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Funding and staffing cycles

Discontinuous funding cycles
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Implicit design in software

Singleton

Object Pool

Singleton

ReusablePool.getInstance().acquareReusable()

ReusablePool

-reusables

+static getlnstance() : ReusablePool

+static instance() Client »
+acquireReusable() : Reusable
+releaseReusable(in a : Reusable)
+setMaxPoolSize(in size)
Prototype Factory
clonerRegistry is populated «interface»
h Image derived cl
?gswﬂ:gzn?::gnzeaﬁnseu Framework
] +makeProduct() : Product
-cloneRegistry Image %
== | 1
+populatelmages() +clone() : Image ZAN ApplicationOne ApplicationTwo
’ LAY l |ProduciOne| +makeProduct() : Product +makeProduct() : Product
ImageTwo

images [next] =

clonerRegistry.get (lookupKey) .

ImageOne
clone ()

+clone() : ImageOne

return new ImageOne (this);

https://sourcemaking.com/design_patterns

return new ProductOne(); Il‘
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Invest and scale

Abstract template design pattern

FLORIS template design pattern

FrameworkClass

+templateMethod()
+stepOne()
+stepTwo()
+stepThree()

stepOne () ;
----|stepTwo () ;
stepThree () ;

4%>

ApplicationClassOne

+stepTwo()

ApplicationClassTwo

+stepTwo()

«interface»

Solver

parameters: dict

/ «interface»

«interface»
FlowField &t WakeModelManager
ri

u: NDArrayFloat
v: NDArrayFloat

combination_model: BaseModel
x: NDArrayFloat

y: NDArrayFloat
z: NDArrayFloat

deflection_model: BaseModel

w: NDArrayFloat velocity_model: BaseModel

turbulence_model: BaseModel

BaseModel

prepare_function() : dict

function() : None

1:1 == 1:N
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Desighed components of software

System-level architecture

Package, module, subroutine architecture X

Design principles, overarching themes X X X
Data structures and data flow X X

Effective usage workflows X

Developer coordination and processes X

NREL | 6



UML: Unified Modeling
Language




UML: Unified Modeling Language

The Unified Modeling Language (UML) is a family of
graphical notations, backed by single metamodel, that
help in describing and designing software systems,
particularly software systems built using the object-
oriented (OO) style.

UNIFIED
MODELING
LANGUAGE .

Meta Object Facility (MOF) Class Diagram Model

Meta-meta model layer MOF model . . 3 .
(Layer M3): Classifier StructuralFeature Relationship Classifier
Meta-meta models Class < _________________ ) A
1
'
............ Y TR T e e e D S TR s 24 0.1 - :
—A—l ————————— 1 ' 1
Meta model layer UML meta model | ! ! !
(Layer M2): H . :
Meta models Attribute Class  |classifier InstanceSpecification
f
V.N 7 : V.
........... /:\ I e TR
L ! of>> ! of>> | 1 <<instanceOf>> Operation
Model-layer UML model ‘ : = =S | 1
(Layer M1): | A T H
'
I
Models <<instanceOf>> | Person <<snapshot>> ! Albert:Person
| e e e ne
L~ - {name : string name = “Albert Einstein”

/N : <<instanceOf>>
—‘—‘ '
Run-time instances fl
T

aPerson

Information-layer
(Layer MO):

Instances
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UML Distilled

| Covers through Version 2.0 OMG UML Standard

UML DISTILLED

THIRD EDITION

A BRIEF GUIDE TO THE STANDARD
OBJECT MODELING LANGUAGE

MARTIN FOWLER

]

Table of Co
Chapter 1:
Chapter 2:
Chapter 3:
Chapter 4:
Chapter 5:
Chapter 6:
Chapter 7:
Chapter 8:
Chapter 9:

Chapter 10:
Chapter 11:
Chapter 12:
Chapter 13:
Chapter 14:
Chapter 15:
Chapter 16:
Chapter 17:

ntents Key features:

Introduction to UML

Development Process * Development Processes chapter
Class Diagrams ]
Sequence Diagrams * When to use X for each diagram
Class Diagrams Advanced

Object Diagrams * Short: 178 pages total

Package Diagrams
Deployment Diagrams

Use Cases

State Machine Diagrams
Activity Diagrams
Communication Diagrams
Composite Structures
Component Diagrams
Collaborations
Interaction Overview Diagrams
Timing Diagrams

Acts as a Reference and Explanation

15t Edition has a chapter on design

Appendix: UML Versions
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UML: Unified Modeling Language

Sequence

Package

Deployment

e f—
o Customer an Order an Order Line aProduct aCustomer Control BrowserClient [on;m:’;:u.m :
aPrepac Boveant] Y [ = Vindows) vy,
oo S, N [T/ : : = = _
= s «interface» S —— s
2 [re—— & | B st L]
e J > —_— utton k- onot e
T T N | | communicationpa o
I - | turnOn
—— -
e Pl pece Yo | e
- ! === ':g: hepnternet MpUAN 7 '-éﬂnd&m
oo o » - i - 5
suvoutes | CorpornteGustomer | [ porsont customer | Check Box . (component
eactune pr——— | T | Y, — N
ol cregtRating
[EN P — cosmGerice| e | : : — =
e \ | | n {0S = Solaris)
‘message ' {web server = apache}
- e T I I N T T T et S N I , Java RMY herculesAR ear
e caimediscous | A prs—— i | _toumber dopoed=3) | | 5 kv
M y 01 | geDiscountinfo | ¥ | . ! herculesWeb.war
4
I | U ;
Furnace::Heater Lighting::Light j woseton
! ! ! PR environment node
| [ l I Oracle DBMS
safe closed .
Open .
I e o— ot
_— o
L~ e, o =7 [«
System
Trading
Mana key turned [candle in) / open safe T —_— -
o initial peeudostate ’:j Ej ‘:j m
- st tom cusomers and ot
v i ] candle removed [door closed] / reveal lock _— parse ‘4-1 E
< Trader ( oovane
actor .
- F key tumed [candie out]/ release Killer rabbit gen
use case 4 ; -
E Salesperson otate R
aystem =
eacrsis final state Q
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UML: Unified Modeling Language

