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What is in the box?
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One-liner perspectives on MsPASS




Design Goals
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~« Many one-up solutions

‘Can assume users are specialists
and life-long learners

« Data highly variable (one person’s
signal is another’s noise)




MsPASS is NOT
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Seismic Reflection Workflow model

Example: seismic unix

Illustrates traditional
model

Key point is data flow
through processors

Processors read input,
modify it, and emit
output

Read

Bandpass

# real examples would add arguments for parameters

subfilt < mydata | sunmo | sumute | suxwig
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MongoDB

Docker or Singularity container
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MsPASS Parallelization: map-reduce model

Key points

* Map operator
» Behaves like a unix
filter
» Scheduler assigns
each datum to
processes
» Reduce operator

« Data flow
» Parallel pipeline
» Conceptually similar
to unix shell | symbol
* Scheduler moves data
» Faster for threads
than nodes



Spark RDD == Dask bag

« Documentation for both Spark
and Dask obscure this topic

« RDD/bag concepts

« Algorithmically identical to a large
array of things (objects)

« Workers can pull any component in
equal time

* The collection of things (data set)
may not fit in memory
» Other parallel containers
« Dataframe (table)
» Array (matrix bigger than memory)




Comparison of serial and parallel workflows

Serial

cursor = db.wf_Seismogram.find({})
for doc in cursor:
d = db.read_data(doc,collection=“wf_Seismogram”)
d = signals.detrend(d,’demean’)
d = signals.filter(d,”bandbass”,
fregmin=0.01,fregmax=2.0)
d = WindowData(d,200.0,500.0,t0shift=d.t0)
db.save_data(d,collection="wf_Seismogram”,
data_tag=“results”)

Parallel (Dask)

cursor = db.wf_Seismogram.find({})

data = read_distributed_data(db, cursor)

data = data.map(signals.detrend,'demean’)

data = data.map(signals.filter,"bandpass”,

fregmin=0.01, fregmax=2.0)

# windowing is relative to start time. 300 s window

starting at d.t0+200

data = data.map(lambda d : WindowData(d, 200.0,

500.0, tOshift=d.t0))

res = data.map(db.save_data,
collection="wf_Seismogram”,data_tag="“results”)

data_out = data.compute()

Key point: loop processing easily translated to series of map operators
Result acts like: demean < datafile | filter > outfile



Database Overview




Header or Database: a 40+ yr long debate

Headers (e.g. SAC) Relational DBMS

Strengths  Strengths
- Simple conceptual  Easier to maintain metadata
model==Simple API attributes
» Lightning fast metadata attribute « Extensible metadata namespace
access L Weak
» Fixed namespace reduces e
complexity » Conceptual model much more
Weak complex
= _ - Today all transactions are VERY
* Repairing headers requires slow compared to computational
reading entire data set speeds

» Fixed, limited attribute
namespace




L /f?gépython dictionary container
nstration with a jupyter notebook

MongoDB - what is it?
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MongoDB collection MsPASS Data Object Container

————|r——==n

{ “npts” : 1024,
“t0” : 601489897876697.89,
“Sta” : “AAK”
”chan” : “BHZ”

{ “npts” : 1024,
“t0” : 601489897876684.24,
“Sta” : “BZN”

| | |
| | |
| | |
| | |
| | |
»chan” : “BHZ” | I (UW) I
| | |
| | |
| | |
| | |

For geeky details see: Conventional MsPASS Feature

https://www.mspass.org/user_manual/data_object_desig
n_concepts.html#




MongoDB Storage

Atomic Data Object

wi_TimeSeries
or
wi_Seismogram

\ ~collection
Generalized

Time Series
Sample Data
T ps : GRIDFS

Data Storage
or
File System ‘/ Seismogram)
Storage

Metadata

‘Processing History: - \




Docker
Practical Details

 Solution for python package « Our container uses MongoDB set
collisions up with Ubuntu as base

 Allows MsPASS to run on any « We extend the base with Dask,
platform supporting docker Spark, and Jupyter

« Avoids open source complexities « We extend the base container_
to build from source code (binary with MsPASS code base (including
distribution) obspy) and a few other smaller

» Easy entry point for cloud -

computing - you can just run on « Support intel and new mac
AWS hardward (armé64)



Abstraction: Virtual Cluster

start-mspass.sh
(Bourne shell script)

Example:

* 6 workers
* 6 processor “cluster” A 1. | | |Role: orker

« 3 physical “nodes” Foe R || A
Expandable to as many
nodes/cores as available
Docker is the enabling
technology for our

Cluster LAN
approach

|:| Physical machine

+ Virtual machine (container)



Desktop: abstracted as one worker cluster

Single Node or Desktop System

. Docker container

Loopback network

Abstracted as one
worker cluster
Worker can use
multiple cores
The 4 “roles” are
background
processes in the
same container



References:

 User manual

o github site
» Source code for entire package
« Discussion pages
 |ssues pages

 Tutorial github repository of Jupyter notebooks

* Publication in SRL
« SCOPED docker repository

Cite this article as Wang, Y.,
G. L. Pavlis, W. Yang, and J. Ma (2021).
MsPASS: A Data Management and

Processing Framework for Seismology,
Seismol. Res. Lett. 93, 426-434,
doi: 10.1785/0220210182.



https://www.mspass.org/
https://github.com/mspass-team/mspass
https://github.com/mspass-team/mspass_tutorial
https://github.com/orgs/SeisSCOPED/packages




Starting Points
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ed before parallel
///////////s. ng became mainstream

S // ma can be changed but is
ex1ble

‘/ T he AP is horribly complex (e.g,
- how many 0’s for dblookup?)

« Asimple “find” is hard
» Platform portability limits
« Documentation



MsPASS design leans on Antelope and other
seismology software development history

MongoDB, like Datascope, can be easily maintained without a DB admin
Worked hard to simplify APl as much as possible

Leading edge but not bleeding edge components (The lesson of CORBA)
Make it work before you make it fast - not Enterprise software

Militantly object-oriented design
« Essential to separate API from implementation details
» Well matched to python
» More maintainable

Documentation viewed as critical
» User manual
» Python API - sphynx generated docstrings (similar to obspy)
» C++ code base - doxygen generated pages
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https://github.com/mspass-team/mspass/blob/master/python/mspasspy/preprocessing/css30/dbarrival.py
https://github.com/pavlis/parallel_pwmig/blob/master/python/pwmigpy/db/datascope.py
https://github.com/pavlis/parallel_pwmig/blob/master/data/pf/AntelopeDatabase.pf

Normalization
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https://www.mspass.org/user_manual/normalization.html

ldea: Antelope as transfer middleware
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This Photo by Unknown Author is licensed
under CC BY


https://www.flickr.com/photos/piro007/10457232636/
https://creativecommons.org/licenses/by/3.0/

Discussion:
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SPASS could be an aid in network operations?
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