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Session Goals

Collect a set of best practices for leveraging digital engineering to improve
decision making on ground system architectures

Key Questions:

What is the state-of-practice in your organization?
What is the scope of use in your organization?

What are major challenges to adoption and application? How are these challenges
addressed?

What are effective and ineffective practices to enable a digital transformation?
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Session Goals

Context: Enabling Digital Transformation

* An integrated digital approach that
uses authoritative sources of system
data and models as a continuum
across disciplines to support life cycle

activities from concept through |
disposal [DoD DE Strategy, 2018]. i i“‘"“ “ IHI"‘H'"NI ” ” H I

Leverage innovative technologies to

Develop and use infrastructure,

Provide training to transform
organizational culture and workforce
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Presenters/Panelists

* Presenters

— Theresa Beech, NASA Goddard Space Flight Center, “Working Group F Case Study:
GMSEC Model-Based Systems Engineering (MBSE) and Ground Systems”

— Slides in Appendix A
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Key Points

» Providing views of a model for stakeholder » Adopt model-view-controller pattern where views
consumption instead of complete model details are projected from the model to meet stakeholder
needs

I Leverage innovative technologies to improve practice ‘

» Lack of understanding for what the new * Provide training to improve awareness and
technologies are (e.g. DevSecOps, agile) understanding of new technologies

| . = I

» Existence and use of an authoritative source of » Help organizations identify the set of data that
truth (ASOT) is counter to organizational culture they cannot live without

 Lack of understanding for what constitutes an * Provide data store with common access across
ASOT stakeholders
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Key Points

Automation stability requires effort
* Tool interoperability
* Vendor tool lock-in
* Cost of vendor tools

Provide opportunities for team members with less
experience to use tools
* Reduce need for tool interoperability by using less tools
* Follow tool interoperability standards

+ |dentifying a multi-functional tool that does everything * Have tools that are capable of interoperability (e.g. plugins
» Language specification standards are implemented to other tools or by default)
differently across tool vendors * Implement tool transformations
» Tool usage is incompatible with organization processes * Try tools in expected operating environment before
committing
l Transform organizational culture and workforce J

» Learning curve on new approaches to
leverage technologies

« Effort and time to train

+ Ineffective documentation for training

» Conducting current work while adopting
new technologies

Working Group F

Provision the time to do the training

Create documentation that meets needs of developers and external
stakeholder needs

Express the value of change in terms of what stakeholders care about
Develop process improvement plans along with engineering plans
Implement transformation incrementally

Influence the right people



Conclusions

Challenges to adopt and use tools continue to dominate discussions around
digital transformation in ground systems

Transformation of organizational culture still has considerable challenges, but
there are practices that are considered which could assist progress

Observed less on improving decision making relative to improving traceability of
information and access to relevant information
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Appendix A: GMSEC Case Study Presentation




National Aeronautics and Space Administration

SOFTWARE
ENGINEERING
D IVIS| _

Workmg Group F Cas GMSEC

Model-Based Systems En\'g‘ ermg gl\BSE) . ,
and Ground Systems

This material is a declared work of the U.S. government and is not subject to copyright protection
in the United States. Published by The Aerospace Corporation with permission.

www.nasa.gov eering Division | sed.gsfc.nasa.gov
|



National Aeronautics and Space Administration

What is GMSEC (Goddard Mission Services
Evolution Center)?
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GMSEC & Model Based Systems
Engineering (MBSE)

* What do we mean by MBSE?

— S = Systems, not software (SW) specifically

= How do we use MBSE?

— A methodology to help us develop Ground System
(G/S) SW which meets the NASA process reqs (NPR)

— Major axes: i
» Coding
o Testing Automate, automate, automate...
» Tracing =— Pick tools well...

Document generation
Requirements (reqs)
Design

Communicate, communicate, communicate...

—
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Component Process Flow:
Reqs — Code — Test — Docs Generated

New Req Independent
Test Validation
-
9
| s ¢ [ il
ER — Coding —> Robot Test — Merge Request
/ 0
. s
— Code Review , O
Jira: Ticket system :
Git: Development environment \Ai
‘3 Robot: Framework that supports automatic
@) component testing of Java applications Merge Code
(@l Jenkins: Orchestrates Continuous Integration
mll & Automation Process l
Gradle: Automation tool for building the SW Run Test
IzPack: Packages SW for deployment
* §® ©
% v S
- Auto Docs i
Release Candidate « . “ Nightrun Testing
Generated
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Automated Nightrun Testing