Sequence

Package

Deployment
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Open .
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System
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UML: Unified Modeling Language

Class Sequence Package Deployment
- —
— == Y ‘ i ‘ ’ i | ’ i ‘ Conto ——— ———
frosengemii N N [ 05 = Windows) .
e — { T P I
orce e herculesClient oxe " tagged value
) s e Mo ! Button F-----3 onoft 1
T e - \ | \ I:m*._m,.., po—
L o wrnon [
€O o gocastrmge 1) scthation , turnOff "
ot e Oirprpad I % | =] ison i w\;:vm mnsoLm 0]
--3 v -
e s [Gpomecomomer| [ esons Gomoner g | CheckBox [~~~ isOff L - 1 || tcomponort- Gonr Lo _|
\ s acv— L T | — QA detoyd ritact
oo | ordored)  aporntonn | ok caloulaleBasePrice | .. sacat | |
S [erere—— g g Web server £J8 Container
el | U e | i S
sarvo = agac
| ] | — ey || [
saesh | 0.1 | getDiscountinfo | of L : ! herculesWeb.war S
F
I | U A
| | | Furnace::Heater Lighting::Light / iton
widon ot nde
| | | I Oracle DBMS
Use Case State Activity Interaction
safe closed Open .
— ks
Trading £ T 7 § :
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henger il pudostate ey meacandeinlopen < [me ] [ ] [e~]
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=, S
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UML: Unified Modeling Language

Sequence

Package

Deployment
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UML: Unified Modeling Language

Sequence

Package

Deployment
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UML: Unified Modeling Language
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Package

Deployment
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UML: Unified Modeling Language

Sequence

Package

Deployment
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UML: Unified Modeling Language

Sequence

Package

Deployment
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UML: Unified Modeling Language

Sequence

Package

Deployment
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UML: Class Diagram Model

Class \ Abstract class Inheritance (is-a) relationship
Name
> Name Name Base
attrioutes . Ab tract
(member variables) virtual method() {Abstract)
method() —
methods Derived2 is-a Base
(member functions) Object
+ public_method()
# protected_method() . Ahi
- private_method() lassname: nam
Derived1 Derived2

Aggregation and Composition (has-a) relationship

Whole
— Whole has Part as a part;
lifetimes might be different; Whole has Part as a part;
Part might be shared with other lifetime of Part controlled by Whole,
Wholes. Part objects are contained in one
) (aggregation) ) Whole object.
Part Part (composition)

Association (uses, interacts-with) relationship Navigability - can reach

B starting from A

A : A | 8 |
A’s role \B's role A

NREL
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UML: A note on perspective

Conceptual Specification Implementation

«interface» FromDictMixin

WakeModelManager [ .
as_dict() : dict

- combination_function from_dict(data: dict)
> (T

deflection_function
turbulence_function

velocity_function BaseClass

«interface»

Solver

parameters: dict

validate_model_strings() [ logger |

Grid

«interfaces QULEILER GaussVelocityDeficit GaussVelocityDeflection |
FlowField —— WakeModelManager n_turbines: int

u: NDArrayFloat combination_model: BaseModel function(...) function(...) n_wind_speeds: int

x: NDArrayFloat . " q A . . n_wind_directions: int
. i g repare_function(grid, flow_field repare_function(grid, flow_field
v: NDArrayFloat A deflection_model: BaseModel prepare_| (grid, ol ) prepare_| (grid, ] ) X_sorted: NDArrayFloat

w: NDArrayFloat velocity_model: BaseModel y_sorted: NDArrayFloat
z: NDArrayFloat

turbulence_model: BaseModel z_sorted: NDArrayFloat
x_sorted_inertial_frame: NDArrayFloat
y_sorted_inertial_frame: NDArrayFloat
z_sorted_inertial_frame: NDArrayFloat
cubature_weights: NDArrayFloat
turbine_coordinates: NDArrayFloat
turbine_diameters: NDArrayFloat
wind_directions: NDArrayFloat
function() : None wind_speeds: NDArrayFloat
time_series: bool
grid_resolution: int | Iterable

BaseModel

prepare_function() : dict

check_coordinates()
set_grid()

TurbineGrid

v

average_method : str

set_grid() : None

NREL | 20




UML: Class Diagram

Example

Class Abstract class Inheritance (is-a) relationship
Name
p— Name Name Base
atiributes i Abstract
(member variables) virtual method() { }
method() WCompFloris
methods Derived2 is-a Base LEGEND : str
(member functions) Object LINE_PLOT_COLOR : str
+ public_method() LINE_PLOT_LINESTYLE : str
# p(otected_method() | name: obiectnam LINE_PLOT_MARKER : str
- prlvate_method() . . deflection_model_string : str
DeereC“ De”ved2 deflection_parameters : Optional[dict]

fi : Florisinterface

floris_dict : dict
Aggregation and Composition (has-a) relationship hub_height

rotor_diameter

velocity_deficit_model_string : str
Whole Whole i g

velocity_deficit_parameters : dict

Whole has Part as a part; v P 8 G

lifetimes might be different; Whole has Part as a part; e —

Part might be shared with other lifetime of Part controlled by Whole, AEP()

Wholes. i ! Part Oble(fts are contained in one horizontal_contour(wind_direction: float, resolution: tuple) : WakePlane

(aggregation) Whole object. . ) R ) :

ia streamwise_profile_plot(wind_direction: float, y_coordinate: float, xmin: float, xmax: float)
Part Part (composition)
vertical_profile_plot(wind_direction: float, x_coordinate: float, y_coordinate: float, zmax: float)
xsection_contour(wind_direction: float, resolution: tuple, x_coordinate: float) : WakePlane
xsection_profile_plot(wind_direction: float, x_coordinate: float, ymin: float, ymax: float)
Association (uses, interacts-with) relationship Navigability - can reach

B starting from A

; : 0
A’s role B’s role
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UML: Class Diagram

