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Combining performance, flexibility,
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= Six rules of the processing game

= Overview of IGeoS (SIA) system

= Examples of USArray data handling
= Homework

= Appendix: topics not covered today

Examples are provided and also available from
http://seisweb.usask.ca/igeos/pubs/USArray2009


http://seisweb.usask.ca/igeos/pubs/USArray2009

Rule #1: Make processing

reproducible

= Design your processing to be easily repeatable
In 10 years

= Use batch flows
= Use self-documentation
= Maintain the software



Rule #2: Separate “processing”

from “programming”

= Not all good geophysicists are good
programmers

= Good code requires a lot of specialized effort

= Data organization may become daunting when
hardwired In code

= Code becomes not portable



Rule #3: Use “software system”

= Combination of many simple components

= “User” focuses on data an tool interactions, not code
= New code can benefit many tasks

= Little duplication of coding

= High code reuse and chance for spotting problems

= Common parameterization — easy to learn
= Example: “sia job_name” — the only command | ever use
= Software maintained In consistent manner

= “sia-update -build <item>" - the only command needed to
compile anything
= Many library classes readily available

= Documentation and test examples
" http://seisweb.usask.ca/igeos/index



http://seisweb.usask.ca/igeos/index

Rule #4: Think “process”

“Data access,” “filtering,” “modeling,” “inversion”
are all special cases of “processing”

= Use maximum (reasonable) data abstraction

“Processing” Is just using a combination of tools
to achieve a certain result

= To produce data files, images, publications,
Interaction with the user, etc.

= If we learn to manage complex “processes,” we can
probably solve any problem

= Note that the success of UNIX Is due to a similar
abstraction 6



Rule #5: Make redundant effort

= Generalize tasks to help with other tasks in the
future

= For example, when reading a file:

= think of reading many files at once
= think of using UNIX pipeline filters.

= Use flexible parameterization (trace headers,
databases)

= This requires a lot of additional effort initially,
but eventually magnifies the ability to handle
data



Rule #6: Utilize powerful external

applications

= SQL databases

= GMT (Generic Mapping Tools)

= PVM (Parallel Virtual Machine)

= OpenGL (open graphical modeling library)

= Qt (probably the most powerful cross-platform
C++ graphics library and IDE)



Challenge

= Obeying these rules is not so easy
= |t requires years of consistent development
= It requires a group of developers



= You have learned about the “traditional” (UNIX
shell), “database-driven,” and “reflection
processing” approaches

= Which of them can incorporate the other two?
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= You have learned about the “traditional” (UNIX
shell), “database-driven,” and “reflection
processing” approaches

= Which of them can incorporate the other two?

= “Commercial Reflection,” because it allows
building custom executables for each
processing task

= But only if we generalize it to “academic” research
problems
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|IGeoS system

= http://seisweb.usask.ca/igeos

= Used in all applications | have encountered so far

= GPR, hi-res, reflection 2D/3D/4D, wide-angle, nuclear-
explosion, earthquake, real-time seismic data

= Field quality control and processing

= Largest to date 3D survey with over 600
PASSAL “Texans” deployed dalily

= Potential-field and non-geophysical applications

= Over 250 plug-in tools

= Now, principally a framework for code
development, reuse and maintenance

12
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Long-range PNE projects in U.S.S.R.

22 PNEs

600 chemical
explosions
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= Note: controlled-source projects are not always small and simple!
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Learn from seismic industry

= Modern datasets:
= 3D, 4D
= 3C (three-component)
= > 30,000 recording channels per shot

= ~20,000 shots per survey
= Culture of digital data analysis
= Culture of software development
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|IGeoS History

= QOver 15 years of intensive development

= Originally a replacement for DISCO (now
Echos) reflection processing package

= Started as a multicomponent wide-angle seismic
Interface for DISCO on VAX

= Still supports DISCO job scripts
= Much more general data and processing models

= Formerly called “SIA” (this name still mostly
used inside)

16



= Basic seismic processing (like Seismic Unix)

= Synthetic waveform modeling (1D/2D/3D)

= 2D ray tracing (including Receiver Functions!)

