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Shooting vs ManLab vs AUTO vs IPOPT



Boundary value problems
1 - Twisted rod (Kirchhoff model)

2 - Planar Elastica  
with fluid foundation

3 - Elastic ribbon (nat. curved) 



Numerical Methods

1 - Shooting (Mathematica) - quick to set up

2 - AUTO (Fortran or C) - fastest

3 - ManLab (Matlab) - interactive

4 - IPOPT (C++) - always converges



Shooting (1D structure)

Kinematics: known
Forces: unknown

Kinematics: unknown
Forces: known

clamped

free

idea: transform the BVP into an IVP



Shooting (1D structure)

Kinematics: known
Forces: use guess values

clamped



Shooting (1D structure)

integrate 
equations

clamped



Shooting (1D structure)

clamped

verify 
forces = 0

free



Shooting (1D structure)

clamped

verify 
forces = 0

free

If not: start again with new (updated) guessed values



collocation: AUTO v1 : 1976

NTST = 10 or 40 or … segments (adaptative mesh)
Lagrange polynomials of degree NCOL = 3 to 7
collocation: equations in strong form, satisfied at gauss points

R(U)=0 : newton-chord method
                               R’(U) (Unew - U) = -R(U)

Linear system (block diag.) size = NDIM x NTST x NCOL  



collocation: AUTO

Linear system (block diag.) size = NDIM x NTST x NCOL 
                              R’(U) (Unew - U) = -R(U)

Condensation (gauss elimination)  — ? AUTO secret ? —
      ==> full matrix, but of size NDIM only

advantage: simply enter equilibrium equations (ODE system)







Example: 3D Kirchhoff rod

�
<latexit sha1_base64="bdAS1DU9pLDwmRSuoG8etVlJoIw=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxTuvVO8vyrXrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWHajwA=</latexit>

imposed:   axial displacement       and zero torque    �
<latexit sha1_base64="bdAS1DU9pLDwmRSuoG8etVlJoIw=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxTuvVO8vyrXrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWHajwA=</latexit>

Mt = 0
<latexit sha1_base64="eI/FwHwJ6JughumgfNkGiaBmBL4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXgRKpi20Iay2W7apZtN2J0IpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEqhUHX/XZWVtfWNzYLW8Xtnd29/dLBYcMkmWbcZ4lMdCukhkuhuI8CJW+lmtM4lLwZDm+nfvOJayMS9YijlAcx7SsRCUbRSv59F6/dbqnsVtwZyDLxclKGHPVu6avTS1gWc4VMUmPanptiMKYaBZN8UuxkhqeUDWmfty1VNOYmGM+OnZBTq/RIlGhbCslM/T0xprExozi0nTHFgVn0puJ/XjvD6CoYC5VmyBWbL4oySTAh089JT2jOUI4soUwLeythA6opQ5tP0YbgLb68TBrVindeqT5clGs3eRwFOIYTOAMPLqEGd1AHHxgIeIZXeHOU8+K8Ox/z1hUnnzmCP3A+fwAimo49</latexit>

Mt = 0
<latexit sha1_base64="eI/FwHwJ6JughumgfNkGiaBmBL4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXgRKpi20Iay2W7apZtN2J0IpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEqhUHX/XZWVtfWNzYLW8Xtnd29/dLBYcMkmWbcZ4lMdCukhkuhuI8CJW+lmtM4lLwZDm+nfvOJayMS9YijlAcx7SsRCUbRSv59F6/dbqnsVtwZyDLxclKGHPVu6avTS1gWc4VMUmPanptiMKYaBZN8UuxkhqeUDWmfty1VNOYmGM+OnZBTq/RIlGhbCslM/T0xprExozi0nTHFgVn0puJ/XjvD6CoYC5VmyBWbL4oySTAh089JT2jOUI4soUwLeythA6opQ5tP0YbgLb68TBrVindeqT5clGs3eRwFOIYTOAMPLqEGd1AHHxgIeIZXeHOU8+K8Ox/z1hUnnzmCP3A+fwAimo49</latexit>