; Example
Class Abstract class InHeritance (is-a) relationship
Name
—— Name Name Base
attributes ; Abstract
(member variables) virtual method() { }
method()
methods Derived2 is-a Base
(member functions) Object WCompBase
+ public_method()
# protected_method() lassname: obiectnam LEGEND : str
- private_method() * LINE_PLOT_COLOR : str
Derived1 Derived2 hub_height
rotor_diameter
Aggregation and Composition (has-a) relationship AEP() : float
horizontal_contour(wind_direction: float, resolution: tuple) : WakePlane
streamwise_profile_plot(wind_direction: float, y_coordinate: float, xmin: float, xmax: float)
Whole Whole vertical_profile_plot(wind_direction: float, x_coordinate: float, y_coordinate: float, zmax: float)
Whole has Part as a part; ) T . )
lifetimes might be different; Whole has Part as a part; xsection_contour(wind_direction: float, resolution: tuple, x_coordinate: float) : WakePlane
Part might be shared with other lifetime of Part controlled by Whole, xsection_profile_plot(wind_direction: float, x_coordinate: float, ymin: float, ymax: float)
Wholes. Part objects are contained in one
(aggregation) ) Whole object.
Part Part (composition)
Association (uses, interacts-with) relationship Navigability - can reach
B starting from A
A i B
A’s role B’s role
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UML: Class Diagram

Example

Class Abstract class Inheritance (is-a) relationship
WCompBase
Name Name Name Base LEGEND : str
attri butes . {Abstracﬂ LINE_PLOT_COLOR : str
. g/ hub_height
(member vanables) Vlrtua/ method() ul JIE|.E it
m eth o d () rotor_diameter
AEP() : float
methods Derived?2 is-a Base horizontal_contour(wind_direction: float, resolution: tuple) : WakePlane
i streamwise_profile_plot(wind_direction: float, y_coordinate: float, xmin: float, xmax: float)
(member functions) Object
+ publlc method() vertical_profile_plot(wind_direction: float, x_coordinate: float, y_coordinate: float, zmax: float)
# protec?ed_method() I name: N nam xsectian_con;t:ur(nl/ind_di;e:tion: floatf,l resolution: ;uple, );coordl’nate:f lﬂoat) 8 WakfelPlane
. . xsection_profile_plot(wind_direction: float, x_coordinate: float, ymin: float, ymax: float)
- private_method()
Derived1 Derived2 ‘f
WCompFloris

LEGEND : str
LINE_PLOT_COLOR : str
LINE_PLOT_LINESTYLE : str
LINE_PLOT_MARKER : str

deflection_model_string : str

Aggregation and Composition (has-a) relationship

Whole Whole

Part

Whole has Part as a part;
lifetimes might be different;

Part might be shared with other

Wholes.
(aggregation)

Part

Association (uses, interacts-with) relationship

A

A’s role B’s role

Whole has Part as a part;

lifetime of Part controlled by Whole,
Part objects are contained in one
Whole object.

(composition)

Navigability - can reach
B starting from A

deflection_parameters : Optional[dict]
fi : Florisinterface

floris_dict : dict

hub_height

rotor_diameter
velocity_deficit_model_string : str
velocity_deficit_parameters : dict
yaw_angles : ndarray

AEP()

horizontal_contour(wind_direction: float, resolution: tuple) : WakePlane
streamwise_profile_plot(wind_direction: float, y_coordinate: float, xmin: float, xmax: float)
vertical_profile_plot(wind_direction: float, x_coordinate: float, y_coordinate: float, zmax: float)
xsection_contour(wind_direction: float, resolution: tuple, x_coordinate: float) : WakePlane
xsection_profile_plot(wind_direction: float, x_coordinate: float, ymin: float, ymax: float)
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UML: Class Diagram

Example

Class Abstract class Inheritance (is-a) relationship
Name
attributes mane tame Base
1ou . }
(member variables) virtual method() {Abstract WCompBase
method()
LEGEND : str
methods Derived2 is-a Base LINE_PLOT_COLOR : str
(meml?er functions) Object hub_height
; pu‘i"‘;n;etho?é) a0 rotor_diameter
rotected_metno . A
- ;ivate_method() lassname: nam AEP() : float
Derived1 Derived2 horizontal_contour(wind_direction: float, resolution: tuple) : WakePlane
streamwise_profile_plot(wind_direction: float, y_coordinate: float, xmin: float, xmax: float)
vertical_profile_plot(wind_direction: float, x_coordinate: float, y_coordinate: float, zmax: float)
Aggregatlon and composltlon (has_a) re|ati°nsh|p xsection_contour(wind_direction: float, resolution: tuple, x_coordinate: float) : WakePlane
xsection_profile_plot(wind_direction: float, x_coordinate: float, ymin: float, ymax: float)
Whole Whole ﬁ&
Whole has Part as a part; WCompFloris
lifetimes might be different; Whole has Part as a part;
Part might be shared with other lifetime of Part controlled by Whole, e TR B 637
Wholes. Part objects are contained in one deflection_parameters : Optional[dict]
(aggregation) Whole object. fi : Florisinterface
Part Part (composition) floris_dict : dict
velocity_deficit_model_string : str

velocity_deficit_parameters : dict

Association (uses, interacts-with) relationship Navigability - can reach yaw_angles : ndarray
B starting from A

; : 0
A’s role B’s role
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UML: Class Diagram

Example
Class Abstract class Inheritance (is-a) relationship
Name
—— Name Name Base
atiributes i Abstract
(member variables) virtual method() { }
method()
methods Derived2 is-a Base
(member functions) Object WS
+ public_method()
# protected_method() - WakeProfile normal_vector : str
] — lassname: nam .
- private_method() . WCompBase ) resolution : Tuple
Derived1 Derived2 values values
x1
)< x1
Aggregation and Composition (has-a) relationship ez
Whole Whole
Whole has Part as a part; WCompFloris WCompFoxes WCompPyWake
lifetimes might be different; Whole has Part as a part;
Part might be shared with other lifetime of Part controlled by Whole,
Wholes. Part objects are contained in one
(aggregation) ) Whole object.
Part Part (composition)
Association (uses, interacts-with) relationship Navigability - can reach
B starting from A
; : 0
A’s role B’s role
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UML: Class Diagram — In Design

