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FOCUS OF RECENT DEVELOPMENT



* Executable Documentation

LOWERING | |
BARRIERS * Practical MDO with OpenMDAO

notebooks and videos

TO ENTRY

* build_pyoptsparse




«

~open/IDNO Hohmann Transfer Example - Optimizing a
Spacecraft Manuever

OpenMDAD
JIpendDAQ for optir

EXECUTABLE

DOCUMENTATION

ADVANCED USER GUIDE

REFERENCE GUIDE

* Rewrote documentation using jupyter-book S

— Geostationary Orbit (GEO)
ationary Transfer Orbit (GTO)

* Notebooks as documentation

* Documentation can test itself as part of our Cl
process

~C ) hohmann_transferipynb

File Edn View o0

* Users can test OpenMDAO examples on Google
o . . ~ Hohmann Transfer Example - Optimizing a Spacecraft Manuever
Colab without the need to install anything locally.

V to transfer a spacecraft from Low Earth Orbit (LEG) to geostationa t (GEO) using a two-imputse Hohmann Transfer.
The Hohmann Transfer is a maneuver which minimizes th Y for transferring a spacecraft from one circular orbit to ancther. Hohmann
transfers have a practical application in that they can be used 1o transfer satellites from LEO parking c eostationary orbit
icke first imp: h ity e o !’ f the ge on.
km). In this mode! T i a3 an impulsive ma ty instantanecusly
h the
ascending node of the transfer orbit. A
second impulse.
Once there it performs a second impulsive burn alo
the orbit
ght? The issue is th ndess =h from the equator, launch los tellites in a low Earth parking orbit with the
same inclination as geostationary orbit. For instance, a due-east launch from Kennedy Space rwill result in a parking or th an

Inclination of 28.5 dey refore need to change the inclination of our satellite durin o impulsive burn manewvers. The qu




PRACTICAL MDO COURSE

* John Jasa has joined our team and has done an
amazing job at producing tutorial notebooks
and corresponding videos.

* These videos provide common lessons that we
find ourselves teaching to users.

Course format: B

e

Lectures

Python notebooks
Links to resources




BUILD PYOPTSPARSE

The MDOLab provides an amazing tool in the form of
pyoptsparse.

* We were finding it difficult to build in a way that
could provide IPOPT as an option for users.

Easier to build pyoptsparse with support for
* IPOPT

* ParOPT

* SNORPT (if source is available locally)



https://github.com/MDOLab/pyoptsparse
https://github.com/OpenMDAO/build_pyoptsparse

REDUCING
USER

* Reports
JNIN * Visualization Tools

* Performance Improvements




REPORT

I’m having trouble
with my model.

. : : Have you looked at
* We provide information that users typically need. s NP el

* N2 diagram for connectivity How do | d
ow do | do

that again?

GENERATION

* Scaling report

|. Many users don’t know that these exist, let alone how to
get them.

* Why aren’t we just doing this all the time?

* Provide more rich feedback via HTML than standard output. | m havmg Frou.ble
with optimization.
* We shouldn’t limit ourselves to ascii (it’s not 1989 anymore)

 Standard output often gets swamped by solver or optimizer
output.

How does your
scaling look?

* In the future we’ll be putting more of our standard output in

reports. How can | tell?




REPORT
GENERATION

* Reports placed in the
subdirectory by default.

scaling* Driver scaling report Driver compute_totals .
; 5T —TRE * Users can design and
implement their own reports.

optimizer* Optimization summary Problem run_driver

connections  Connections viewer Problem final_setup

total Total coloring Driver get_coloring e Users can choose individual
coloring*

reports, mute them all, and
choose the destination
directory.

n2* N2 Problem final_setup
checks Config checks Problem final_setup

summary Model summary Problem final_setup

* report generated automatically. Others need to be specified.




THE N2 REPORT

This probably needs no
introduction.

It’s an extremely useful
tool and now it’s just
generated in the process
of executing a model.