Wed 06/10/2020 04:44 AM

noreply@jenkins.gsfc.nasa.gov

SWE-062
SWE-186
SWE-191

GMSEC Components

Mortam, Rhea K. (GSFC-583.0)[ASRC FEDERAL SPACE & DEFENSE, INC.]; M Beech, Theresa W
Knizhnik, Jessica R. L. (GSFC-5810)

GMSEC Nightly Run Results

SUCCESSFUL: Job 'ansr[115]":

To

%cousole output at "ansr{115]" -
SUCCESSFUL: Job 'cat[14]"
Check console output at "cat[14]"
SUCCESSFUL: Job 'ec[113]" & New ltem —
Check console output at "cc[113]" ‘ People CERES || GMSEC | SC || +
Wed 06/10/2020 07:30 AM = Build History Name | Last Success Last Failure Last Duration #lssu
. 1 ", >
gsfe-580-nightrun@ SUCCESSFUL: Job 'cts[112]": 4 days 14 hr-
2020-06-10 Nightrun re Check console output at "cts[112]" Projca RENGRNSIE hr-#15 0 53 min @ .
To Beech, Theresa W. (GSFC-5830) : Fe <
Cc I Whitney, David M. (GSFC-583.0)[8 SUCCESSFUL: Job 'event-analyzer[102]" . e O cal 13hr-#14 R wee “D )
' ' ‘ Check console output at "event-afialyzer[102]" - . 22 days - _
a 2020-06-10T11-30-03_full.csv : N) e 1Shr-#13 g, 9 min 17 sec @ -
Zk8 SUCCESSFUL: Job 'evént-archy iz o M cores A A A
RUN 12773 Check console outpuit at "event 00 4 Credentials
> 22 days - .
PASS 12443 . ts 12 hr - #112 12 min g) -
New View u c #90 2
FAL 12 = =
EXCUSE 314 Fe ’ . 1yr12mo- ) <
MISFIRE - q @ DemoHPEJenkins N/A #7 3 min 38 sec @ -
NOFILE 0 Bulld Queve - h DSM-SBN N/A N/A N/A
TIMEQUT 1dsi E—
No builds in the queue.
CTHER © < iknofificati thr-gg MO0 gpmn §)
emall-notimncations r- #77 r min v -
Build Executor Status = -
by host: “ email_test 10mo-#1  NA 0.15 sec e -
= master -
8s580s-gul864 ) ik eventanalzer 19 e #qnp 22 days - 24 oo Fos

at 2020-06-09T20-08-28
RUN=4070 PASS=3904 FAIL=1 EXCUSE=104 MISFIRE=1 NOFILE=0 TIMEOUT=0 OTHER=0

gs580s-gw10x64
at 2020-06-09T19-42-41
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Bidirectional Traceability & Test Report
Test ID & GEDAT Report Test Report

Summary Information

Status: All tests passed
al I l‘ ! Version: 32

Elapsed Time: 00:16:31.727
Log File: log_html

Test Details

ags Suites Search

| GEDAT GEDAT T0001 v|

9 critical test, 9 passed, 0 failed
9 test total, 9 passed, 0 failed

Objective: Test Statistics

= Tests the tree-table display of expired heartbeats

T N y Total Statistics ¢+ Total + Pass + Fail ¢+ Elapse: Pass | Fail
= Tests timing settings of the heartbeat monitor. Critical Tests 95 95 0 00:155q | m—
= Tests auto expansion of error nodes. All Tests. 95 95 0 001558 | —
Requirements: 3.1.2.17, 3.1.2.18, 3.1.3.1 Statistics by Tag ¢ Total + Pass ¢ Fail Pass / Fail

Start / End Time: 202000864 0206608 02:52:24 626
Elapsed Time: 00:00:52.855
Log File: log htmi#s1-s1

GEDAT_SRS_3.1.1.6
GEDAT_SRS_3.1.1.7
GEDAT_SR$_3.1.1.9
GEDAT_SRS_3.1.1§f6

00:00:36
00:00:36

[ RINYNN
[N
o oo

GEDAT.GEDAT Tooo1. Test Startup

cepar.cepar Toot. Test Inspect Tree View GEDAT_SRS_3.1.3.1, GEDAT_SRS_3.1.3.2,

GEDAT_SRS_38.2
GEDAT_SRS_3.1.3.1, GEDAT_SRS_3.1.3,

Test
Status

cepar.cepar Toot. Test Inspect Table Structure

GEDAT. GEDAT To0o1 . Test Tree View Update GEDAT_SRS_ 31115 yes

cepar .cepaT Toot. Test Inspect Component
Status View Update

cepar .cepar Toon. Test Update Heartbeat
Timeout Period

Requirement(s)

