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Workflow

subprocess

def af):
'Ca-l.-l.("a"_}

def h[.}:
call{"b")

def C{.}:
call{"c")

al);
b();

cl);
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subprocess
def a():

Ca'l_'l_(llall}
def b():

Ca'l_'l_(llhll}

IjIE-IF C(.}:
Callﬂ"c"}

aResult = a();

aResult:
b();

c();
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Workflow
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Workflow

subprocess call
multiprocessing Process

al):
call{"a")

def b{):
call{"b")

def c():
call{"c")

def d{):
call{"d")

def el):
call{"e")

def ():
call({"f")

aResult = a();

aResult:
b();

Process(target=d)
.start()
Process(target=e)
.start()
.join()
.join({)

f();
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Workflow

subprocess call
multiprocessing Process

Run only.c
al): .
call("a") machi

def b{):
call{"b")

def c():
call{"c")

def d{): .
i) Run only on machi

ne
o ; :
— v

call("f") nly on

aResult = a(); \ “ maChlne 3
aResult: ' '

b();
c();

pl = Process(targe
pl.start()
p2 = Process(target=e)

p2.start()
pl.join{)
p2.join({)

f();
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Workflow

subprocess call
multiprocessing Process

Run only.c
al): .
call("a") machi

def b{):
call{"b")

def c():
call{"c")

def d{): . Jr—
call("d") Run only on machine I 1
def e(): /
call("e")
call(*f") S | 1 nly on
aResult = a(); \ “ maChlne 3
aResult: ' -
b(); ! : AND...
cO): o _— | only want a maximum of 5 of these processe

o1 - Process(targe running at any one time.
pl.start()

p2 = Process(target=e)

p2.start()

pl.join{)

p2.join({)
f();
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Workflow

subprocess call
multiprocessing Process R un on |y O
def a(): i
e machi

def b{):
call{"b")

def c():
call{"c")

def d{): .
i) Run only on machin

e
def e({:{" " / ‘ ‘
— v

call("f") nly on

aResult = a(); . ! mach|ne3
aResult: ' ! L\

b(); - _ AND-—

c(); -
pl = Process(target=d) ' - '

pl.start() R =<

g T o {| | MEANT TO SAY “4”. Can we
1.join() : i . _

p2. join() Z PN 1} make that change right now?
£); #\without restarting things, or

updating code?
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Workflow

TP

| WISH | WAS
THE ONE

IWHO WROTE

b THIS CODE
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Points to Consider

 How to do orchestration?
e Transparent and visible process model
e Agile process development/modification

 Distributed processing
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Overview

What is the Common Workflow Service (CWS)?

A standards based Business Process Management
(BPM) solution for executing and managing mission
operations processes.
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What is the CLibrary of Common Tasks
ommon Workflow Service (CWS)?

A standards based Business Process Management
(BPM) solution for executing and managing mission
operations processes.

CWS =
BPM Engine (Camunda BPM)
+

Customized BPMN 2.0 Modeler
+

Monitoring and Management Web Applications (CWS + Camunda)

*AEEIicabIe to Elanetarx and science SDS Erocessing EiEeIines= and many other use cases
CWS Overview 12
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The standard: BPMN 2.0

Business Process Model and Notation (BPMN) 2.0

Graphical Semantic Process
Model BPMN 2.0 Execution
XML File

e <Tared version " L0" exgodivg - UTF-A"Y>
<bprond definstioes oo >
<hpezed peccow 18- "Prodcis |7 vEamulible "™
J =t servie Task id-"Servic Tk 47
crmtunds Cass iplows ek Credl e Tak "

=erme-"Bald Aschive™>

+ <Aperdencomeg=Sapene Flow Bobpond inomrming
<Berreed cuigoing *SocumccFlow 10 prend. outgmng>
[ =] [ § <hyrrend servaoe Task>