Kirchhoff equations for elastic rods

kinematics

dynamics

18 ODE system
3 algebraic eq.

m1 = K1 u1 , m2 = K2 u2 , m3 = K3 u3
<latexit sha1_base64="E4HlXnKC1ns+sXN0B1OowjFyf6E=">AAACMnicbZBNS8MwGMdTX2d9m3r0EhyChzHaTdCLMPSieJngXmAdJc3SLSxpa5IKo+wzefGTCB70oIhXP4RZ24PbfCDJn//veUjy9yJGpbKsN2NpeWV1bb2wYW5ube/sFvf2WzKMBSZNHLJQdDwkCaMBaSqqGOlEgiDuMdL2RldT3n4kQtIwuFfjiPQ4GgTUpxgpbbnFG+7a8ALe6t0pwzg7ytB5iFHf5G41ZdWMVWdZLWW1jNWgWyxZFSstuCjsXJRAXg23+OL0QxxzEijMkJRd24pUL0FCUczIxHRiSSKER2hAuloGiBPZS9IvT+CxdvrQD4VegYKp+3ciQVzKMfd0J0dqKOfZ1PyPdWPln/cSGkSxIgHOLvJjBlUIp/nBPhUEKzbWAmFB9VshHiKBsNIpmzoEe/7Li6JVrdhWxb47LdUv8zgK4BAcgRNggzNQB9egAZoAgyfwCj7Ap/FsvBtfxnfWumTkMwdgpoyfX16Vol4=</latexit><latexit sha1_base64="E4HlXnKC1ns+sXN0B1OowjFyf6E=">AAACMnicbZBNS8MwGMdTX2d9m3r0EhyChzHaTdCLMPSieJngXmAdJc3SLSxpa5IKo+wzefGTCB70oIhXP4RZ24PbfCDJn//veUjy9yJGpbKsN2NpeWV1bb2wYW5ube/sFvf2WzKMBSZNHLJQdDwkCaMBaSqqGOlEgiDuMdL2RldT3n4kQtIwuFfjiPQ4GgTUpxgpbbnFG+7a8ALe6t0pwzg7ytB5iFHf5G41ZdWMVWdZLWW1jNWgWyxZFSstuCjsXJRAXg23+OL0QxxzEijMkJRd24pUL0FCUczIxHRiSSKER2hAuloGiBPZS9IvT+CxdvrQD4VegYKp+3ciQVzKMfd0J0dqKOfZ1PyPdWPln/cSGkSxIgHOLvJjBlUIp/nBPhUEKzbWAmFB9VshHiKBsNIpmzoEe/7Li6JVrdhWxb47LdUv8zgK4BAcgRNggzNQB9egAZoAgyfwCj7Ap/FsvBtfxnfWumTkMwdgpoyfX16Vol4=</latexit><latexit sha1_base64="E4HlXnKC1ns+sXN0B1OowjFyf6E=">AAACMnicbZBNS8MwGMdTX2d9m3r0EhyChzHaTdCLMPSieJngXmAdJc3SLSxpa5IKo+wzefGTCB70oIhXP4RZ24PbfCDJn//veUjy9yJGpbKsN2NpeWV1bb2wYW5ube/sFvf2WzKMBSZNHLJQdDwkCaMBaSqqGOlEgiDuMdL2RldT3n4kQtIwuFfjiPQ4GgTUpxgpbbnFG+7a8ALe6t0pwzg7ytB5iFHf5G41ZdWMVWdZLWW1jNWgWyxZFSstuCjsXJRAXg23+OL0QxxzEijMkJRd24pUL0FCUczIxHRiSSKER2hAuloGiBPZS9IvT+CxdvrQD4VegYKp+3ciQVzKMfd0J0dqKOfZ1PyPdWPln/cSGkSxIgHOLvJjBlUIp/nBPhUEKzbWAmFB9VshHiKBsNIpmzoEe/7Li6JVrdhWxb47LdUv8zgK4BAcgRNggzNQB9egAZoAgyfwCj7Ap/FsvBtfxnfWumTkMwdgpoyfX16Vol4=</latexit><latexit sha1_base64="E4HlXnKC1ns+sXN0B1OowjFyf6E=">AAACMnicbZBNS8MwGMdTX2d9m3r0EhyChzHaTdCLMPSieJngXmAdJc3SLSxpa5IKo+wzefGTCB70oIhXP4RZ24PbfCDJn//veUjy9yJGpbKsN2NpeWV1bb2wYW5ube/sFvf2WzKMBSZNHLJQdDwkCaMBaSqqGOlEgiDuMdL2RldT3n4kQtIwuFfjiPQ4GgTUpxgpbbnFG+7a8ALe6t0pwzg7ytB5iFHf5G41ZdWMVWdZLWW1jNWgWyxZFSstuCjsXJRAXg23+OL0QxxzEijMkJRd24pUL0FCUczIxHRiSSKER2hAuloGiBPZS9IvT+CxdvrQD4VegYKp+3ciQVzKMfd0J0dqKOfZ1PyPdWPln/cSGkSxIgHOLvJjBlUIp/nBPhUEKzbWAmFB9VshHiKBsNIpmzoEe/7Li6JVrdhWxb47LdUv8zgK4BAcgRNggzNQB9egAZoAgyfwCj7Ap/FsvBtfxnfWumTkMwdgpoyfX16Vol4=</latexit>

