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= CAMSPy ML features @l
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What is CGAMS

e trnsport.py

Container()

Set(m, "i")
Set(m, "j")
Parameter(m, "a
Parameter(m, "b"
Parameter(m, "c
X Variable(m, "x",
supply = Equation(m,
demand = Equation(m,

supplyl[il
demand[3j]
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]

]
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1)

J)

[i, J1)
"positive", [i, 3J])
"supply", domain=1i)
"demand", domain=3j)

sum(j, x[i, j]) <= alil
Sum(i, x[i, j1) >= b[j]
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uncontrolled s
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abstract (no data)
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What is CAMSE? A CAMS
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© @ trnsport.py

transport = Model(
m,
name="transport",
equations=m.getEquations(),
problem="LP",
sense=Sense.MIN, Compact
objective=Sum((i, j), cl[i, 3] * x[i, j1),

Like “writing on paper”

ogically consistent (no
domain violations,
transport.solve(solver="highs",...) Uncontrofied sets)

Completely abstract (no data)

Lever:
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Fase of installation A GAMS
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pip install gamspy

v

"~ "~

id:
. o Stableversion released https://pypi.org/project/gamspy/ gﬁc

= Documentation https://gamspy.readthedocs.io/en/latest/

= Model library (100+ models) https://github.com/GAMS-dev/gamspy-examples

Coogle Colab Notebooks https://gamspy.readthedocs.io/en/latest/user/examples.html
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Licensing B GAMS
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= Valid for 12 months, completely renewable

= No model size restrictions

= Node - limited to 2 — no internet connection

= Network —limited to 2 (e.g. Docker, Coogle Colab, etc.) — requires internet
=  Full access to all available open-source solvers

»  Full access to CPLEX, XPRESS/Clobal, COPT, CONOPT, MOSEK

=  Full access to Gurobi through the CAMS Gurobi Link

/&’ academic.gams.com
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Whny CGAMSPy needs ML features? AMGAMS
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@, python’

Python is the language for #

Machine Learning my
Dl GAMS

Combining ML into your

optimization problems ]

Decomes much easier! o
New opportunities!
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Similar packages A GAMS

MathOptAlLjl for JuMP
gurobi-machinelearning for gurobipy
OMLT for Pyomo

PySCIPOpt-ML for PySCIPOpt

. gamspy.formulations is the only package simultaneous/y offering

Q seamless Python ML and data library interaction
# high performance CAMS execution system

& many built-in but also easily extensible formulations

e Solver independence

Comparison paper from Dowson et al. & arxiv.org/abs/2507.03159
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Machine Learning in CAMS A GAMS
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Machine Learning in CAMS

Matrix Interface Formulations

e [ndices with no physical meaning e Popular programming constructs
e Matrix operations e Activation functions

4
¥y

{ ] @ multiply.py 3

from gamspy.math import dim

w gp.Parameter(m, domain=dim([10, 20]))
X gp.Variable(m, domain=dim([40, 10]1))

some_eq[...] =y = x d w
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Matrix Interface AmGAMS
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¢ old.py y
olaway

gp.Set(m, name="1", records=range(10)) When you needed to define a
gp.Set(m, name="3", records=range(20)) matrix,

Declare sets manually
n

, domain=[1, jl)

gp.Parameter(m, name="w
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A GAMS

MODEL - SOLVE - DEPLOY

Matrix Interface

® @ new.py
New way

from gamspy.math import dim When you need a matrix,

Use dim to provide

w = gp.Parameter

dimensions.
m)

name="w",

domain=dim([10, 20]),
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Matrix Interface

® @ multiply.py

from gamspy.math import dim

gp.Parameter(m, domain=dim([10, 20]))
gp.Variable(m, domain=dim([40, 10]1))

some_eql...]

A GAMS
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New way

Use @ for matrix
multiplication.

Works with matrices, vectors

and batched matrices!

You can stack as you wish!
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NMatrix Interface A GAMS
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/\/@ Yamviva 5)/

from gamspy.math import dim Tracks the dimensions

gp.Parameter(m, domain=dim([15, 20])) // <<
gp.Variable(m, domain=dim([40, 10]1))

SOIne_eq[ .. ] 452 eliflr == (2, 2):
453 # Matrix multiplication
454 if not utils.set base eq(left.domain[1], right.domain([@]):
> 455 raise ValidationError{(dim no match err)
457 left domain = left.domain[0]
458 right domain = right.domain([1]

: Matrix multiplication dimensions do not match
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Activation Functions A GAMS
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o0 @ activate.py

Commonly used activation

- - functions!
from gamspy.math import dim /

from gamspy.math import relu_with_binary_var RelLU: reLU(x) = max(0,x)
e \With binary variables
gp . Parameter(m, domaln:dlm( [19: 29] ) ) ° Complementarity conditions
gp.Variable(m, domain=dim([40, 10])) e SOSlvariables
TanH
some_eql...] X @ W
some_eq2[...] = relu_with_binary_var(y) Softrmax

Log Softmax

Sigmoid
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Input layer Hidden layers Output layer

=50000]

'm
NE

—ormulations

Some constructs in mathematical modeling
are more commonly used than others. Provide
users with a way to easily construct those!