GEDAT_SRS_3.1.18, GEDAT_SRS_3.1.2.17 yes

GEDAT . GEDAT Tooo1. Test Inspect Update Wit
Compeonent Failure

Searc
Name: GEDAT_SRS 3116 v

Tags Suites
GEDAT . GEDAT To0o1. Test Terminate GED,

Status: 1 total, 1 passed, 0 failed
Total Time: 00:00:01.099 y
Name $ x Documentation Tags

GEar. ceDaT Tooo7 . Test Verify Clock View GEDAT_SRS_3.1.1.6, GEDAT SRS _3.8.3
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National Aeronautics and Space Administration

Automated Document Generation: VDD & readme

30f142 A v

GMSEC GEDAT / GEDAT-4903
*O C2MS Compliance: ensure C2CX messages have correct subject and contents

#Edt  QComment Assign More v ToDo InProgress Workflow v <& Export v

Type: ement Status: O Orsborne, Sharon A.
Priority: 4 Routine (View Workflow) (GSFC-5830)

Resolution: Done Assign to me

Fix Version/s: 32 Bugenhagen, John L.
Labels: None #

(GSFC-5830)
Sprint GEDAT 3.2 Sprint 1
Votes:

i 0 Vote for this issue
Watchers 1 Start watching this issue
v Description
C2CX message structures were flattened. Change component accc

= Remove C2CX-SUBTYPE field,
N L}
= Remove same element from the subject, and -
[]

= MESSAGE-SUBTYPE value should NOT be C2CX. It should b

Build Information 4—— Jira and Confluence
ii Tasks

AsciiDoctor —> HTML Output
Task

termediate
AscliDoc

Document Marker
Template le Task

Features Delivered

This section lists the features deliversd in this version of the sofiware and the corresponding requirsments satisfled by each fearure

Table 1. Tabla ERs Mavkad az Done

Key BT

GEDAT-4903 C2MS Complisnce: ensure C2CX messages have corvect subject and contents

GEDAT-1001 €2MS Compliance: Ensure REQ and RESP d 5 contain quired REQUES

GEDAT-1900 = = - OO | heade Geld

GEDAT4$99 €2MS Compliance: As a convenience to customers, supply s “vanills' CIMS configurstion file

GEDAT-1596 Support subseription exclision

Planned Features Absent from this Version

[This section lists the features originally planned for this version tha are not ineluded. For each undelivered featre, an explanation i given as to why the feature was not delivered, along with a list of the requirements affected by the feature omission and the

revised delivery date

NASA Goddard Space Flight Center | Softwar{««: m« s winm~
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What about Design & Requirements?
2 Approaches started with 2 Pilot Projects

* THE TRIGGER: Design & Requirements <~ Code

— QA audit non-compliance

* Team discussions
— Can we ignore this? What do we want to do? From nothing to ...??
— How to make it useful for us? Old vs. new developments
— How to minimize the “check the box” cost?

— Heated discussions with SW Process
Improvement team listening in

— Informal briefings to eng mgmt

= Approach decided upon:

— Two pilot projects:
* MagicDraw

« plantUML

...said no engineer ever....
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Result: Going Forward w/Both Approaches

Is this a
new/significant
development?

YES NO: older, stable component, the API
MagicDraw plantUML

* Decision Factors
v" Developer buy-in
v’ Sustainability:
» Ease of use, few tools increase adherence to process
» Must not be burdensome for developers or a drag on productivity
v Usefulness (based on software stage and life cycle)
v Satisfy QA requirements

NASA Goddard Space Flight Center | Software Engineering Division | sed.gsfc.nasa.gov 17
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Requirements: Always in MagicDraw

Everything starts with the requirements which are stored in MagicDraw....

1.3.5.2. The GSS Chart Widget shall allow the user to limit the number of points displayed
in the plot area of the chart by a time span in hours and minutes.

1.3.5.3. When the limit is reached, the GSS Chart Widget shall drop the oldest point from
the display of the chart.

1.3.6. The GSS Chart Widget shall allow the user to clear the plot area of the chart.
1.4. The GSS shall provide the user with a Gountdown Clock widget.
1.4.1. The GSS Countdown Clock widget shall display the current time