constitutive relations
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ManLab
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ManLab:
 perturbation Q = 10E-18
 finite elements, 20 segments

Comparison
Model: - anisotropic cross-section (K1=1, K2=0.9)
             - perturbation Mt = 10E-4

Auto:
 NTST=12 segments
 NCOL=3 degree poly.

Shooting:
 Stiff ODE solver
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Shooting: 615 pts        (142 sec) and 494 pts         (95 sec)
ManLab:  41 branches (5.6 sec) and 50 branches (7 sec)
AUTO:      560 pts         (0.9 sec) and 370 pts         (0.65 sec)

rem: shooting does not go down enough rem: ManLab starts from trivial state  
         AUTO and shooting from a 1st nonlinear solution



Comparison

ManLab:  ~ 140 ms / branch rem : 
     Taylor 20
      no corrector step



Comparison: zoom
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Comparison
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rem: perturbative shear force Q=10E-18 in ManLab



2nd Example: beam on foundation

imposed:   axial displacement      �
<latexit sha1_base64="bdAS1DU9pLDwmRSuoG8etVlJoIw=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxTuvVO8vyrXrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWHajwA=</latexit>

Planar elastica on hydrostatic (nonlinear) foundation
Mode switching: secondary bifurcations



Beam on foundation

�
<latexit sha1_base64="bdAS1DU9pLDwmRSuoG8etVlJoIw=">AAAB7XicbVBNS8NAEN34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbSbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqDg2upNLtgBmQIoYGCpTQTjSwKJDQCkY3U7/1BNoIFT/gOAE/YoNYhIIztFKzewsSWa9UdivuDHSZeDkpkxz1Xumr21c8jSBGLpkxHc9N0M+YRsElTIrd1EDC+IgNoGNpzCIwfja7dkJPrdKnodK2YqQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4ZWfiThJEWI+XxSmkqKi09dpX2jgKMeWMK6FvZXyIdOMow2oaEPwFl9eJs1qxTuvVO8vyrXrPI4COSYn5Ix45JLUyB2pkwbh5JE8k1fy5ijnxXl3PuatK04+c0T+wPn8AWHajwA=</latexit>

⌘ = 7 (⌘4 = 2401)
<latexit sha1_base64="fgPDFA3eGxEO6PGkBF91pHEo2hQ=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbspMLVSEQtGNywr2AZ2xZNJMG5rJDElGKEPBjb/ixoUibv0Jd/6NmXYW2npI4OSce7m5x4sYlcqyvo3cyura+kZ+s7C1vbO7Z+4ftGUYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6Tjja9Tv/NAhKQhv1OTiLgBGnLqU4yUlvrmkUMUqtegc5meUvq6r9YrVcs+65tFq2zNAJeJnZEiyNDsm1/OIMRxQLjCDEnZs61IuQkSimJGpgUnliRCeIyGpKcpRwGRbjLbYQpPtTKAfij05QrO1N8dCQqknASergyQGslFLxX/83qx8i/chPIoVoTj+SA/ZlCFMA0EDqggWLGJJggLqv8K8QgJhJWOraBDsBdXXibtStk+L1duq8XGVRZHHhyDE1ACNqiBBrgBTdACGDyCZ/AK3own48V4Nz7mpTkj6zkEf2B8/gBgMZTG</latexit>

