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Motivation

e Traditional LIGO modeling activities
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Models developed for each task when needed

There are some completed, and are used for design and
diagnostics

No code compatibility between different models
Hard to expand

Hard to simulate new components

Suffer overhead penalty using high level language

e End to End model
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A model which includes all important subsystems, so
same codes are used for all simulations

Time domain model to simulate LIGO as close as
possible \

Easy to expand and to simulate new components by using
object oriented design

In-house developed code for optimization for LIGO

Easy to use by adopting two-layer programming - no C++
knowledge needed to use the program

Too later for the design of LIGO
Diagnostics of LIGO .
Design tool and trade study of future design

LIGO™ :
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Substances

PSL

SEI
—
\
L e e e e e e —
All Subsystems Control and Monitoring System
I Mechanical interfaces % 1| Optical interfaces Electrical interfaces
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End to End model

simulation engine

o Adlib - “Adlib, digital instrument builder” by M.
Evans of Caltech

e Time domain - digitized time evolution

e Written in C++ ( g++ & motif )

e Object Oriented, modular and expandable
e Primitive modules
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mirrors

propagators

short cavities for fast simulation

field source

sideband generator and phase modulator
demodulator

digital filter

math routines

\

e Two layer structure - no G++ knowledge needed

e Speed optimization - no penalty using upper
layer

o Alfi

&

- GUI to build the (sub)systems to simulate
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Examples
how to build (sub)systems using Alfi - GUI of E2E

Ivfi chelson

One way propagator



Examples
OOP / Modularity

Phase modulator . Summation Cavity
: ( primitive )




Program structure
a.la. Matlab dedicated for LIGO

F—————-—_——— — — — —_—_-— = - - - - - A
lAdd_Submodules { digital_filter dfl

re - T T T digital_filter df2 } :
| Setting dfl { pole = -1} |
| Setting df2 { pole = -2} |
|
|

| User Interface |

| Add_Connection { input->dfl; df1->df2;
| df2->output;}

I
|
I
I
|| Alfi - Graphical |
I
I
I
I

.......................................................................

Simulation Run

Time series Spectrum Custom

data generator Analyzer Program

l—> output |—> output l—> output

.........................................................................

| Build programs, general purpose or dedicated |

Lower Layer written in C++

A Time evolution loop Application Framework
input output
Interaction with users, Assemble
Adlib | | system from the description file,
codes

time evolution

Adlib
| t | Object Oriented Simulation Engine
A : Digitized time evolution
DF FP mirror propagator mirror e .
Digital Filter, Optics Modules, ...
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Modeling Works

e Adlib - simulation engine development

»> Improvement of the speed
»> New capabilities
»>» Improve GUI

e Primitive module development - C++

»> Optics with alignment

»> Very fast simulation of steady state optics system
»> Non linear systems

»> Time series of seismic motion from data file

e Compound module development - GUI

»> Construction of subsystems
— SUS/SEI
— PSL
— ASC/LSC
— etc. etc. etc.

»> Data Analysis probe
e Analysis
»> a.la. SMAC / MMAC

»> Trade study . |
»> Data analysis using the pseudo data
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Current Status

”

 Simulation Engine close to release

>> Program and syntax design almost done

»> Implementation almost done

»> Many primitive modules almost done

»> Extensive module validation needed

»> Alignment in optics now being implemented

e GUI to construct the system to simulate

»> Alfi first version released
»> Updated to improve the usability and stability
s> Future - runtime control and data visualization

e LIGO module development

»> Just starting
— Lots of work to create the system description files
— Create primitive modules when needed
— Validations

»> Core optics will be ready by summer
>> Seismic Isolation and Suspension modeling started

e Documentation

»> see next
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Documentation

N

e Documentation just started
e Core documents

»> Overview of End-to-End Model
— outline, roadmap, examples, quick reference
- ready in a month

»> Organization of End-to-End model
»> Code Reference for End-to-End Model
»> Physics of End-to-End Model

e Supplements
»> Alfi - the GUI of the End-to-End model
e Code reference

» DOC++
»> Embed comments in the header file
»> HTML or LaTex documents

e On-line documents
»> e2e web home page
»> pdf version of core documents

»> core reference by DOC++
»> - relevant manuals - e.g., DOC+%

LIGO® 10
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