1.4.2. The GSS Countdown Clock widget shall allow the user to customize the clock format
and time zone

1.4.3. The GSS Countdown Clock widget shall display the time left until the beginning of an
event

1.4.4. The GSS Countdown Clock widget shall provide the user with two different views:

1.4.4.1. The Next Pass View shall display countdowns to the nearest future event in
multiple groups.

1.4.4.2. The Event Countdown View shall display all known upcoming events ordered by
event start times.

1.4.5. The GSS Countdown Clock widget shall allow the user to choose which columns are
displayed in the event list

System

Requirements are housed in
MagicDraw for both approaches

requirements are traced to components

1.45.1. The { - fz Requirements X 4 b3 R RTM X 4 b B £ SystemRequirements [Read-Only] X
146.The GSSC 7 iPn [ = AddNew ™ Add Nested == Add Existing... T Delete i & (W Delete hd igeigy ? P LR i AddNew T Add Nested = - i TigM i
field. Criteria
Excel Import Status: [7] New [] Updated [7] Obsolete [ Unchanged Legend
1461 The (— ‘ o ‘ e /7 Refine . y Scope (optional): Filter: | /™
articular— = =
pa - 05 The GSS user interface shall have the ~ E B-[e Text
T oot following structure: e General Requirements
9% 1211121 The GSS shall have a login page Functional Requirements
07 [® 6551.12.1.1 1.12.1.1 e lly display no GMSEC System shall enable inter-application communication
GMSEC System shall enable inter-application communication among
98 [ Gssti2.12 14247 | 1helogin page shall nof be accessible by 4 two or more GMSEC implementations
a logged in user e P
The login nage shall naviaate to the home pe 5 GMSEC System shall provide an API that normalizes common
99 [® GS51.12.1.3 1.12.1.3 poge gin p2g 9 - message-oriented middleware interfaces
— 0] P GMSEC System shall define capabilities of compliant GMSEC
100 12.2 1.12.2 The GSS shall have a home page 5 5 15 B [®] GSRr3.1.4 3.1.4 components
Before logging in, the home page shall —
101 " € i 3 P GMSEC System components shall adhere to standardized message
display a login dialog al ENCNELE E R 16 B [E] GSR3.1.4.1 3.1.4.1 formate as defined in OMG C2MS
After logging in, the home page shall 2 GMSEC Syst  coteqories shall include: telemetry and
102 3| display the username - 17 5 S 31401 Cummandy em component categories shall include: telemetry an:
After logging in, the home page shall - n
103 = display the dashboard menu 7 8 = 41231412 archive
104 The GSS Support menu: /" Vi 19 ) 4.1.3 3.1.4.1.3 monitoring
105 @ 11251 14231 Shall navigate to the Installation Guide /" Vi 20 [ 41431414 situational awareness
S1.12.3.1 1.12.3. page Vi 21 = 4.1.5 3.1.4.1.5 alerting/notification
106 = 12.3.7 1.12.3.2 Shall navigate to the User Guide page Ve 22 = 41631416 analysis and trending
107 12.4 1.12.4 The GSS Administration menu: 7 Va 23 [&l 4.1.7 3.1.4.1.7 automation
108 = 1941 11241 Shall load user management e 24 = 41.831.4.1.8 testing/validation
108 = 124211242  Shall navigate to the metrics page /" Vi 2 D o400 31400 GMSEC System components shall adhere to messages defined for
110 [& ©S51.12.4.3 1.124.3 Shall navigate to the health page /" Vi o i each category of companent
- Pd o _ GMSEC System shall adhere to message interactions for each
111 = 12.4.4 1.12.4.4 shall navigate to the lags page b 26 (& GSR3.L4.110 304100 | dofiod Catagory of component
112 [ 12.4.51.12.4.5 Shall navigate to the API page B 27 [R] GSR3.1.53.15 GMSEC System shall verify compliance of GMSEC companents
113 B [= 12.5 1.12.5 The GSS Account menu: gl 0 & Gsra.16 3.6 GMSEC System shall provide middleware access via a
114 Il 12.5.1 1.12.5.1 Shall navigate to the settings page - . R ‘web-server/browser architecture.
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Testing and Tracing in MagicDraw

Requirements are traced to tests...