foundation stiffness

mode swichting



Beam on foundation

⌘ = 7 (⌘4 = 2401)
<latexit sha1_base64="fgPDFA3eGxEO6PGkBF91pHEo2hQ=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbspMLVSEQtGNywr2AZ2xZNJMG5rJDElGKEPBjb/ixoUibv0Jd/6NmXYW2npI4OSce7m5x4sYlcqyvo3cyura+kZ+s7C1vbO7Z+4ftGUYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6Tjja9Tv/NAhKQhv1OTiLgBGnLqU4yUlvrmkUMUqtegc5meUvq6r9YrVcs+65tFq2zNAJeJnZEiyNDsm1/OIMRxQLjCDEnZs61IuQkSimJGpgUnliRCeIyGpKcpRwGRbjLbYQpPtTKAfij05QrO1N8dCQqknASergyQGslFLxX/83qx8i/chPIoVoTj+SA/ZlCFMA0EDqggWLGJJggLqv8K8QgJhJWOraBDsBdXXibtStk+L1duq8XGVRZHHhyDE1ACNqiBBrgBTdACGDyCZ/AK3own48V4Nz7mpTkj6zkEf2B8/gBgMZTG</latexit>

x0(s) = cos ✓(s)

y0(s) = sin ✓(s)

✓0(s) = m(s)

m0(s) = nx(s) sin ✓(s)� ny(s) cos ✓(s)

n0
x(s) = �⌘4y(s) sin ✓(s)

n0
y(s) = ⌘4y(s) cos ✓(s)

<latexit sha1_base64="q/lXjlaP+Co68ekoEKdfrbEh914="></latexit>

x(0) = 0

x(1) = 1��

y(0) = 0

y(1) = 0

✓(0) = 0

✓(1) = 0
<latexit sha1_base64="8ejTWqbtwGMKDFJlt+ccZNnbh94="></latexit>

ODE system bound. cond.

singular perturbation



Beam on foundation
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Shooting:
 Stiff ODE solver

Shooting: 720 pts         (160 sec)

rem : bif. detected



Beam on foundation
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Auto:
 NTST=10 segments
 NCOL=4 degree poly.

rem : AUTO bif. detected

Shooting: 720 pts         (160 sec)
AUTO:      54   pts          (0.1sec)



Beam on foundation

ManLab:
 centered finite-differences
 100 segments, Taylor 20
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Shooting: 720 pts         (160 sec)
AUTO:      54   pts          (0.1sec)
ManLab:   21 branches (1.6sec)

rem : 
     no imperfection
     first point with newton
     no corrector step



Beam on foundation

ManLab:
 centered finite-differences
 100 segments

ManLab:   8 sec CPU (real ~ 2 min) point+click GUI
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3rd example: Elastic ribbon

L = 29 cm
w = 3 cm
h = 0.1 mm
Rcurv = 3.75 cm

PET : PolyEthylene Terephthalate

E = 3.4 Gpa
nu = 0.4
rho = 1250 kg/m3

Victor Romero (d’Alembert / INRIA)

Clamped-Free
naturally curved ribbon
sagging under its own weight



Elastic ribbon

L � h,w
<latexit sha1_base64="aS8W0D9d1OkU8a1ZhEUdc1DhM+M=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhAsJNxFQcugjYVFBPMhyRH2NnuXJbt7x+6eEo78ChsLRWz9OXb+GzfJFZr4YODx3gwz84KEM21c99tZWl5ZXVsvbBQ3t7Z3dkt7+00dp4rQBol5rNoB1pQzSRuGGU7biaJYBJy2guH1xG89UqVZLO/NKKG+wJFkISPYWOnhFnWjCA1On3qlsltxp0CLxMtJGXLUe6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSII9qxVGJBtZ9NDx6jY6v0URgrW9Kgqfp7IsNC65EIbKfAZqDnvYn4n9dJTXjpZ0wmqaGSzBaFKUcmRpPvUZ8pSgwfWYKJYvZWRAZYYWJsRkUbgjf/8iJpViveWaV6d16uXeVxFOAQjuAEPLiAGtxAHRpAQMAzvMKbo5wX5935mLUuOfnMAfyB8/kDkDGPmQ==</latexit>