= Migration (2D and 3D RF), Q tomography

= Well-log package

= Potential-field package

= Visualization system (3D, OpenGL)

= Real-time data system

= Web services

= Code-development collaboration system 1



Traditional seismic processing

model

= The tools are connected by “data files” or “pipes” of
some common format

= Data are fed in through an “input” and discarded on
exit

= Examples: SAC, Seismic UNIX, ProMAX, DISCO

Sequential
Input Data processing steps

0 *04
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IGeoS processing model

= Instead of “pushing” trace data through, try “pulling”
some kind of general “result” from the end

= There may not be any seismic traces in the flow!

Structured multicomponent “trace gathers”

Job Monitor,
Graphical
Interface,
3D OpenGL
Graphics

f

~ L.

/‘//

| /
S Additional = —
gathers (data buffers) pu— Other objects
S \_ (velocity models,
- tt curves,
graphics, etc.) 19

Database tables (travel times,
velocity and gravity models)




Seismic traces In |GeoS

= Arbitrary user-defined headers (as in ProMAX)

= Headers are very extensively used in tool
parameterization

= Variable time starts and sampling

= Multicomponent (can also represent data grids
for potential-field work or multiple well logs)

= Automatically arranged in multicomponent
“ensembles” and “gathers”

= This makes coding multicomponent applications
easy

20



“Datasets”

“Dataset” in IGeoS can be anything that can fetch
“seismic” traces

Formats are resolved individually

Examples:

One or many files (e.g., SAC/*/*.SAC_ASC.gz)
File directory trees (as in PASSCAL data)

Linear series of files with (optionally) restricted sizes
(e.qg., filel.sia, file2.sia,...)

Database file indexes
Trace buffers stored in memory
UNIX pipes, Internet connections

Combination of other datasets !



Tool interactions

All tools reside in common address space (like in
ProMAX but not SAC or SU)

Any tool can talk to any other

In most cases, a tool simply passes trace objects to
the next tool when they are ready

= Can pass them backward, discard or create
No notion of input tools (unlike ProMAX, SAC, or SU)

Tools can work without any 'traces' at all
Some tools can provide “functions” to the user

= Example: tool “refmod” computes IASP91
travel times broadly used in our exercises 2



Portability

= Originally developed on Vax, Sun (Solaris), SGI (IRIX),
and IBM servers

= Now mostly Linux

= Mandrake, Mandriva, Fedora, Red Hat Enterprise,
SUSE, Ubuntu

= Laptops, workstations, clusters, field boxes
= Darwin (on your iMacs)

= With GNU compilers, portability does not seem to be a
problem

= |ts own build system
= Auto-detection and self-testing
= Type sia-update —test .modules on your iMac *



Collaboration

= We all have to develop new code when working
on new problems

= |GeoS system has an automatic code updater
from multiple repositories

= Almost like yum or apt-get

= Works from source code

= |f someone develops a new tool, it automatically
becomes available to everyone

= Example: IGeoS distribution on
http://seisweb.usask.ca is a demo data
processor and code distributor

= Type sia-install - --redo agc on your iMac 2«


http://seisweb.usask.ca/

Code update dialog in the GUI

o
L i L Selecting code
TestServer ~  |;etpgichubak.ca - -
University of Saskatchewan hitp:[/selsweb.wsask.ca re pOS|t0r|eS
Add I Delete I Save I Cancel I
Selecting o - Update STA
COmponentS {o Item Previous Version | New Version | Sourca
B age 2006.3 2006.4 http:/fchubak.ca
Upaate. = | o2 oo 20062 hupyjseisweb.usask.ca
These can be @ pickfb  2006.0 2006.1 http://seisweb.usask.ca
M .source 2006.0 2006.1 http://chubak.ca
i _mOdUIeS’ E xviewer 2006.0 2006.2 http: //seisweb.usask.ca
libraries, demo
 Select Al Update | cancel

examples, etc.
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Today's exercises

