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Each solution of      after transformation of the group       remains a solution of     .G ΔΔ

Lie Group of Symmetry Transformations
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The system of PDE and the Prolonged Space
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prolongation of the Infinitesimal Generatorthn X
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The Infinitesimal Criterion and the Defining System
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Data Input
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Data Input

PDE

indvar

depvar

deriv 

_________________________________________

• Data Input is data about the considered PDE.
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Basic Set-Up

LHS

Man

InfGen

ProlGen (InfGen)

_________________________________________________________

• are unknown 
functions that are to be determined and given at the package   
output as solutions of the defining system. 
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Creating Defining System

________________________________________________________________

• Defining System is the major object in the program.
• Defining System is created by applying the infinitesimal 

criterion InfGen (LHS) |Man=0.
• Defining System consists of linear partial differential equations. 

Defining SystemInfinitesimal Criterion



At least one 
equation has 
been solved.
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Equivalent Transformations Block

_______________________________________________________

• The block is open for adding new modules of equivalent 
transformations.

for breaking the equations into partsModule-4

for differentiating of the equationsModule-3

for adding and subtracting of two equationsModule-1



Solvers Block

_______________________________________________________

• The block is open for adding new modules for solving 
equations.

solver of                      Module-4

solver of                      Module-3

solver of                      Module-2

solver of                      Module-1 021 =+CxC

Module-5 solver of                       

021 =+ yCxC

021 =+′ CyC

021 =+′′ CyC

021 =+′′′ CyC



Interactive Mode

user level commands





Heat Equation 0=− xxt uu
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Heat equation
0=− xxt uu

Tracing the Evaluation
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Tracing the Evaluation

Coupled Nonlinear 
Schrödinger Equations
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Trial Run

Heat equation
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Trial Run
KdV equation
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Application to Fiber Optics
(physical model)

Coupled Nonlinear Schrödinger Equations (CNSEs)
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Lie Group AnalysisLie Group Analysis
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Coupled nonlinear Schrödinger equations
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OPTIMAL SET OF SUBALGEBRASOPTIMAL SET OF SUBALGEBRAS
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Exact solution for Case C
(two-mode fibers and strongly birefringent fibers)
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Approximate vector solitary wavesApproximate vector solitary waves
Strong birefringent fibers with Raman scattering   Strong birefringent fibers with Raman scattering   
A generalized version of previously obtained scalar solitary-wave solutionA generalized version of previously obtained scalar solitary-wave solution
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Conclusion

• The symbolic computational tools of MATHEMATICA have been 
applied to determining the Lie symmetries of PDE.

• An algorithm for creating and solving the defining system of 
the symmetry transformations has been developed and 
implemented in MATHEMATICA package.

• The package has been successfully applied to basic physical 
equations from nonlinear fiber optics. 

• Future work: The package capabilities can be extended by
adding new programming modules for transforming and
solving other wider classes of differential equations.
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