FLORIS v2

FLORIS v3

FLORIS v4

Floris

|

FlowField

array u
array v
array w
array x
array y
array z

+calculate_wake()

«interface»
Wake
TurbineMap

array[Turbine] turbines
yIT 1 +velocity_function()

+turbulence_function()

Turbine

float rotor_diameter
float hub_height
float average_velocities

-_create_swept_area_grid()

+deflection_function()

+combination_function()

| ~interface~
Solver

parameters: dict
L1 T
\ ¥
FlowField

Farm u: NDArrayFloat
v: NDArrayFloat
w: NDArrayFloat |

TurbineGrid CubatureGrid

NDArrayFloat

n
b3
|

PointsGrid

WakeC:

~interface~
WakeModelManager

dict

dict

dict

dict

turbine
Floris array rotor_diameters
| array hub_heights
\ array average_velocities
FlowField
array u
Farm array v Wake
array w
array x
array y
array z
Solver
dict parameters
Combination Deficit Turbulence Deflection
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26



UML: Sequence Diagram Model

.

objects
one that starts the action at the left

object1

time flow — /
<<create>> -
> > [obiect2
> - >
get_info(spec)
search-self
—
requested info |
|

do_something() —
T void return is implicit
|
|
<<destroy>> >I<
—p

focus of control

-—

|

(I

| lifetime
|

X

<<create>>

<<destroy>>

—

message sent
(function call)

-

information returned
(non-void return)

4+ — — —
return with no information
(void return) - use for clarity only

<

object sends message to itself
(one method calls another)

NREL
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Sequence Diagram :

Wind direction -

Floris Solver DeflectionModel DeficitModel CombinationModel l l
<<create>>
<<create>> — / 8
<<create>> :, .‘
g 7
prepare_function() i |
prepare_function() ,,'f ',_."‘l".. — 6
loop [Every turbine] . .: ," .‘:‘
function() :.'i ‘l':“ 5
deflection field .:,'_‘.‘5 \
function() _ ,";I ';": “1‘%;
P velocity field .: l‘.
function() .."i E’;
P wake field 'i lE
Floris Solver DeflectionModel DeficitModel CombinationModel

Rotor grid only
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Sequence Diagram :

Wind direction -

Floris Solver DeflectionModel DeficitModel CombinationModel l l
<<create>>
<<create>> — / 8
<<create>> :, .‘
g 7
prepare_function() i |
prepare_function() ,,'f ',_."‘l".. — 6
loop [Every turbine] .: ," .‘:‘
function() :.'i ‘l':“ 5
deflection field .:,'_‘.‘5 \
function() _ ,";I ';": “1‘%;
P velocity field .: l‘.
function() .."i E’;
P wake field 'i lE
Floris Solver DeflectionModel DeficitModel CombinationModel

Rotor grid only
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Sequence Diagram :

Wind direction -

Floris Solver DeflectionModel DeficitModel CombinationModel l l
<<create>>
<<create>> — / 8
<<create>> :, .‘
g 7
prepare_function() i |
prepare_function() ,,'f ',_."‘l".. — 6
loop [Every turbine] .: ," .‘:‘
function() :.'i ‘l':“ 5
deflection field .:,'_‘.‘5 \
function() _ ,";I ';": “1‘%;
P velocity field .: l‘.
function() .."i E’;
P wake field 'i lE
Floris Solver DeflectionModel DeficitModel CombinationModel

Rotor grid only
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UML: Sequence Diagram

Floris Solver DeflectionModel DeficitModel CombinationModel
<<create>>
<<create>>
<<Create>>
prepare_function()
prepare_function()
looﬂ [TurbineGrid, FlowFieldGrid]
loop [Every turbine]
function()
deflection_field
function()
velocity_deficit >‘ ‘
function()
wake field
Use TurbineGrid
thrust coefficient for
FlowFieldGrid loop
Floris Solver DeflectionModel DeficitModel CombinationModel

Inner loop

Outer loop

NREL
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UML: Sequence Diagram

Community

Developer

Create Discussion desaribing a gap or feature

loop

[Design Discussion]

Feedback

Maintainer

Feedback

Propose implementation

Open an Issue tp finalize proposal

Submit a Pull Request

loop [Implementation & Review]

Include Issye in a Project

eee M+ (<

= ) nreL/ floris

© Code O Issues 49 11 Pullrequests 21

Add prestep to calculate_wake

GLIEXD) misior70 started this conversation

5 misi9N70 on Feb 12 Maintainer

In v3, wind conditions are passed to the Flori
method, whereas turbine operating setpoints (i
calculate_wake() method.

| proposed that we add a middle step set_ope
turbine operation, and have calculate_wake(
existing paradigm

fi = FlorisInterface('inputs/gch.yam
fi.reinitialize(wind_speeds=(8, 9, 1
fi.calculate_wake(yaw_angles=[[20, @

we switch to

fi = FlorisInterface('inputs/gch.yam
fi.reinitialize(wind_speeds=(8, 9, 1
fi.set_operation(yaw_angles=[[20, 0]
fi.calculate_wake()

To me, this is more explicit, and would also (in t
in #449, that turbine operating setpoints ( yaw,
calls (in the proposed paradigm, set_operati
would be saved on the FlorisInterface obj

We've added various new "setpoint’type argur
power_setpoints #783, disable_turbine
wake mixing model #796). Many of these need
setting on fi , and that handling currently tak
would also simplify calculate_wake() andn
proposed set_operation

o

Provide code review feedback

Merge Pull Request

<
«

Community

Developer

Maintainer

@paulf81 pointed out that this is a paradigm ck
running Floris. To maintain back-compatil
calculate wake() totake only yaw_angle
in v3); if the user specifies yaw_angles in c¢
be raised and the new set_operation() mel
through to it before executing the wake calculaf
raise a deprecation warning if any argument is f
passed through to set_operation() (this w¢
calculate_wake() call until deprecation).