= USArray data handling using 1GeoS

= Reformatting and organizing data
Using SQL databases

Extracting events, corridors, and other data subsets
= Gathering, sorting, component rotations
Creating maps and record-section plots

Using SOD-like capability and web service for “data
mining”
= 1D synthetic waveform modeling example

= Using parallel computation

26



Using batch processing

= You can start the entire processing described
here in one command:

source breq fast.sh;
source prepare db.sh;
source events.sh;
source process.sh;
source sod.sh;

source web.sh;

source synthetic.sh;

= ... and go to the library' for a few hours.

27
! 'Library' is a bar on the University of Wyoming campus



Example #1: getting data from IRIS

= Look into breq_fast.sh:

= request.job creates breqg_fast requests for emailing
to IRIS

= rdseed.job uses rdseed to break SEED into many
SAC files

= Use gzipped ASCII SAC - it is more compact
than binary SAC and platform-independent!

28



Example #2: populating your

database

= Look into prepare_db.sh:

= make_tables.job creates all database tables

= read_sac.job reads in gzipped SAC files, collects
metadata from them, writes waveforms and
database out

= Note that it won't fail with “Arguments too
long” with too many SAC files

= However, you don't want the output
waveform files to get too big — hence save
one year at a time

= edit_tables.job and connect_waveforms.job perform
QC and final tuning of the database 2



Example #3: extracting event

windows

= Look into events.sh:

= event-gather.job extracts time gates for a specified
arrival and collects them in a separate file

= Note the built-in IASP91 travel-time calculator
(tool refmod) to which you can add your
custom “arrivals”, like Lg

= Note the horizontal component rotation (tool
rotate)

= event_gathers.job queries the db for all ~400
events and collects gathers for each of them

= This takes 4 — 18 hours on our machines

30



Example #4: working with the

database

= Look into process.sh:

= show_db.job shows how to make arbitrary db calls
and view results

= extract-waveforms.job gets all ~60,000 waveforms
In the processing flow, so that you can try doing
various things with them

= make_corridor.job creates “station corridors” along
the specified paths and saves them in db tables

= Various list-*.job's show how to list various items by
creating empty data traces and using the normal
trace-handling machinery

31



Example #5: making maps using GMT

= Look into process.sh:

= An easy general approach is to generate a
synthetic trace for each item you want to plot and
make It print headers in a file

= This is not the only way; there also is a direct
GMT interface (modules image, gmt,
graphic)
= Several map-*.job's show how to obtain various

subsets from the database and plot their
coordinates

= map-event.job shows how to plot stations that have
recorded a selected arrival from any event %



Example #6: plotting time sections

= Look again into process.sh:

= An easy general approach is to generate a
synthetic trace for each item you want to plot and
make It print headers in a file

= Several map-*.job's show how to obtain various
subsets from the db and plot their coordinates

= map-event.job shows how to plot stations that have
recorded a selected arrival from any event

33



Data access

= Can we solve the problem of data access from
a remote data source in principle (so that no other
mechanism would need to be developed)?

34



Data access

= Can we solve the problem of data access from
a remote data source in principle (so that no other
mechanism would need to be developed)?

= Yes, if we learn to do two things:

= Deploy our own processing onto the server
= Retrieve data files/streams from it

35



Data access

= Can we solve the problem of data access from
a remote data source in principle (so that no other
mechanism would need to be developed)?