[ —

<hpenl sequesceFlow id-"SequesccFlow _1IF

- N rane - ™ wreroeRel - "Service Tk &
L.,.,/ ugeifel "Erlfven 1">
¥
——

<ol enndEvest o8- "EralEven) |
<ol ancomeg S aguone Flow 10 Spenel aoc ooy
+_ <Bgemeloncomnep>Soguenne Flow | 1<bponl isooceng™>
L

< hptenl el Evesl>

<byreneali BEMNDiagrass ol - "BAMNDugran "> ..

re

Tizuns BPMSDiaeuns
< bl delizitioen>

Ti
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The standard: BPMN 2.0

Participants

Subprocesses
® ©® ® ®
Subprocess Call Activity | SLE;cmEess | Transaction
[ [
Tasks
S ® (= ® (5 ® (M (]
Service Task User Task Script Task BJSi'-'.IE’:;kRUIC
® (= ® ) ®
Manual Task Receive Task Undefined Task Send Task ?;gzvn%;‘:j';
Gateways Data Artifacts

X O
XOR OR

@

Event

Pictures from open source Camunda BPM reference guide

AND

<|_>®

Data
Object

S
p—
———

Data
Store

Text
Annotation

(https://docs.camunda.org/manual/7.5/reference/bpmn20/)

Type

Mone

Message

Timer

Conditional

Link

Signal

Escalation

Termination

Compensation

Cancel

Multiple

Multiple
Parallel
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Overview

USER

CWS Eclipse CWS Web

Modeler Console External Initiator

| DATABASE |

| CWS “Worker” 1 |

SCALING of
1-to-many
workers
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Modeling a Process Definition

CWS Eclipse
Modeler

L deep_dive_lstereo L deep_dive_inverter_process | daep_dive_mask i PRoVIDE_pipeline

= p-
“MarmCanyTask
+
ol =}

=

Design  Source

= Properties &1

B] Service Task "feed rstereo”

ry
output
Fieid Injections. o

Extensions
Ingut/Outout
Connector INPUT PARAMETERS:

(eoth stdout and stderr from the command-line program)

Command Line Exscution ..oy B ${oubinirad ViC S{initiatorsDir)rstereo/input/irad MIC

produces...
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Creating a Process Definition

Process Modeler GUI — drag and drop process modeling

8.n.n Resource - /demo/398f_pres.bpmn - Eclipse Platform - (Users/. /G "

L3 ek sl | |= s £ | L Resararce

5 Mavigator 52 = B nmsi_edrgen_proc | inverter_proces [ rad_correction i
- 3

5 invertes_srocess
Invertes_pracess,
&l ma_edrgan_process. bpmn
| msi_edrgen_process.pe
5 print_env.npesn
print_gnv.png
i radt_corraction_process. bomn
rad_correction_process.png
&) ract_carrection_strerch_peoce:
ract_porrection_stretch_proce:
D% _Stors
1] progect
L derea
#) preject
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demaz.png
8 hellawaria. Eama
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—+ Unnamed Sequence Flow iy
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Lo Connectors.
5 Tasks
Task

W Manual Task
1 User Task
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5 script Task

B Buniness Rule Task

oo @lQAAGRALS
Catewars

L= Events

Start Dvent
) End Byent

Throw Evens
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Dafinibians

L EWS Tasks
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#y Bow Un
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() send Email

g sicen

tasks

Gtrue’ o axitCode is oo of the Success Dxit Valoes)

stelost

Csbout Treen the eammant-line program)
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Estderr from she command-line program)

outau

Chath stdout and stdors fram the command-fine program)

INPUT PARAMETERS:

Cammand

s fiocal (B -alpha

CWS-proﬁic
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v =,

led

[?xml version="1.8" encoding="UTF-§"7>
<bpmn2:definitions xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance” xmlns:bpnn2="http://wew.omg.org/spec/BPMN/ 201
<bpmn2:process id="Process_1" iskxecutable="false"s
<bpmn2:serviceTask id="ServicelTask_2" camunda:class="jpl.cws.task.(mdlineExecTask” name="Execute Program 8"
<bpmn?:extensionElementss
<camunda: field expression="true" name="throwOnfailures"/»
<camunda: field expression="false"” name="throwOnTruncatedVariable"/s
<camunda: field expression="ABORT_PROCESS® name="onPrelonditionfail"/>
<camunda: field nome="cmdline"s
<camunda: expressions/usr/local/bin/b -beta</camunda:expressions
</camunda: fields>
</bpmn2:extensionElements>
<bpmn2:incoming=SequenceFlow_2</bpmn2:incomings
<bpmn?:outgoing>SequenceFlow_3</bpmn2:outgoing>
</bpmn2: serviceTasks
<bpmn2: sequenceFlow id="Sequenceflow_3"
<bpmn2 :endEvent id="EndEvent_1"s
<bpmn?:incoming=SequenceFlow_4</bpmn2:incoming>
</bpmn2: endEvent>
<bpmn2:startEvent id="StortEvent_1"-
<bpmn2:outgoing=SequenceFlow_l</bpmn2:outgoings
</bpmn2: startEvents
<bpmn2:sequenceflow id="SequenceFlow_1" nome="" sourceRef="StartEvent_1" targetRef="ServiceTask_1"/>
<bpmn2:serviceTask id="Servicelask_1" camunda:class="jpl.cws.task.(mdlineExecTask” name="Execute Program 4"
<bpmn?:extensionElementss
<camunda: field expression="true” naome="throwOnfailures"/»
<camunda: field expression="false"” name="throwOnTruncatedVariable"/>
<camunda: field expression="ABORT_PROCESS" name="onPrelonditionfail "/
<camunda: field nome="cmdline"s
<camunda: expressions=/usr/local/bin/a -alpha</camunda: expressions
</camunda: fields
</bpmn2 :extensionElements>
<bpmn?:incoming>SequenceFlow_1</bpmn2:incoming>
<bpmn2: outgoing=SequenceFlow_2</bpmn2 :outgoings
</bpmn2: serviceTask>
<bpmn?2:sequenceflow id="SequenceFlow_2" nome="" sourceRef="ServiceTask_1" torgetRef="ServiceTask_2"/>
<bpmn2:serviceTask 1d="ServicelTask_3" camunda:class="jpl.cws.task.(mdlLineExecTask"” name="Execute Program (">
<bpmn?:extensionElementss
<camunda: field expression="true” name="throwOnfailures"/>
<camunda: field expression="false"” name="throwOnTruncatedVariable"/s
<camunda: field expression="ABORT_PROCESS" name="onPre(onditionfail"/=

name="" sourceRef="ServiceTask_2" torgetRef="ServiceTask_3"/>

CWS Overview
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Deploying a Process Definition

CWS Web
Console

Daploy a process definition:

S

Deployed Process Definitions
Sastus Refresh Rate 5 seconds -
Name 3 K H Status? Instance Statistics

o PENGing: O, running: 0, completed: 4. failed: 0,

acsge  Pending: O, running 0, completed: . failed
o Poning: 0. running: 08 failod: 0, toiled-start 0
pending: 0. running: 0, completed: 2. failed: 0, failed-start: 0
pending: 0. running: 0, completed: £, fafled: 0, start: 0
ponding: 0, running: 0, completed: 4. fallod: 0, failed-start: §

ponding: 0. running: 0, completed: 3, falled: 0, tolled-start: 0

deop_dive_riterst ponding: 0, running: 0, completed 3. failed: 0, -atart:

CWS Overview
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Deploying a Process Definition

Choose BPMN model file from filesystem

CWS Web
Console

S

Deployed Process Definitions
Sunus Aetresh Rate 5 seconds Hide Al Suspeeded Procesess