On the other hand, various other changes at the
particular, along with possible renaming of the

& github.com/NRELflorisfdisc. ¢, © (N

eoe [+ <
) nreL | floris

© Code

+ ©

@ github.com/NREL/floris/pul

Q Type B to search

© Issues 49 1) Pullrequests 21 @ Discussions © Actions ( Projects 10

¢

Move FlorisInterface .reinitialize() / .calculate_wake() to .set() /

#823

rafmudaf merged 40 commits into V4 from i_api (© on Feb 26

@ Conversation 28

o

< Commits 40 Checks 16

[ Files changed 50

rafmudaf commented on Feb 22 - edited - Member
Adopt .set() / .run() flow for Florisinterface workflows

Currently, the typical flow for using Florisinterface is to build a workflow around the

.reinitialize() and .calculate_wake() functions. #801 suggests to add an
additional step between these two for setting turbine operating conditions. In the
subsequent discussion (see #801 (reply in thread)), the idea to refactor this workflow
resulted in the following suggestion:

i = FlorisInterface.from_dict(...) 9

fi.set(
wind_direction:
wind_speeds=...,
any_other_input=. ..

.run()

This pull request implements the suggested workflow by adding
FlorisInterface.set() and FlorisInterface.run() and removing
FlorisInterface.reinitialize() and FlorisInterface.calculate_wake() .

The FlorisInterface.set() function allows for setting any of the supported inputs
or operation settings individually or in batch:

# These two are equivalent =)
Fi.set(

wind_directions=...,

wind_speeds=...,

any_other_input=...

fi.set(wind_direction
fi.set(wind_speeds=...)
fi.set(any_other_inpu

For any parameter that is part of the input (defined in the input file or input dictionary to
FlorisInterface and Floris ), the .set() function createsanew Floris
object with the setting changed. This matches the functionality of .reinitialize() .
Therefore, changes should be batched into one .set() when possible to save the

|1 [+ |[e][n][e'@

© Security ¢ Insights

U0 i ocode -
+659 ~479 anen

Reviewers a
@ misi9170 =]
@ paulfst v
@ ejsimley .
Assignees 8
© rafmudaf

Labels @

enhancement J floris.tools

va

Projects @

{6 FLORIS Feb 2024 Sp... v

Status: Done - +6 more
B FLORIS v4 e
Status: Done - +4 more
Milestone @
va.0
Development @

Successfully merging this pull
request may close these issues.

None yet

Notifications Customize
R Unsubscribe

You're receiving notifications

because you're watching this

regositon

NREL | 32




Other diagrams outside of UML

result (3)
'I"

= [2]4]o

result (4x 3)

11213

= 1112 |13

21|22 |28

313233

a( b(1)
vy
‘
_—
stretch
Figure 1
image data a(4x3) b(3)
ﬂ
data alignment ofofo 1|2 | 3 %
10 (10| 10 + g
- S
-:-:-:-:-:-:-_:‘ 20(20 |20
T(0,0)|T0.2) T(0.28) [ T(0.30) 303030
lm‘n T(ula; . data on device memory . T(nlzg)lmlm
Yy v VY
i Figure 2
1.0
warp_0
elements matches the number of 2-d array columns.

A one dimensional array added to a two dimensional array results in broadcasting if number of 1-d array

Use UML and anything else to get your message out there!
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33



Diagramming in the
development workflow




Documentation Driven Development

Documentation as Code (Docs as Code) refers to a philosophy that you should be writing
documentation with the same tools as code:

o Issue Trackers

e Version Control (Git)

» Plain Text Markup (Markdown, reStructuredText, Asciidoc)

* Code Reviews

¢ Automated Tests

This means following the same workflows as development teams, and being integrated in the product
team. It enables a culture where writers and developers both feel ownership of documentation, and

work together to make it as good as possible.

Write the Docs

https://www.writethedocs.org/guide/docs-as-code/
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UML: Class Diagrams

Example
Class Abstract class Inheritance (is-a) relationship
Name
Name Name
Base
attributes . Abstract | N CO R R ECT
(member variables) virtual method() { }
method()
methods Derived2 is-a Base
(member functions) Object WS
+ public_method()
# protected_method() - WakeProfile normal_vector : str
] — lassname: nam .
- private_method() . WCompBase ) resolution : Tuple
Derived1 Derived2 vatues values
x1
)< x1
Aggregation and Composition (has-a) relationship 2
Whole Whole
Whole has Part as a part; WCompFloris WCompFoxes WCompPyWake
lifetimes might be different; Whole has Part as a part;
Part might be shared with other lifetime of Part controlled by Whole,
Wholes. Part objects are contained in one
(aggregation) ) Whole object.
Part Part (composition)
Association (uses, interacts-with) relationship Navigability - can reach
B starting from A
; : 0
A’s role B’s role
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In Practice: Automated Tools

Q Treat diagrams like other software infrastructure:
(P)~@) ° Incorporate it into the development process
) O * Build tools, trust them, and lean on them heavily
e Automate — let the computers do the hard work

n linting 'pylint

pyreverse
Mermaid

Graphviz

NREL | 37



In Practice: Doxygen

https://www.doxygen.nl

eeoe M v < amrex-codes.github.i ¢ © b + O

AMReX, Block-Structured AMR Software Fram

Public Member Functions | Static Public Member Functions | List of all membery

ece M- < > & www.doxygen.nl © ® o +

doxygen s Genpelen  BeanEmre B I ——

earch

[ oonate

Doxygen
amrex::InterpBase Class Reference ===

Main Page  Related Pages Namespaces~ Classes~  Files ~

« find()
#include <AMReX InterpBase.H>

amrex:InterpBase
a pointer to the value or nullptr i the key amrex:Interpolater amrex:MFinterpolater
C d 5 The hit and miss counters are updated, s ) and misses().
ode e amrex:CellBilinear I —— amrex:MF CellBilinear
Documentation.
d s amrex:CellC inear —_—n amrex:MFCellConsLininterp
Free, ope amrex:CellC: i I amrex:MFCellConsLinMinmaxLimitinten
amrex:C amr
amrex:CellQuartic mrex:MFPClnterp
>::m_cacheltemMap, amrex:F: vativeLinear