V' Regs to Tests Tracing X 4 b B £ Requirements X 94
iPm (R | W Delete [F Remove From Matrix : .1 Change Axes B Bxport ' QY (3 - iw IQ T iPh il = AddNew T AddNested iBf - (37 T i Q g -iw ([
Legend B[] requi Excel Import Status: [] New [] Updated [] Obsolete [] Unchanged
po! p g
/7 Verify B-[® Gss11 5 G ‘ — | = ‘
ss
B BB B4 = 1 |0’ css1 1 Functional Requirements
Pl . The GSS shall provide the user with a customizable
£ 2 [H cssi111 dashboard with widget functionality.
& - The GSS shall provide the user with the ability to
2| - 13 [H css1z12 request telemetry data.
Sl @ 16 [/l css13 1.3 The GSS shall provide the user with a Chart widget.
«
E 20 B [H css14 14 ;?"\;g(;tss shall provide the user with a Countdown Clock
. The GSS Countdown Clock widget shall display the
31 [Rl Gss1.4.114.1 current time.
[ tova unt tests M= [ cooron 142 The 6SS Countdown Clock widget shall allovs the user to
167 Javascript unit tests 3 7 12 BEE 4 16 2 29 - customize the clock format and time zone.
{7 account 8 | ] 3 [ 55145 143 The GSS Countdown Clock widget shall display the time
5[] dashboard =@ SE 7 7 A left until the beginning of an event.
£ chart.controller.spec.js [chart] 8 - 34 B [B css1.4.4 144 If“j‘ f\f]i Eﬁcg‘?ﬂﬁ;m widget shall provide the user
27 countdown 7= 2 i 2 3 H cooroat 1adn The Next Pass View shall display countdowns to the
4] basic-json-schedule-service.spec.js | ] 1 S5 4.4 nearest future event in multiple groups.
E+] countdown-service.spec.js 3 2 22 3 [ css1442 1442 The Event Countdown View shall display all known
) should add an event property listed in columnDefs to the event 1 o upcoming events ordered by event start times.
B o The 6SS Countdown Clock widget shall allows the user to
should add an event property listed in columnDefs without adding to columnDefs | 1 37 B [ 655145145 Ersihe meret SEntem s
should add an event property not listed in columnDefs to columnDefs 1 The G5 Countdonn Clock widget enall allow the user 16
Sk o n vt propry ot s i comnde' o e svrt IR | | - A et
) should be able to calculate the time between a set time and a future time point | 3 VAayd | o T S .
39 B [’ 6551.4.6 1.4.6
should be able to calculate the time between a set time and a past time point | 3 2 270 o 0 e n e ra e racea I I m a rl Ces
should be able to convert some number of milliseconds to a DDD:HH:MM 1 ya | ] 40 [’ GSS1.4.6.1 1.4.6.1 T ==
! as
) should be able to format a value between 0 and -10 B c E E e
should be able to format a value between 0 and 10 - - - - -
<hould be abe to get he visible coumrs GSS1.4.42 The Event Countdown View shall display all GSR3.1.4.1.3 Test Tests::Portal::End to end (JavaScript) tests::dashboard::countdown::countdown.spec.js::should be able to remain on €
3 should be abl to kecp a visble calurmn visie known upcoming events ordered by event start nd to end (JavaScript) tests::dashboard::countdown::countdown.spec.js::should be able to switch to ey
should be able to keep an invisible column invisible 37 times. avaScript unit tests::dashboard::countdown::countdown-service.spec.js::should be able to calculate the
should be able to set a visible column to invisible GS$1.4.5 The GSS Countdown Clock widget shall allow the |GSR 3.1.4.1.3 Test countdown-service.spec.js::should add an event not listed in to the event
) should be able to set an invisible column to visible user to choose which columns are displayed in countdown-service.spec.js::should add an event property listed in columnDefs to the event
) should return an empty array if there are no visible columns the event list. countdown-service.spec.js::should add an event property listed in columnDefs without adding to columnDefs
%] event-countdown-service.spec.js countdown-se ::should add an event property not listed in columnDefs to columnDefs
B35 mms-schedule-service.spec.js countdown-se :should be able to get the visible columns.
FLTT mevtnace-carnvice enor ie countdown-service.spec.js::should be able to keep a visible column visible
countd: -service.spec.js::should be able to keep an invisible column invisible
countdown-service.spec.js::should be able to set a visible column te invisible
countdown-se ::should be able to set an invisible column to visible
38 :should return an empty array if there are no visible columns
GSS1.45.1 The GSS Countdown Clock widget shall allow the |GSR3.1.4.1.3 Test nd to end (JavaScript) tests::dashboard::countdown::countdown.spec.js::should be able to open the co
user to rename the columns. nd to end (JavaScript) tests::dashboard::countdown::countdown.spec.js::should be able to pop open th
39
G551.4.6 The GSS Countdown Clock widget shall allow the |GSR 3.1.4.1.3 Test :Portal::End to end (JavaScript) tests::dashboard::countdown::countdown.spec.js::should be able to pop open th
user to group events by a particular field. ortal migrator::Java unit tests::CountdownParamsMigration1_0tol_1Test.java::testValidUpgrade
40
SW E—O59 GSS1.4.6.1 The GSS Countdown Clock widget shall allow the |GSR 3.1.4.1.3 Test Tests::Portal::End to end (JavaScript) tests::dashboard::countdown::countdown.spec.js::should be able to open the col
user to assign groups a particular color for visual nd to end (JavaScript) tests::dashboard::countdown::countdown.spec.js::should be able to pop open th
SW E—O64 41 effect. avaScript unit tests::dashboard::countdown::event-countdown-service.spec.js::should ensure all events
GS51.4.7 The GSS Countdown Clock widget shall keep GSR3.1.4.1.3 Test lava unit test: ::CountdownEventsResourcelntTest java::checkUidIsRequired
track of events for use by its other functions. ava unit test: ::CountdownEventsResourcelntTest.java::createCountdownEvents
42 ava unit test: ::CountdownEventsResourcelntTest. java::getAllCountdownEvents
GS$1.4.7.1 The GSS Countdown Clock widget shall allow the |GSR3.1.4.1.3 Test ava unit test: ::CountdownEventsResourcelntTest.java::checkUidIsRequired
user to add events by creating a custom event. ava unit test: ::CountdownEventsResourcelntTest.java::createCountdownEvents
3 ava unit test: ::CountdownEventsResourcelntTest java::getAllCountdownEvents
NA ements to Tests | Tests to Requirements Pl »
Ready Average:35 Count:6  Sum:35 i) - 1 + 100%
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4.1. LogMsg
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Figure 1. Class diagram for LogMsg