HE SCALING REPORT

Help
Jesign Variables
e Drriver Model refl refl scaler adder upper
valoe wnits valie units
) phases coast time_extents.t_initial 235 225 T 05
raj phases coast time_extents t_daration 0.06 i T L 001
phisses coast indep_states. statesr s Bis e+200 0 les21 0
traj phases coast indep_states states-theta 1217670 227671 rad Hles2l B 0 les21 N
7] traj phases.coast.indep_states states:vr 03285 N038EN DANTU [ N oNles2lD
§] traf phases coast indep_states sales-vt min pur Il Tes21
burmu=2 i I les21 0
I les210

traj phases coast indep_states states:acoel (1 1]
+| traj phases coast.indep_states sotes:deltny iin DUTU
faj. phases bum2 lime_extents 1_inital 25 TU 5 005 o
%] wraj phases burm2 dndep_stabes staes:r 260 Du Nles2l 0 e+l
&) traj phises burn indep. s statesitheta n4n o Nles21 0 U les2ll

eraj phases bum2 indep. slates statesivr ol DWTU Ble+21 0 0 les21 ] o o

e el of scaling on variables and

traj phisses burn2 indep_states states:accel [ 1011 DUTU**2 1 les200 I les21 0

¥ traj.phases burn2.indep_states states:deltav | 1021 DUTU

— | e— constraints in the
| f optimizer’s context.

traj. phases burn | collcation_const efects:r 17611971 100761
traj. phases burn ] collocation_constraint defects:theta 11 669109 § (] o.um!
¥ traj.phases bum1 collocation_constraint defects:ve CRATTET 10073
traj. phases burn1 collocation_constraint defects:vi s 11314519 8 18031
+| traj phases. burn | collocation_constraim defects:acce] 5 I DLNI6H33E | I 0.
traj. phases burn | collocation_constraint defects:deliay 11 DO154054 1 ] 0.01514
traj phases burn] continuity_comp defoct_states:r o |

#| traj phases burn | conmtinuity_comp.defect_states:thetn non

] traj phiases burn | comtinuity_comp.defect_states:vi 4 noe

|
+] traj phises burn | continuity_comp.defoct_states:vr no ‘

traj phases burn] continuity_comp.defect_states:accel : o
traj phisses burn | continuity_comp.defect_states:debtay 4 noe
tra phases burn | continuity "o
traj phases burn| continuity_comp.defect_contral_rates:ul_rate 11 279776e-17 1 1127977
traj phases burn | continuity_comp.defect_contral_rates-ul_rate2 1199920117 1 119.99201

£ trj.phases coust collocation_constralnt defecticr 3 " 102580 el




THE OPTIMIZER REPORT

OpenMDAO Optimization Report for Problem brachistochrone (All values are in unscaled,
physical units)

Problem: brachistochrone

Script: [Users/rfalck/Projects/dymos.git/joss/test/brachistochrone. py

Optimizer: ScipyOptimize_SLSQP

Number of driver iterations: 48

Number of objective calls: a7

IRNE— : Summary of all optimization

Execution start time: 2022-09-22 06:06:12

Wall clock run time: 00 hours 00 minutes 00 seconds 841.7 milliseconds va riables’ and the curre nt

Exit status: SUCCESS

Objectives optimizer settings.

traj.phase0.time 1.8016e+00 1.0000e+00 0.0000e+00
Design Variables

upper equals ref ref0 units

traj.phase0.t_duration

traj.phasel.states:x |0.0184] [B.21] |2.92| |-le+21]  |le+21]|

traj.phase0.states:y |4.82| 19.84| 17.11] |-le+21] |le+21]|

10 |1.76] 110.1] _|7.27




THE TOTAL COLORING REPORT

Total Jacobian Coloring (120 x 204)
13 fwd colors, 0 rev colors (93.6% improvement)

Il...
L

See the sparsity of your
jacobian and how
OpenMDAQO is solving the

derivatives.

Each "color” corresponds
to a linear solve necessary
to compute the total
derivatives.



Promoted Name

-Sourcc Name

filter column...

DESIGN .comp.PR
DESIGN.comp.map.PRmap

DESIGN comp.eff
DESIGN .comp .map.effMap

DESIGN .comp.Wc

DESIGN .comp.map.WcMap

DESIGN .comp.map.alphaMap

DESIGN .comp.map.NcMap

DESIGN .comp.map .SMN_map RlineMap
DESIGN.comp.map.alphaMap

DESIGN .comp.map.SMW_map.NcMap
DESIGN comp.map.SMW_map . RlineMap
DESIGN .comp.map.SMW _bal lhs:NcMap
DESIGN .comp.map . SMW_bal rhs:NcMap

DESIGN .comp.map stall_margins.PR_SMN
DESIGN.comp.map.stall_margins.PR_SMW

DESIGN .comp.map.PRmap

DESIGN .comp.map.stall_margins. We_SMN

DESIGN .comp.map.WcMap
DESIGN.comp.PR

DESIGN comp.Fl_I:tot:P

DESIGN .comp.Fl_I:tot:composition

| | filter column...