= Yes, If we learn to do two things:

= Deploy our own processing onto the server
= Retrieve data files/streams from it

= Then:

= User can entirely control the result. Pre-processing
(e.g., QC, filtering, rotation, RF deconvolution, can be
done on the server)

= Data center staff involvement is minimized
= Internet traffic Is minimized

36



Example #7: SOD-like data access

= Look Into sod.sh:

= sod-list.job generates SQL queries based on user's
specifications of event and station ranges,
distances and azimuths

= It generates an “anchor trace” for each
available time window and lists its attributes

= Saves the results in text files

= |t again creates maps of events, stations, and
raypaths — just In case you may need them

= sod.job also actually retrieves the requested
waveforms and saves them in files

37



Example #8: web service

* Problem:

= | have an exactly the same package plus another
dataset named USArray installed on
seisweb.usask.ca

= We now want to execute some processing with this
dataset and obtain some data from it

= We will implement this via a web (HTTP)
connection

= Think of this as doing processing on a data center's
computer

= Look into web.sh



Example #8: web service (cont)

= Look into web.sh:

several web-info-*.job obtain general settings of the
server

= Names, directories available
= Usage examples for various tools

web-flow-usage.job gives a usage example of one
of the installed jobs

web-flow-exec.job executes a remote job with your
parameters and retrieves results (files)

web-flow-send.job send your job to the server and
executes it there

= Think of this as the “SOD” job above »



Example #9: Modeling

= Modeling is another type of “processing” which
may require special resources

= Through the web-service capabillity, you could use
someone else's super-computer

= Look into synthetic.sh:

= reflect-synthetic.job performs 1D “reflectivity”
modeling of 3-component seismograms in a layered
Earth model

40



Conclusions

= Process-oriented approach allows solving most
earthqguake data-handling problems

= Uniform approach to data access, processing,
modeling, and inversion

= Fully reproducible, self-documented processing

= USArray data handling tasks are feasible on
common hardware

= A large software system suitable for passive
and active-source seismology Is available

= With web collaboration, sharing data and
computer resources Is practical a



Homework for tomorrow

= Assume that the dataset shown in class contains all of the
available data for the ~400 stations in western U.S. (not
just selected event windows)

= Propose a sequence of operations needed to construct the
“noise” cross-correlation for one selected station with all
others

= Sketch a pseudo-code (‘generate anchor trace', 'ask the
database for time windows','for each database response,
do...", etc.)

= Note that tool sgstack (“shot-gather stack”) discussed in event-
gather.job might be helpful here

= Think of optimizing the process by selecting only a range of
group velocities between the stations

= Think of excluding some strong known arrivals (e.g, P, S) *



Appendix:
topics not covered today



Web service
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= This Is how this web service looks in the GUI
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Graphical User Interface

File Edit Window Help
|
| = .
Clear Completed |I i :)14% IGeﬂeral (2D data processimng La) Ll
Gravity: Process on neva General IGenem! Geometry | Input/Output I Migration | Multicomponent processing I Other applications I Plotting I Sort I Stacking | Text prepocess « | >
Plot test: Process on neva —
* Count _I

List trace headers
* Graphical User Interface ‘D

Set flow attributes
Prints tables

List headers

Trace header math
Delete trace headers

r math mle?

Flow parameter math
Rename trace headers or tahles

LR B B ]

Stop processing
Force variable length traces (obsoleie)

-

2l
LIST MODULE __ TRASH : : VY M = E3
Name I Description | : 3.4 ¥ Show Defauilts
B IMAGE @
-~ 3insertm Insert module ’ grmodZ_test
- Sinsertlis§ Insert list ; :
Sinsertpars Insern parameter ...
- attrb sets line attributes.
contour Sets parameters ...
contset Sets contour par...
—edit interactive editing.
- noclip No clipping.
- noedit No editing.

Adds a text strin...
Sets map project...
Draw time stamp...
Sets the plot title...

- comment
=-graph. elements
- objects
#-ranges

- styles
=-transforms

‘Observed aravity
Residual gravity

4] ) = A | NPT \ =l
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File Help

DA 9

Object

=- [ trace-image

[Tl trace-section

Property
Time start
Time end
+Time scale
Wiggles
Var. intensity
Gain

Bias

Clip

Timing line
Wiggle line
Positive fill
Megative fill
Fill palette

trace-image

Value
0.0
1900.0
(0.0,-0.0,0.0)
Wigagle/va -
Amplitude -
0.1
0.0
20.0
default -
wiggle-line -
pos-fill -

neg-fill ~

t[ms

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

L]
700 800 Q00 X [m] *
{(-50.55,0.66)
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10N (early attempt)
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Crossline end
Inline end

Line palette
Depth scalar
Crossline end

Fill palette
Time st

Gridding

Time start
Inline end

Fill style

Editable

3D reflect




" | slA viewer on localhost.localdomain

File Help

DR ?