4.2. ResourceTask

(©)ResourceTask|
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Goddard Mission Services Evolution Center Gu OTtware Engineering Division (code 580), GSFC, NASA - Version 1.0,
2021-03-02 | A GMSEC component for interacting with the host computer.

This document is controlled by the GMSEC Product Development Team. Proposed changes to this
document should be submitted to the team lead at gmsec Dlists.nasa.gov along with
change request justification.

1. Introduction

This document details the Software Design for the GMSEC SA Software, Version 4.3.1, released on 2021-03-02.

2. Purpose
SA s part of the GMSEC native software library, maintained for the use of software developers and engineers who
manufacture ground system equipment for mission operat , satellite facilities, launch vehicle

test-and-integration systems, and other ground system facilities.

3. Key Decisions and Rationale

SDD template w/component name & version, APl version
1) Developer instruments code w/reqs

Figure 2. Class diagram for ResourceTask

— ——

2) Java classes scanned for Java annotation w/reqs
3) Scan complete => bidirectional traceability

4) plantUML file is generated for each class
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A.1. Acronyms 3118 SystemAgent
3119 SystemAgent
3.1.1.10 SystemAgent
31111 SystemAgent
31112 SystemAgent
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5) plantUML tool converts plantUML files => class diagrams

6) SDD template + traceability tables + images => 1 doc
7) asciidoctor converts doc to HTML
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6. Design-to-Requirements Traceability
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GMSEC Process Diagram
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Artifact Checklist

= System Requirements Specification (SRS)

= Component SRS

= Component SW Design Document (SDD)

= Code

= Tests

* RTM System €<-> Component requirements
* RTM Requirements € - Design € - Code
* RTM Requirements € - Tests
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Background Information
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Acronyms

ANSR

Alert Notification System Router

API

Application Programming Interface

C2Ms

Command & Control Message Specification

CAT

Criteria Action Tool

cc

Countdown Clock

CCsDs

Consultative Committee on Space Data Standards

CFDP

CCSDS File Data Protocol

CMD

Command

COTS

Commercial Off The Shelf

CTs

Compliance Test Suite

DoD

Department of Defense

ER

Enhancement Request

FDS

Flight Dynamics System

FEP

Front End Processor (aka Baseband Equipment)

GEO

Geostationary Earth Orbit

GMSEC

Goddard Mission Services Evolution Center

GOTS

Government Off The Shelf

GPD

GMSEC Parameter Dlsplay

GREAT

GMSEC Reusable Events Analysis Toolkit

GSCE

Ground System Control Equipment

GSFC

Goddard Space Flight Center

GSS

GMSEC Services Suite

HEEO

Highly Elliptical Earth Orbit

hk

Housekeeping telemetry

LEO Low Earth Orbit

MEO Medium Earth Orbit

MOC Mission Operations Center

MPS Mission Planning System

NPR NASA Process Requirement

QA Quality Assurance

PDL Product Development Lead

PIL Payload

PTU Performance Test Utility

RAA Room Alert Adapter

RE/IF Radiofrequency/Intermediate Frequency
RTM Requirements Traceability Matrix

SA System Agent

s/C Spacecraft

SDD SW Design Document

SLE Space Link Extension

SRS Software/System Requirements Specification
SW Software

SWE Software Engineering requirement in the NPR
T&C Telemetry & Command

VDD Version Design Document

XML eXtensible Markup Language
XRAE XTCE Reader And Editor
XTCE XML Telemetric & Command Exchange