L,w � h
<latexit sha1_base64="fVx9J0GXKeayvKas7zhWrrEr5K8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhAsJNxFQcugjYVFBPMhyRH2NnuXJbt7x+6eEo78ChsLRWz9OXb+GzfJFZr4YODx3gwz84KEM21c99tZWl5ZXVsvbBQ3t7Z3dkt7+00dp4rQBol5rNoB1pQzSRuGGU7biaJYBJy2guH1xG89UqVZLO/NKKG+wJFkISPYWOnh9vQJdaMIDXqlsltxp0CLxMtJGXLUe6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSII9qxVGJBtZ9NDx6jY6v0URgrW9Kgqfp7IsNC65EIbKfAZqDnvYn4n9dJTXjpZ0wmqaGSzBaFKUcmRpPvUZ8pSgwfWYKJYvZWRAZYYWJsRkUbgjf/8iJpViveWaV6d16uXeVxFOAQjuAEPLiAGtxAHRpAQMAzvMKbo5wX5935mLUuOfnMAfyB8/kDkF+PmQ==</latexit>

L � w � h
<latexit sha1_base64="cR0XwmPVb6XgEOXZaF1UH6awYkY=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUpKJRgrWBgYikQfUhtVjuukVh0n2E5RFfU7WBhAiJWPYeNvcNMM0HKke3V0zr3y9fFizpS27W+rsLa+sblV3C7t7O7tH5QPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3c78zoVKxSDzoaUzdEAeC+YxgbST3DvWDAD1lfTQoV+yqnQGtEicnFcjRHJS/+sOIJCEVmnCsVM+xY+2mWGpGOJ2V+omiMSZjHNCeoQKHVLlpdvQMnRlliPxImhIaZervjRSHSk1Dz0yGWI/UsjcX//N6ifav3JSJONFUkMVDfsKRjtA8ATRkkhLNp4ZgIpm5FZERlphok1PJhOAsf3mVtGtV56Jau69XGtd5HEU4gVM4BwcuoQG30IQWEHiEZ3iFN2tivVjv1sditGDlO8fwB9bnDxMLkP8=</latexit>

rod

plate

ribbon L

w

h

Elastic energy for a plate

Ebend =
D

2

Z Z �
(1� ⌫) TrK2 + ⌫(TrK)2

 
dS

<latexit sha1_base64="zNc6TYX/FBDcjsEX9PySchW2RDw="></latexit>

Eext =
A

2

Z Z �
(1� ⌫) Tr ✏2 + ⌫(Tr✏)2

 
dS

<latexit sha1_base64="H6XJ1TcZ30SFWMrOk7OGXJyOSnQ="></latexit>



Elastic energy for a plate

Ebend =
D

2

Z Z �
(1� ⌫) TrK2 + ⌫(TrK)2

 
dS

<latexit sha1_base64="zNc6TYX/FBDcjsEX9PySchW2RDw="></latexit>

Eext =
A

2

Z Z �
(1� ⌫) Tr ✏2 + ⌫(Tr✏)2
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Sadowsky 1930 
Wunderlich 1962 
Starostin 2008 
Dias 2014

Assume inextensibility:  
=> developable surface 
=> generatrices

Elastic ribbon



no geodesic curvature

no shear

Elastic ribbon



Equations for elastic ribbons

kinematics

dynamics

Dias & Audoly (JMPS) 2014

nonlinear 
constitutive 
relations
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Goal: obtain K=10, G=100Elastic ribbon

adim natural curvature adim weight

Shooting: 42 pts (8sec)
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Elastic ribbon

adim natural curvature adim weight

Shooting: 42 pts (8sec)
AUTO: 30 pts (0.11sec) ( NTST=10, NCOL=4 )
 



Shooting & AUTO:
            sequence of equilibrium
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Elastic ribbon Goal: obtain K=10, G=100

Shooting: 42 pts (8sec)
AUTO: 30 pts (0.11sec) ( NTST=10, NCOL=4 )
IPOPT: 11 pts (0.09sec) ( high order elem. 10 seg. )

adim natural curvature adim weight
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IPOPT: non equilibrium states
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Conclusions:

Shooting: easy to set up, not robust
AUTO: fastest, command line
ManLab: interactive, no automatic discretization

Other algo: fenics, chebfun, bvpSolve (R)

ManLab in Python (jupyter lab) ?
ManLab compiled would be faster than AUTO



Fin
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Beam on foundation
discretization is important: here non-centered finite-diff act like an imperfection