Cache doxygen

® Show dark mode output amrex:FaceDivFree

Doxygen is a widely-used documentation generator tool in software development. It automates
the generation of documentation from source code comments, parsing information about classes,
functions, and variables to produce output in formats like HTML and PDF. By simplifying and

standardizing the documentation process, Doxygen enhances collaboration and maintenance mre
across diverse programming languages and project scales.

amrex:FaceLinear

amrex:PCinterp

-, g @ Public Member Functions
@ f» InterpBase ()=default

Multiple formats Markdown C+ Cross-referencing Diagrams Configuration virtual ~InterpBase ()=default REL | 38
amrex | InterpBase ) Generated by (G [@).QV/@)E)[A) 1:9-1
2 /



https://www.doxygen.nl/

WETO Portfolio Coordination

FLORIS Evolution

Fuosse

FLosse n sty

In Practice: Mermaid

https://mermaid.js.org Vatona s € 0 et M. Warkhop L
A o Frvke
eee M- < 5] & mermaid.js.org e ©® th + ow !
k ol T A
Mermaid  Q Search %K  Docs Tutorials Integrations Contributing  LatestNews 1091~ M Live Editor # - oy
Try Mermaid’s Visual Editor at Mermaid Chart  Try it now —
-
s ir—
% o } -
Mermaid =
Di [ d
lagramming an e ==
Y v b o library_selection
- edoen
P
charti ng tool = e
JavaScript based diagramming and charting tool e S [
that renders Markdown-inspired text definitions e [ R B = = = =
. . . e | ‘/ \\
to create and modify diagrams dynamically. AR A S| | [
=1 =R =N
View on GitHub HFM-OpenFAST By FTE Time HFM-OpenFAST By Dollar Amount HFM-OpenFAST By Task

rpamayz;

=
FEAN=
\

with the Mermaid Live

Editor.

applications, check
out the integrations

list.

Use of Technology".

Mermaid project.

FLORIS

" tonctiont)

dict parameters

Ratacl Rafacl
ndy Andy
Jason Jason \
2 0 S , . Emma Emma
+ Easy to use! < Integrations ‘¥’ Award winning! &3 Mermaid + Matt Mate FlowField
q 0 q
Easily create and Syalisbie! 2019 JavaScript Open Mermaid Chart =
render detailed Use Mermaid with Source Award winner Mermaid Chart is a sawer
“
diagrams and charts your favorite for "The Most Exciting major supporter of the — | S :“
= (-1

( ) Y
Deflection Turbulence. ‘ Combinati

L S
Simulation Tools v et ot
‘ Combination
Floris Florisinterface Sowfalnterface Visualization Optimization |
e dict parameters
o fnction)

Defictt
dict parameters

function()

Turbulence.

Deflection

dict parameters

function()
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https://mermaid.js.org/

In Practice: Mermaid

GitHub Discussion — same for any GitHub-flavored Markdown product

e0e M- < & github, dTask37/windIO/discussions/23 ¢, © M + e0e M- < & github, indTask37/windiO) i © ® M +
_ ) . L] Scope, architecture, and dependency structure #23
= O IEAWindTask37 / windlO Q + - o). @ @ rafmudaf on Oct 24,2023 - 1 comment R teto
<> Code (D Issues 26 [ Pullrequests 3 3 Discussions (O Actions [ Projects 1 OJ Wiki Architecture
. The proposed architecture below closely follows the scope stated above. Note that the top-level
SCOpe, arChIteCtUI'e, a nd dependency structure #23 Edit windIO object in the diagram is intended to be a namespace that provides access to the objects
beneath it.
Unanswered ' rafmudaf asked this question in Ideas
o @
wite  Preview HB IREOE@ == €U category ®
Ideas windlO
" “mermaid
classDiagram
windIO *-- loader Labels
windIO *-- Plant None yet
windlO *-- Turbine Plant
class loader{ .
+dict load() 1 participant | loader +common
+validate() | +energy_resource Turbine
< > +site
) - o > +dict load() . +ontology
class Plant{ | P +turbine
+common Notifications | VEBERE)) +wind_energy_system A @
+energy_resource R Unsubscribe +wind_farm
+site N < G >
+turbine You're receiving notifications S
3 because you authored the thread. v Q
+wind_energy_system
+wind_farm
} = Transfer this discussion The ontology definition and it's YAML representation are defined in the Plant and Turbine
class Turbine{ (@ Createissue from discussion modules via YAML schemas (the windIO.plant and windIO.turbine modules in the software
+ontology 2 library). The module for loading and validating the input files is available through wind10.loader ,
= n and it contains functionality similar to the existing Loader , load_yaml and validate_yaml
SN oo icssion |