NASA Goddard Space Flight Center | Software Engineering Division | sed.gsfc.nasa.gov
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Appendix B: Collected Data

Use of Models for Decision
making

Provide ASOT

Leverage innovative
technologies to improve
practice

Challenges/Mitigations

* getting something out of a
model for stakeholders to review
*accessibility to reveiwers as
opposed to authors of the model
*The basic concept of having an
ASOT is very foreign (and counter
to some organizational cultures)
and they are still debating how
*understanding the new
approaches e.g. devsecops, agile,
due to resistance

Effective/Ineffective Practices

* take an approach to generate views or
projections that capture what the
reviewer are interested in instead of the
entire details of the model

* provide data store with common access
across stakeholders

* What data can your program not live
without? Present this question to

*training on usage, increase awareness



Sheet1

				Challenges/Mitigations		Effective/Ineffective Practices		Additional

		Use of Models for Decision making		* getting something out of a model for stakeholders to review
* accessibility to reveiwers as opposed to authors of the model		* take an approach to generate views or projections that capture what the reviewer are interested in instead of the entire details of the model

		Provide ASOT		* The basic concept of having an ASOT is very foreign (and counter to some organizational cultures) and they are still debating how (and for some, if) to achieve it.		* provide data store with common access across stakeholders
* What data can your program not live without? Present this question to customers to get their response - helps guide data needs

		Leverage innovative technologies to improve practice		* understanding the new approaches e.g. devsecops, agile, due to resistance		* training on usage, increase awareness

		Infrastructure, env, tools for communication and collaboration		* effort to make automation stable
* effort from automated to not-automated
* getting tools to talk to one another
* tool lock in
* cost of tools, what about cost to NOT doing things?
* finding a tool to do everything is problematic
* standards are not really standards, there is ambiguity present and the degree of standardization needs clarification
* contracts might constrain use of tools that may not work out
* tools and processes not working well together		* provide hands on use of tools by sr members of team rather than let jr people do the work with tools
* use less number of tools as possible
* use requirements tool for allocation, derivation, tracing etc. then when need to pull into modeling tool
* how to manage tool lock in?
* standardization - tools should follow industry standards for tool interoperability
* having tools that are capable of multiple functions as opposed to tools that do not interoperate by default

		provide training and transform culture and workforce		* training new people to learn the technologies and it takes time and effort; learning curve; (mitigations) just do the training; documentation for training is not effective - just go read the spec; 
* conduct current work while changing technology		* create docs for the developers, not just docs needed as part of deliverables - essentially need to meet developers' needs and external needs.
* express value of change in terms of what the stakeholder cares about
* tool transformations
* process improvement plans and engineering plans with relationships to bring people along as opposed to do it all at once
* try out tools first, to see if they work as you expect them to within your environment before committing.
* identify key people to convince (influence the right people)



		OTHER		* Scaling from small teams/numbers to larger scale
* people, human/organizational aspects
* processes more difficult than tools
* complicated interplay between tools, processes, environment (constraints)
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Infrastructure, env, tools for
communication and
collaboration

Challenges/Mitigations

* effort to make automation
stable

* effort from automated to not-
automated

* getting tools to talk to one
another

*tool lockin

* cost of tools, what about cost to
NOT doing things?

*finding a tool to do everything
is problematic

* standards are not really
standards, there is ambiguity
present and the degree of
standardization needs
clarification

* contracts might constrain use of
tools that may not work out

Effective/Ineffective Practices

* provide hands on use of tools by sr
members of team rather than let jr
people do the work with tools

* use less number of tools as possible
* use requirements tool for allocation,
derivation, tracing etc. then when need
to pull into modeling tool

* how to manage tool lock in?

* standardization - tools should follow
industry standards for tool
interoperability

* having tools that are capable of

*tools and processes not working multiple functions as opposed to tools

well together

that do not interoperate by default



Sheet1

				Challenges/Mitigations		Effective/Ineffective Practices		Additional

		Use of Models for Decision making		* getting something out of a model for stakeholders to review
* accessibility to reveiwers as opposed to authors of the model		* take an approach to generate views or projections that capture what the reviewer are interested in instead of the entire details of the model

		Provide ASOT		* The basic concept of having an ASOT is very foreign (and counter to some organizational cultures) and they are still debating how (and for some, if) to achieve it.		* provide data store with common access across stakeholders
* What data can your program not live without? Present this question to customers to get their response - helps guide data needs

		Leverage innovative technologies to improve practice		* understanding the new approaches e.g. devsecops, agile, due to resistance		* training on usage, increase awareness

