION:O.GD DAY: 3 D

RAIN: 0.8

/
(TOTAL_RAIN: o.es))
(YIELD_EST: |.44]

22



Model Analysis: DBN

(MAX_RAIN:4.0] [CONSISTENCY:64.0] [ABSORPTION:0.6] [DAY:3]D

\/

RAIN:0.81

TOTAL_RAIN: 0.85 )
YIELD_EST: 1.4

25 — RAIN —— TOTAL_RAIN 100  —— YIELD_EST
50
20 80
40
Z =
(%2}
15 é W ®
prd |30 |
| (m)]
< o 40
10 E 2 Ll
=
=
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0 0
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Code Summarization: Training Corpus

e Neural network architecture that can encode functions and generate
natural language summaries
e Trained using existing, well-documented open source code!

= ﬂ NumPy

Sy Pandas

~ S matpltlib
SQLAlchemy @ SciPy

... and more...

25



Summary

Integration of model semantics
from text, equations and software
into a uniform framework for analysis.

e Automating linking of software to text discourse context

e Model comparison and sensitivity analysis in a uniform framework

e Contextual debugging and model communication

e Facilitate import of source code to libraries (e.g., MINT model store)

e Comparison of natural language -derived Causal Analysis Graphs (CAGNLs) to
software CAGs (CAGSs)

o Fill in causal details missing in CAGNts
o Expose assumed common-sense knowledge underlying CAGNLs

26
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