% Instance Statistics
pending: 0. running: 0, completed: 4, falled: 0, alled-atart: 0

pending: 0, running: 0, completed: 4, falled: 2, tniled-start: 0
ponding: C. running: 0 failod: 0, toiled-start 0
" pending: 0. running: 0, completed: 2. failed: 0, failed-start: 0
pending: 0. running: 0, completed: 4, failed: 0, failed-start: 0

ponsding: 0. running: 0, completed: 4. fallod: 0, failed-start: 0

panding: 0. running: 0, completed 3. failed 0, tailed-start 0

CWS Overview 19
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Deploying a Process Definition

Click on Deploy button

CWS Web
Console

Daploy a process definition:

S

Deployed Process Definitions

Sttus Asfresh Rate § seconds

s Status? Instance Statistics

acoes  PENding: O, running: 0, completed 4, failed: 0, t

ponding: 0, running: 0, completed 3, failed: 0, failed-atart: 0

CWS Overview
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Deploying a Process Definition

Process Definition is now deployed

CWS Web
Console

Daploy a process definition:

S

Deployed Process Definitions

Sttus Asfresh Rate § seconds

ponding: 0, running: 0, completed 3, failed: 0, failed-atart: 0

CWS Overview
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Workers

| CWS “Worker” 1 |
Workers ready to
SCALING of

1-to-many run some processes
workers

CWS Overview
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Workers

| CWS “Worker” 1 |
Workers ready to
SCALING of

1-to-many run some processes
workers
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Process Initiation

How does a process start?

CWS Overview
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Process Initiation

Process initiation can occur in a multitude of ways...

CWS Overview
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Process Initiation

Process initiation can occur in a multitude of ways...

External Initiator

CWS Overview
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Process Initiation

External Initiator

CWS Overview
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Process Initiation

External Initiator

Custom internal Initiator

CWS Overview
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Process Initiation

External Initiator

database

CWS Overview
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Process Initiation

External Initiator

Custom internal Initiator
=

database message
broker

CWS Overview
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Process Initiation

External Initiator

Custom internal Initiator
- I

database message Web service
broker

CWS Overview
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Process Initiation

External Initiator

Custom internal Initiator

i
o .l “ e

database message Web service
broker

CWS Overview
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Process Initiation

8 Process initiation can occur in a multitude of ways...
USER

External Initiator

Custom internal Initiator

i
—] .l ) e

database message Web service
broker

CWS Overview
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L
=

M

& Process Monitoring and Management &2

CWS Web
Console

CWS Overview
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Deploying and Executing Process

(+]

€ C @ hrtps:yiows 1 JoLnasa gov: 38443 ows-ul/deployments

S ... o
- r——— the web based console
Log Deployed Process Definitions
e Status Refresh Rate 5 seconds ¥ for ok st
Configurstion
Documsreatian Totals:

pending: 65, running: 0, completsd: 370376, failed: 23, tallod-start: 16

@00 | Cmmgon » [cwsion x| NewTsn x| Xoeequrenen s |G dypopeomn x| Bemurante: x| Noawwoscan x =] €
Name % Key % Versiort Workers Status $ Instance Statistics & & C [ hitps://mipldeviinux?.jpl.nasa.qov-8443 jcamunda/app/tasklist (Gefault/#] B Y@ & =
s il [E) _—
Commenacheprmnmt 3 Start a process Search by process name, case semsitive
SincloTaat 0 s 1 e
Lo " panding: £, running. 0. compieted: 2. falled: 0. fabed-start: 2
SimpieTest_1D4 SimpieTest_ID4 1 m wive  peess e O Click e the prrescess b start,
- . 2 . pending: 0. running 0, completed: &, falled: 0, faked-start: 2
SmpiTest 105 B R R ] Geomei Correation Process
" " panding: X7, 0, completed: 16, falied: 0, falled-atert 3
SimpleTest_IDE SimpleTest D6 1 BN o e Group 398F Sample Process
SimpioTeat 107 st o 3 [ e Inverter process
SimpleTest_IDB SimpleTest_ID8 1 view active _‘" e e e e MSL EDR Generation Process
CommandUineProcess  SimpleTest_|D 1 m active  DN0G: 6, running: O, completed: 2. falled: O tuled-start: 4 Radiomatric Correction Process
s ]
" Radiometric Correction With Strefch Process
Trigger_ID1 Trigger 1 = active