		Infrastructure, env, tools for communication and collaboration		* effort to make automation stable
* effort from automated to not-automated
* getting tools to talk to one another
* tool lock in
* cost of tools, what about cost to NOT doing things?
* finding a tool to do everything is problematic
* standards are not really standards, there is ambiguity present and the degree of standardization needs clarification
* contracts might constrain use of tools that may not work out
* tools and processes not working well together		* provide hands on use of tools by sr members of team rather than let jr people do the work with tools
* use less number of tools as possible
* use requirements tool for allocation, derivation, tracing etc. then when need to pull into modeling tool
* how to manage tool lock in?
* standardization - tools should follow industry standards for tool interoperability
* having tools that are capable of multiple functions as opposed to tools that do not interoperate by default

		provide training and transform culture and workforce		* training new people to learn the technologies and it takes time and effort; learning curve; (mitigations) just do the training; documentation for training is not effective - just go read the spec; 
* conduct current work while changing technology		* create docs for the developers, not just docs needed as part of deliverables - essentially need to meet developers' needs and external needs.
* express value of change in terms of what the stakeholder cares about
* tool transformations
* process improvement plans and engineering plans with relationships to bring people along as opposed to do it all at once
* try out tools first, to see if they work as you expect them to within your environment before committing.
* identify key people to convince (influence the right people)

		OTHER		* Scaling from small teams/numbers to larger scale
* people, human/organizational aspects
* processes more difficult than tools
* complicated interplay between tools, processes, environment (constraints)
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provide training and
transform culture and
workforce

OTHER

Challenges/Mitigations

* training new people to learn
the technologies and it takes
time and effort; learning curve;
(mitigations) just do the training;

Effective/Ineffective Practices

* create docs for the developers, not just
docs needed as part of deliverables -
essentially need to meet developers'
needs and external needs.

* express value of change in terms of
what the stakeholder cares about

* tool transformations

* process improvement plans and
engineering plans with relationships to
bring people along as opposed to do it all
atonce

* try out tools first, to see if they work as

documentation for training is not you expect them to within your

effective - just go read the spec;
* conduct current work while
changing technology

* Scaling from small
teams/numbers to larger scale

* people, human/organizational
aspects

* processes more difficult than
tools

* complicated interplay between
tools, processes, environment
(constraints)

environment before committing.
* identify key people to convince
(influence the right people)



Sheet1

				Challenges/Mitigations		Effective/Ineffective Practices		Additional

		Use of Models for Decision making		* getting something out of a model for stakeholders to review
* accessibility to reveiwers as opposed to authors of the model		* take an approach to generate views or projections that capture what the reviewer are interested in instead of the entire details of the model

		Provide ASOT		* The basic concept of having an ASOT is very foreign (and counter to some organizational cultures) and they are still debating how (and for some, if) to achieve it.		* provide data store with common access across stakeholders
* What data can your program not live without? Present this question to customers to get their response - helps guide data needs

		Leverage innovative technologies to improve practice		* understanding the new approaches e.g. devsecops, agile, due to resistance		* training on usage, increase awareness

		Infrastructure, env, tools for communication and collaboration		* effort to make automation stable
* effort from automated to not-automated
* getting tools to talk to one another
* tool lock in
* cost of tools, what about cost to NOT doing things?
* finding a tool to do everything is problematic
* standards are not really standards, there is ambiguity present and the degree of standardization needs clarification
* contracts might constrain use of tools that may not work out
* tools and processes not working well together		* provide hands on use of tools by sr members of team rather than let jr people do the work with tools
* use less number of tools as possible
* use requirements tool for allocation, derivation, tracing etc. then when need to pull into modeling tool
* how to manage tool lock in?
* standardization - tools should follow industry standards for tool interoperability
* having tools that are capable of multiple functions as opposed to tools that do not interoperate by default

		provide training and transform culture and workforce		* training new people to learn the technologies and it takes time and effort; learning curve; (mitigations) just do the training; documentation for training is not effective - just go read the spec; 
* conduct current work while changing technology		* create docs for the developers, not just docs needed as part of deliverables - essentially need to meet developers' needs and external needs.
* express value of change in terms of what the stakeholder cares about
* tool transformations
* process improvement plans and engineering plans with relationships to bring people along as opposed to do it all at once
* try out tools first, to see if they work as you expect them to within your environment before committing.
* identify key people to convince (influence the right people)

		OTHER		* Scaling from small teams/numbers to larger scale
* people, human/organizational aspects
* processes more difficult than tools
* complicated interplay between tools, processes, environment (constraints)
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