NREL



In Practice: Mermaid

Sphinx-based documentation — add diagrams anywhere including in APl docs

'YK ) « o £ weomp DB o8 eoe M- < ® github.i X fweo ¢ ®© hh + O
@ @ floris_interface.py 8, M X [ TIL o - = O & 3 i= Contents
wcomp > @ floris_interface.py > % WCompFloris > @ __init__ weomp WeompFloris
pos . .
p 128 class WCompFloris(WCompBase): Q search =K Wcomp.ﬂorls_lnterface
129
130 ’ ‘Wakes Compared (wcomp) Classes
% 131 ‘WCompFloris' implements the wcomp interface to the FLORIS software. WESC20251> SimpleDerme X . - .
755 The connection points to FLORIS are shown in the diagram below. Torque 2024 - 1 turbine cases WeompFloris (input_file) WCompFioris implements the weomp interface to the FLORIS
ﬂ’> 133 Torque 2024 - 4 turbine cases soffware:
134 -+ mermaid:: Architecture and Dasion class weomp. floris_interface.WCompFloris (input_file: str | Path)
3 135 . | ‘API Dagumentation ~ WCompFioris implements the wcomp interface to the FLORIS software. The [source]
=@ 136 classDiagram ) weomp.base_interface connection points to FLORIS are shown in the diagram below.
137 class FlorisInterface |wcomp.ﬂnﬂs,imenzce
o 138 class WCompFloris { weomp.foxes_interface T
Bo 139 fi : FlorisInterface weomp.pywake_interface
140 florisTdict : dict weomp.output_struct fi: Florisinterface
A 141 hub_height wiarp Tty floris_dict : dict
142 rotor_diameter P = hub_height
143 yaw_angles : ndarray « - rotor_diameter
By AEP() e
145 _create_floris_dict(windIO_wes_dict: dict)
146 } AEP()
600 147 _create._floris_dict(windIO_wes_dict: dict)
148 WCompFloris ——x FlorisInterface
149 wan
150 LINE_PLOT_COLOR = "green"
151 LINE_PLOT_MARKER = "" | —
® 12 et mesae - !
153 LINE_PLOT_LINEWIDTH = 2 input_file (str | Path) --
{"}2 154 LEGEND = "Floris"
@ 1 LINE_PLOT_COLOR = ‘green’
- % main+ & @0A10®37 WO GitGraph LF {3 Python 3.12.1 (wcomp':conda) & A 37Spell 0Q

NREL
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In Practice: pyreverse

https://pylint.readthedocs.io/en/latest/pyreverse.html

eoe I3 ~— -bash — X381

[(floris) >>mbp@~ $ pyreverse -—help
usage: pyreverse [options]

eeoe M- < B8 @& pylint.readthedocs.io/en/latest/pyreverse.html ¢, ©®© t +

Pylint 3.3.0-dev0
documentation Pyreverse

Create UML diagrams for classes and modules in <packages>.

a pyreverse analyzes your source code and generates package and class diagrams. showlthisihelpine ssagelandlexit

It supports output to .dot /.gv, .puml/.plantuml (PlantUML) and .mmd/.html (MermaidJS) file Pyreverse:
i formats. If Graphviz (or the dot command) is installed, all output formats supported by Graphviz Brro GerD FEVEKRD G BinenE (6 (YO0 GRS

can be used as well. In this case, pyreverse first generates a temporary .gv file, which is then fed
USER GUIDE to Graphviz to generate the final image. ——filter-mode <mode>, —f <mode>

filter attributes and functions according to <mode>. Correct modes are : 'PUB_ONLY' filter all non public attributes
Installation e . [DEFAULT], equivalent to PRIVATE+SPECIAL_A 'ALL' no filter 'SPECIAL' filter Python special functions except constructor
Usage . Running Pyreverse 'OTHER! filter protected and private attributes (default: PUB_ONLY)
--class <class>, -c <class>
Messages b Torun pyreverse, use: create a class diagram with all classes related to <class>; this uses by default the options -ASmy (default: [1)
Configuration < —-show-ancestors <ancestor>, -a <ancestor>
pyreverse [options] <packages> show <ancestor> generations of ancestor classes not in <projects> (default: None)

Checkers v all-ancestors, -A show all ancestors off all classes in <projects> (default: None)

show-associated <association_level>, -s <association_level>
show <association_level> levels of associated classes not in <projects> (default: None)
—--all-associated, -S show recursively all associated off all associated classes (default: None)

<packages> can also be a single Python module. To see a fulllist of the available options, run:
DEVELOPER GUIDE

APl v pyreverse -h

show-builtin, include builtin objects in representation of classes (default: False)
How To Guides v show-stdlib, -L include standard library objects in representation of classes (default: False)
—-module-names <y or n>, -m <y or n>
echilcal keieiance v Example Output include module name in representation of classes (default: None)
Contributing to pylint v E le di ith th P h | only-classnames,
xample diagrams generated with the [,punt] output format are shown below. don't show attributes and methods in the class boxes; this disables —f values (default: False)
. no-standalone only show nodes with connections (default: False)
ACDITIONAL TOOLS Class Diagram output <format>, -o <format>
Pyreverse create a *.<format> output file if format is available. Available formats are: dot, puml, plantuml, mmd, html. Any

©Du$cmeﬂ|mg other format will be tried to create by means of the 'dot' command line tool, which requires a graphviz installation.

S I
ymiar @nu"um‘nt_,' @nomngzl @e..swmmm.onl oy Oponaliey (default: dot)
E | | my_int_2 - Optonaint colorized Use colored output. Classes/modules of the same package get the same color. (default: False)

my_string - str
craneeLoe ’ ’ Y [ max-color-depth <depth>
3.x v — Use separate colors up to package depth of <depth> (default: 2)
——color-palette <colorl,color2,...>

B v (elation  felation2 Comma separated list of colors to use (default: ('#77AADD', '#99DDFF', '#44BB99', '#BBCC33', '#AAAABQ', '#EEDDSS',
s v '#EE8866', '#FFAABB', '#DDDDDD'))

@Spemhmm ignore <file[,file...]>
0x v — Files or directories to be skipped. They should be base names, not paths. (default: ('CVS',))

cls_member | jation --project <project name>, -p <project name>
SUPPORT relation2 set the project name. (default: )

el AR EIat e st ——output-directory <nutput_directory>,_—d <output_directory>
set the output directory path. (default: )
Contact —-source-roots <path>[,<path>...]
Add paths to the list of the source roots. Supports globbing patterns. The source root is an absolute path or a path
(©) Ancestor relative to the current working directory used to determine a package namespace for modules located under the source
attr - str root. (default: ())
cls_member --verbose Makes pyreverse more verbose/talkative. Mostly useful for debugging. (default: False)
tailscale setvouey (floris) >>mbp@~
set value(value)
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https://pylint.readthedocs.io/en/latest/pyreverse.html