can be done through the web
console as well**

** Typical process executions are triggered
automatically via event listeners

CWS Overview 35



MULTIMISSION GROUND SYSTEM & SERVICES OFFICE, INTERPLANETARY NETWORK DIRECTORATE

Monitoring and Management

806 [ cws/ews x % camunda Cockpit | Dasho: %

« (& https:/ /mipldevlinux7.jpl.nasa.gov:9443/camunda/app/cockpit/default/#/dashboard

b
&

»
m

munda cockpit

)
»

Name Running Instances State
Geometric Correction Process 0
Group 398F Sample Process 0
Inverter Process 0
MSL EDR Generation Process 0
Radiometric Correction Process 0
o

Radiometric Correction With Stretch Process

Deployed Processes (Icons)

Geometric Correction Proc... Group 398F Sample Process Inverter Process

O

— ez DLt

o e}
Running Instances: 0 . Running Instances: 0 . Running Instances: 0 .

MSL EDR Generation Proces... Radiometric Correction Pr... Radiometric Correction Wi...

%PEM

O— "wz*‘ ——{g O O— -Fx'v?w,,‘ _,{m o)

o

Running Instances: 0 . Running Instances: 0 . Running Instances: 0 .

Powered by camunda BPM / v7.2.0
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Monitoring and Management

Home » Another Failing Process

Version 1

Running Instances

£

» of the selected version: 4

« of all versions. 4 Service Task ¢_
i O - | Select a filter swivent o i inemedisls Thnos Evocd -
Instance / -
. Incident =
counter i
indicator
Process Instances Called Process Delinitions Job Definitions
State ID Start Time Business KEF
@ ~10a5-1 2015-06-12T11:28:00
® 5 2015-06-12T11:28:00
State Activity Type Configuration Action
Active Service Task async-continuation async-before n
Active Intermediate Timer Event timer-intermediate-transition DATE: 2011-03-11T12:13:14 "
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User Tasks

Order approved?

% 8" Yes ’8‘

I ey
Persist Order Approve Order Prepare Pizza —DO

Order received Pizza prepared
©
Send Rejection
Email
Order rejected
scamunda fasklist OcCreatetask BlsStartprocess LfLdemo A~
© Create a filter = created v © == . Add comment ©
6 warch For Tac .
My Tasks - Assign Approver
50 invoice Receipt
Assign Approver =
Set follow-up date n M sdd grou m m
My Group Tasks lvoice Receipt A hin3days ¥ dd groups 2 Demo Demo X
W& minutes ago M Form History Diagram Description
A in 3 days
Accognting Invelce Amount: Involce Numb!
30€ GP N “4ho should approve this invoice?
v Filter
Jonnl Tasks results Shox
Assign Approver miGreat Pizza for Everyone Inc.
1 Invoice Receipt s
Filters P iitihg Task view
A & minutes ago A Demo Demo
A in 3days 30€
Involce Amount: Invoice Number: Invoice Number
30€ GPFE-23232323
Peter's Tasks = GPFE-23232323
=0 Approver:
Assign Approver m
All Tasks
— Invojce Receipe Who should approve this invoice? ——
N 9 minutes ago A Demo Demo

A in3days L Complete
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User Tasks

Contextual information about User Task...