A GAMS
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Machine Learning related Formulations A GAMS

Activation functions

Rel U

e \With binary variables
e Complementarity conditions

e SOSlvariables

TanH
Softmax
Log Softmax

Sigmoid
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Formulations

= Linear layer (a.k.a. Dense layer)
= ConvzD

= Min/Max/Avg Pooling

= Flattening

¢ Can be easily extended by the user

Details in the docs:

gamspy.readthedocs.io/en/latest/reference/
gamspy.formulations.html

16
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Surrogate Modael
-xample

From chemical engineering

OOOOOOOOOOOOOOOOOO
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—xample Problem B GAMS
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Fprud
F F(IO — xaF(]_ — Qf) — Vcag(kl + kz)xa =0
xaixba »
T
 x 1 —Fxp(1—a) + VCyokix, =0
- _F.xc + Vcao(kzxa — (kg + k4)xc + k5xe) — U

B
T' —Fxq(1— )+ VCqoksx,

=0
K
A i
k, —Fxo(1—p) +VCqolkax, — ksxq) =0
E ks D Xg+ Xp+xc+x53+x,—1 =0
ks | ks
Select reactor and separator
Demands for products B and E modules that minimize cost and

Bhosekar & lerapetritou (2020) satisfy variability in the demand
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Historical Data

A GAMS
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gezaector =5 Fe Fe Possible
e 30 0 i Yes (1)
e 30 18 O Yes (1)
£ 30 18 14 No (0)

56.000 rows calculatead

via simulation

19
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L earn Feasibility A GAMS
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Probability
Reactor —
’:aO  — Neural /<\
= — Network
FE e NO Yes
O w

Split dataset into training and validation
28.800 training samples

/.200 validation samples

99% prediction accuracy on validation set

20
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MIP Model A CAMS
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A
4 A\
min E Cost, -y, + E Costs - ys + Cost, - F,
T
reR ses

s.t. Zy,« =1
redctor

reR threshold for NN

available reactor NN(Cap, F,,Fg,Fg) > 099 «— | prediction (0/1in data)

capacity

hoice /Z ys =1
sES
celoctor choce / Cap = Z C feasibility check via NN

Fy <mazs+(1—ys)-M VseS flow in operational
F,+(1—vys)-M>mins, Vs€S limits of separator

F, e Ry
variable domains K y. € {0,1} VreR
ys € {0,1} Vse S

21


http://www.gams.com

MIP Model

A GAMS
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min Z Cost, -y, + Z Costs - ys + Cost, - F,

s.t.

reR ses

Zyr =1

reR

Sy =1 Formulations!
ses

Cap = Z Cap, -y,

recR

NN(Cap, F,, Fg,Fg) > 0.99

F,<mars+ (1—ys)-M VseS
Fo+(1—ys)-M>mins VseS
F, e Ry

y- € {0,1} VreR

ys € {0,1} Vse S

27
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Neural Network architecture AMGAMS
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Normalize Linear
Reactor \ —,/ Reactor : RelLU
- — Linear
Rel U

> /

Linear >
Linear

Sigmoid «\

in DNN but

not in model

Full source code: https://github.com/GAMS-dev/surrogate-model
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Neural Network architecture

1- e
/
F,
r
0.5
/
&
.-_,ff
e
-
1 =t | Fa | | ]
-G =] -7 (1] 2 i &

Sigmoid(x) = 0.99 = x = 4. 59511985013459

> Linear Model

A GAMS
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Linear

Rel U

Linear

Rel U

Linear

RelLU

Linear

Sigmoid

Full source code:

v
N
U1

T 'n DNN but

not in Mmode

~https://github.com/GAMS-dev/surrogate-model

24
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Neural Network plugged into model

OO U DN NN

model.py

gamspy gp
torch nn

model = nn.Sequential(

nn.Linear(4, 10),
nn.ReLU(),
nn.Linear (10, 10),
nn.ReLU(),
nn.Linear(10, 15),
nn.ReLU(),
nn.Linear(15, 1),
nn.Sigmoid()

a@ = gp.Variable(m, name="a0", domain=gp.math.dim([4]))
al = gp.Variable(m, name="al", domain=gp.math.dim([4]))

normalize_input = gp.Equation(m, name="normalize_input", domain=a0.domain)
normalize_input[...] = a1l = (a® - x_mean_par) / x_std_par

drop_sigmoid_model = nn.Sequential(*Llist(model.children())[:-11)
seq_formulation = gp.formulations.TorchSequential(m, drop_sigmoid_model)
25, _ = seq_formulation(al)

check_feasibility = gp.Equation(m, name="check_feasibility")
check_feasibility[...] = 2z5[0] = 4.59511985013459

A GAMS
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Embedding Neural Network
Define input al

Normalize if needed

Set bounds, suggested

Forward propagate (drop
nonlinear sigmoid)
NN output zb used in

feasibility constraint of MIP

Final non-linear activation

missing: 0(4.59512) = 0.99
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Summary & Outlook AEGAMS
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Easily embedding NN into GAMSEy models allows...

Surrogate moaels
Model verification
Adversarial input generation

Also supported: Decision & regression trees and random
forest
Cet started at gamspy.readthedocs.i0 and run

pip install gamspy

26
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Thank you for your attention!

.-GAMS
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Contact us: support@gams.com
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