;aulo_ivc_VZS

DESIGN .comp.map.map.PRmap
_auto_ive.v2e

DESIGN .comp.map.map effMap
DESIGN.comp.corrinputs.Wec
DESIGN .comp.map.map.WcMap
_auto_ive.v22

_auto_ive.v23

DESIGN .comp.map.stall_R .RlineStall
_auto_ive.v22

DESIGN .comp.map.SMW_bal NcMap
DESIGN .comp.map.stall_R.RlineStall
DESIGN .comp.map.map.WcMap
DESIGN .comp.map. SMW_map. WcMap
DESIGN .comp.map.SMN_map.PRmap
DESIGN .comp.map.SMW_map.PRmap
DESIGN .comp.map.map.PRmap
DESIGN .comp.map.SMN_map WcMap
DESIGN.comp.map.map.WcMap
auto_ive.v2s

DESIGN .inlet.real_flow.flow.Fl_O:tot:P

DESIGN.inlet real_flow.flow Fl_O:tot:co...

- Source is IVC
=

Source is DV

=

THE INPUTS REPORT

- Units

-Shapc

Tags Val

‘ﬁite: colu | [filler ci

Ibm/s
Ibm/s

Ibf/inch**2

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(L)
(1)
(1)
(1)
(1)
(L)
(1)
(1)
(1)
(L)
(5,

|fi|ler Hﬂltercolu l
L

[2.]

[5.2]

[L.]
[0.789313]
[30]
[21.124016]
[0.]

[1.]

[1.]

[0.]

[1.]

[1.]
[21.124016]
[21.124016]
[52]

[5.2]

[52]
[21.124016]
[21.124016]
[3.]

[1.]

[0.000017
10.000001

Similar to in HTML

format.

Sortable, filterable columns to
answer questions like

What inputs does the user need
to be providing to this model?

Are all of these inputs connected
to the same IVC?



* Vectorized, fixed-dimension interpolants

PERFORMANCE

* Coloring improvements

IMPROVEMENTS

* Efficiency approvements to apply_linear
calls under LinearBlockGS and
LinearBlockJac
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FIXED-DIMENSION
INTERPOLATIONS

Evaluation times by vec size

B 3D-lagrange3
B lagrange3

103
vec size

Vectorized, fixed-dimension
interpolation algorithms
significantly increase speed.

Discontinuing support for
the Fortran-based MBI
interpolation tool.



FUTURE DEVELOPMENT EFFORTS



AUTOMATIC
DIFFERENTIATION

and
can use jax.

Sympy source-code
transformation

Other possible paths!?




MANAGING COMPLEXITY

DEALING WITH CONNECTIONS

Glx Gly Glx Gly Gl.x

OpenMDAO enables large, complex models.

Dealing with connections increases risk of
user error.

Forgotten connections, automatically
assigned to AutolVC unexpectedly.

Inputs intended to be promoted to the
same variable but forgotten.

Solutions!?
Better feedback — The inputs report.
Some method of bundling connections?
Something like a Simulink bus?

Development of best practices?



Several teams seem to be
working on the best practice
for providing input for a
problem that hides code.

COMMON INTERFACE

Let analysts and system
engineers change select
inputs without dealing with
code or diving into many
files.

Notebooks are one way

Should we support a
canonical way or let users
handle it?




OpenMDAO Problem where
and are
used within the compute and
methods of a

SUBPROBLEM INTERFACE

Can improve performance by
“hiding” inputs and outputs that
are irrelevant to the outside
problem.

There are some challenges with
rolling-your-own solution that
might make a canonical
OpenMDAQO approach preferable.




* Leveraging second derivatives can
dramatically improve convergence.

* Both IPOPT and newer versions of SNOPT
can utilize Hessians.

2ND DERIVATIVES

(HESSIANS)

* Requires extension to MAUD upon which
OpenMDAO is based.

* Reliable, efficient AD is a prerequisite.




QUESTIONS?
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