- cc1mundc1 TC]SklIST O Create task [E Startprocess  CWS 2 Galen A Hollins Hallins ¢ ~
© Create a filter = Created v © == 7 Add Comment @
z Search for Tasks UserTask 2
My Tasks —
5o deep_dive_|sterec_nonlin_disp
UserTask_2 _
' L B8 Set follow-up date A Set due date i Add groups & Galen A Hollins H... %
deep_dive_lstereo_nonlin_disp
M a minute ago A Galen A Hollins H... Form Histary Diagram Description
o 50
UserTask 2 B
deep_dive lsterec_nonlin_disp O_'
M a minute ago A Galen A Hollins H...
50
Test task
A a minute ago A Galen A Hollins H... sttop st

GenGispartylecs

G

MarsFakeOisn

MarsUrlireanize
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P D E I Jet Propulsion Laboratory
X a.l I l p e California Institute of Technology

Mars 2020 Project
From concept...
Data Validation
;
g Tool .
Data Integrity Product Generation
’
Comparator
. ]

Instrument
Operations Mission Staging Area Data Transport Metadata Extraction

VM Cluster
Resource Pool

rsync

PDS Operations
Archive

Data Processing Search Ingestion

UPC i
Search Service

A

Tracking

MAP2

Atlas
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X a.l I l p e California Institute of Technology

Mars 2020 Project

To reality:

Data Validation
H
. o Product
- Data Integrity H Generation
= - |
= - o
L - < -
Enter Inputs for "-—-".
Mission Release Data TrANSpam  feersersssnimnsnnanenns .......................... PP Eﬁ:ﬂfﬁ

New Data Detected H

Archive Staging

()

Mission Staging Opermtions Archive Operations Search

——
ﬁ ............................. Data Procassing

£t}

8 [

il al
Finalize Release Chack Process

QOperations
Deployment

Push to NSSDC Search Ingestion

H H

=)
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X a.l I l p e California Institute of Technology

Mars 2020 Project

(zoomed in):

Data Validation

Data Validation for
edr

Data Validation for
rdr

Y

Data Integrity H Product Generation

Data Integrity Script Product Generation

Script
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Process execution and more...

CWS is more than just the execution of a workflow
Covers the entire process life cycle:

« Definition of a process model

 Deployment

e Initiation

 Execution

* Monitoring and Control

« Management

 Manual (User) Tasks

« Updates to and Re-deployment of process model
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CWS Features Summary

Process Execution Engine
« BPMN 2.0 execution engine
* Orchestration of automated tasks AND user tasks

Drag and Drop Process Modeler
* Library of Common Tasks

Human/User Task Management
» Handles life cycle of human tasks (assigning, claiming, completing, etc...)

Distributed and Load Balanced
» Execution of processes can be distributed across computing nodes/workers

Event-based Process Initiation
» Plug-in architecture where custom event listeners can be implemented and plugged-in.

Web-based Control and Management Interface

Security Features
* Pluggable authentication model
* Rule based authorization
» Secured connections
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@/ Software Design Approach

1. Adhere to current BPM industry standards
e BPMN2.0

2. Leverage existing BPMS solutions
e Investigated open-source solutions.
e Selected Camunda BPM (http://camunda.org)

3. The design must be flexible to support a wide variety of use

cases
. Scalable architecture to allow for use cases with different
performance requirements
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CWS Technology Stack

Front End

. Bootstrap, jQuery

. Freemarker (templating engine)
. Angular.js (Camunda apps)

. Javascript / CSS /HTML

Back End
. Web Container: Apache Tomcat

Core Service Code:
» Java (portable to any platform)
* Spring Framework (contexts, MVC, JMS, JDBC, etc..)
* Other various open source Java libraries

. BPMN Engine and apps: Camunda BPM

. Database: MySQL

. Messaging: Apache ActiveMQ

. Log Gathering / Searching: LogStash / ElasticSearch

. Other: various shell scripts

CWS Overview

46



MULTIMISSION GROUND SYSTEM & SERVICES OFFICE, INTERPLANETARY NETWORK DIRECTORATE

Software Development Process
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Cloud Demo
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Demo
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Questions/Comments
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Contact Info

Galen Hollins (CWS Task Lead / Developer)
Galen.A.Hollins@jpl.nasa.qov

Jim Wood (CWS Developer)
James.F.Wood@jpl.nasa.gov

Adrian Tinio (MGSS IDS System Engineer)
Adrian.W.Tinio@ijpl.nasa.gov

CWS Wiki
http://goto.|pl.nasa.gov/cws
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