In Practice: pyreverse

Static analysis of Python source code to generate package and class diagrams

ece M- < rafmudat github.opwcomp/architecture fml ¢ ©hd + 0
= oLIm
weomp . .
Architecture and Design
Q searen
weonp a modle of
W ,and
& Code File FEdit Selecon View Go Run Terminal Window Help = <) 3 ®E T Q B Wedun5 1117AM gy wake modling Each wake modeling software that
Pastiboard in the dataset of
e 0o mo
Torqus 2024 - 1 turpine weonp
0 - 5 (which mocdules import which other modues).
Torque 2024 - 4 tine

OPEN EDITORS FLORIS FOXES PyWake

GROUP 1 Architocture and Design
X £ packages.mmd

GROUP 2

Mermaid Editor Preview

FLORIS d o Turbine Input File
= = - Reference
.github

Theory and Backoround £ i
Wake Models v

‘This s the user interface. Most operations at the user level will happen through floris . This

package contains a wide variety of functionalty including but not limited to:

Bibliography

Developer Reference
* Initializing and driving a simulation with floris_nodel

Dsislopstis.ons * Wake field visualization through flow_visualization
Architecture and + Yaw and layout optimization in (GEEIN BRI efined in an abstract base class

Design
+ Wind data handiing in wind_data
Code Qualty
AP Documentation
floris.core |
Examples
Example 1: Opening This s the core simulation package. This should primarily be used within floris.core and floris ,
INAL FLORIS and Computing and user scripts generally won't interact directly with this package.
Power
(floris) (floris) cd floris/core/ e i
ke_turbulence (floris) (floris) 1s esdbat
init__.py grid.py M
wake_velocity - — 9 amy ind Data e |
Y rotor_velocity.py wake.py Example 3 Wind Dat P
__init__.py base. py flow_fiel solver.py Objects ]
base.py (floris) (floris) ! pyreverse . —output mmd Example 4: Set
Analy 32 modules with a total of 64 imports - ok Citing A s )
(floris) (floris) >>mbpe m Tubineand FarmPoner | [ [armem|  [on e
Example 6: Getting v oot ) o
Evpected Power and
field.py L3 makecombinaton. ahetetiectin WokeTutnsence Wakevetocty
grid.py Example 7: Sweeping weoss|  [nciamind| ottt | o | oo e | punsees o
Varibles = = B B
Example : Uncertain Previous
Models < Devel )

Example 9: Compare i
farm power with By National Renewable Energy Laboratory

ootimization neighboring farm © Copyright 2023,
OUTLINE

TIMELINE

1 main® < 0 5 Git Graph @ 2 ermaid  mermaid version:10.9.0
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In Practice: AppMap

£ ~/Development/floris — -bash

appmap.io/product/appmap-in-the-code-editor 5 B g n rpwy
G (LTI 1emeode © (floris_appmap) (base) >>mbp@~/Development/floris (main *$)$ appmap-python --record tests pytest tests/core_unit_test.py -k test_init

test session starts
To access the latest features update your code editor plugin. VS Code >= 0.119.3 and JetBrains >= 0.67.2 platform darwin —— Python 3.10.13, pytest-8.2.2, pluggy-1.5.8
rootdir: /Users/rmudafor/Development/floris
configfile: pyproject.toml

A AppMap NavieAl ~  AppMap ¥  AppMapinCl ~  Docs Resources ¥ Pricing Get AppMap plugins: appmap-2.0.6
collected 4 items / 3 deselected / 1 selected

tests/core_unit_test.py . [100%]

1 passed, 3 deselected in 0.15s

Code File Edit Selection Run  Terminal Window Help @ P 2 ® @) 3 BB T Q B Wedwnb 11:54AM

E v Navie > appmap > pytest > 1) test_initappmap.so
® ArpMap Frm——

@ logger > B Logoevice >

_ Navie uses AppMap data to
o) - o - APPMAP RECORDING INSTRUGTIONS
© ; e “ e I
bt s 2 3 @ Record AppMaps. -] test_in:
Logger:: sovone st
Ask AppMap Navie Al PACKACES

- () fron_dict
() fron_sict
farsicors

APPMAP DATA .
foris Rorscorergd 0.0358ms

Loop (3 times 0.111ms
An open source personal observability platform. ¥ (A " [m—
wiee o1 it 8
P—
I floris/type_dec.

Get AppMap -

2023-09-15

2:32:44 -0400 (-] fron_gict

Loop [ 2 times 0.00572ms

core_uni tost
— floris_array_converter

fam

famiFam
-
logging mansger
Tusine
Tubineia

comvert to_pah 1] fron_gict
fors_amay_converter &
Loop (3 times 0.00426ms
s nummeri. it converter
RUNTIME ANALYSIS floris_array_converter
> cope oBuECTS o i testast it )
—— farm:FarmAconstuct hub ekt
0 G oraph



https://appmap.io/product/appmap-in-the-code-editor

Summary

1. Read this book 2. Use these tools 3. Directly communicate
your software design

«l nterfac:\

Solver

| Covers through Version 2.0 OMG UML Standard & |

UML DISTILLED QO @

THIRD EDITION ®

A BRIEF GUIDE TO THE STANDARD

OBJECT MODELING LANGUAGE lintin g pyIi nt

«interface»
«interface»
FlowField WakeModelManager
Grid
ar! u: NDArrayFloat combination_model: BaseModel
_ - 5 x: NDArrayFloat
Forewords by Cris v: NDArrayFloat deflecti BaseModel

Ivar Jacobson, and y: NDArrayFloat

w: NDArrayFloat velocity_ seModel
z: NDArrayFloat

—
parameters: dict

turbulence_model: BaseModel

5g0cH |
] JACOBSOK BaseModel
l RHHBHUG“ @Xy@ @ m prepare_function() : dict
AR\

S e sorrems (S /— function() : None
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Stepping out to the big picture

Simplicity

3 elements used to
create 3 spaces

] o
co ey g

2 |

D ol 7 8 1

6 8 1

3 12
Kam
(=] “
Complexity created through Complexity created through
excessive agglomeration informed simplicity
12 elements required to 3 elements combined to
create 12 spaces create 12 spaces

101 Things I Learned in Architecture School
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