Object

=- ] im-section
=
Fl pal-raycodes
E pal-vp
Fl pal-vs

= F im-ttimes
F pal-arrivals
F] TT unnamed

Property Value

Paint Vp w7
Palette-Vp gmt_split |~
Palette-Vs bugr v
Palette-Qp bugr w7
Palette-Qs bugr ~
Palette-Rho  |bugr =
Layers I-layers -
Columns l-columns -
Contours l-contour -
Reflectors default -
Refl-float default =
Cells-vert default -
Cells-diag default =
Cells-horiz default =
Show rays All =
Rays forward

Rays reverse |default ~7
Delay times | |-tau -
Ray pal. use X

Ray palette  bugr -
Sources m-sources |~
Tau velocity 5.7
Edit and trace X

Bottom Vp 8.0
Bottom Vs 4.6

pal-vs

1=

40
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Trace rays

Reload

Save

Up Vs

—..
3.5

—— 4.9 7.8

Print

(311.25,52.58)
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‘.. IGeoS on localhost.localdomain: Esterhazy event Dec 23, 2007 (mb 3.2)
File Help

D rQ ?

Station SKBG; Also see http://fearthguakescanada.nrcan.gc.ca/recent_eq/2007/20071223.1554.06/ index_e.php
2007/12/23 15:55:30; Amplitude scale: 246.2

Channel 5 Lg Rg

SHZ WWWWMWWW‘J‘ sttt st et
SHE

SHM

1.0 50 100 150 200 250 300 Sec !

traces.1 (180.03,1.07)




Real-time d lsplay (early attempt)

= Image: trace-image A .
: ¢ R ESBEU h_nw.hWJ'LfrJU_UA_MU*VJTUHU@W_M  ji00
- spectra.0
- ¥ traces.0

SR YT _unvﬂuﬂvhuﬁvnvnunununun W

e gl Mnﬁr'mnW
L =0 LS “-"L['l."k”"

Emﬁvmﬁ___mﬁ_mun

6000 oo ) b roallean o 7000

Time start 0.0 = - - i W TR Tu ""|L|'|h|‘|.' IR
Time end 1000.0
_.Time scale (0.0,0.0,0.0) s = .
X 0.0 ' i ' . ™
Y 0.0 ' ‘ i
Z 0.0 ' h g ' ¥ |
Wiggles MNone i

& & s

-

Var. intensity Amplitude =

Gain 1.0
Bias 0.0
Clip 5.0
Timing line default bl
Wiggle line wiggle-line =
Positive fill .trace-pus-ﬁll -
Megative fill trace-neg-fill
Fill palette .GMT_hc:r hd As. 100

7060.0

Next trace Restart input

| Image: trace-dmage: (-0.0,0.7) sc: (0.00,0.00,1.00)



:: SIA viewer on localhost.localdomain

Eile Help

ALAS

Depth (km)
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2

SIA processing service on seisweb.usask.ca

User: Cls_nser calling from 24.66.94.141; Job: CG_demo
Job camgua | Log Ble

P‘:r:'.riouﬂf_ stored reslte for CG_usrr

What thiz serwer doeg | e

See also: ZLA code mantenance Jervice

Sat, Oer 22 2005, 2226
Copynght L Maorozew, 2003
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] B Rt yew Fpodes ek peb i
= - n) ) ] A B R
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# Faramsters are =stored as text strings ('lat’ and *lon' below).
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» Paraceters: 45 -101

LatLon=(45,000000,-101,000000) -> Zone: 1477, EastngM orthing=
(353714364587 5429163 .695534)
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