Expanding Legacy Systems Using
Model Driven Engineering (MDE)

THE VALUE OF PERFORMANCE.

NORTHROP GRUMMAN

Kevin Nguyen & Billy Smith

Software Engineers

Approved for Public Release; NGAS 14-0819, 4/28/14



NORTHROFP GRUMMAN

Overview

Who we are

MDE Process

Results

Challenges of expanding a legacy software system using MDE

Lessons Learned

Approved for Public Release; NGAS 14-0819, 4/28/14



NORTHROFP GRUMMAN

Northrop Grumman Products

Approved for Public Release; NGAS 14-0819, 4/28/14



Model Driven Architecture Development

Highlights

NORTHROFP GRUMMAN

Design Purpose Collaboration
Phase

- System engineers work with customers to understand their

System
architecture

CSClI
architecture

CSC
architecture

Detailed
Design

Understand
customer’s
requirements

Create
architecture of
hardware and
software

Expand
architecture to
software
components

Develop
software units

requirements

- Start a concept model to support the effort of breaking the
system requirements into hardware, and software requirements

- System engineers work with senior architects and test engineers
to convey knowledge as well as clarify any misunderstandings

- Refine/derive requirements
- Develop test plan

- Senior architects work with subject matter experts (SME) to

further break the architecture down into CSCs
- Generate ICDs and data information
- Refine test plan

- SMEs work with software engineers to design and develop

software units
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Design Phase Lifecycle

Input .
- » Each phase of architecture development follows

the same basic procedures

« Output from one phase becomes input for the

next phase
Manage Artifacts . . ..
- - — lIterative process helps to catch design deficiency early

« Customers get the opportunity to participate in design and
development efforts

» Architecture artifacts are developed using UML, making them easy for
all parties to understand
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Requirements Elicitation

e Inputs are from customers, users, and management

]

DataSource PlaneX WeaponSystem
e b | ] TN —
Ship
®
O PlaneX Monitor Data Input Distribute
_ a

— Coordinate
‘ ‘ l Perform Position Processing

JU Process Data Perform Coordinate
Aircrew Conversion

Understand Your Stakeholders
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Requirements Allocation and CSCI Interfaces

«Modify» «Modify» «Legacy»

ENV :SensorDataCollector :SensorDataProcessor :DataDistributor
.
- newSensorData() : ‘ ‘
/ (]

I getData() ‘ ‘
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! StoreData()
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ProcessData

Decompose System Requirements to CSCI Level
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Computer Software Component (CSC) Interfaces
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L—__IIS_—,- Classes
E «lLegacyn DataDistributor 1 «Modify » S 1 «Legacy »
E‘E uMudifyn SensorDataCollector SensorDataProcessor DataDistributor
: EI[E Operations Sensorg
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: E StoreDatal) Sensor2Interfac

‘ [5-':' Ports
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él ahodifys processSensorDatal)

#-{%2) Statechart

I':'If:l Object Maodel Diagrarns SensorBoard
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rawDat
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Decompose CSCI Requirements to CSC Level
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Computer Software Unit (CSU) Detailed Design

-6 cscu _C5Cs

--I,T:,- Classes

[0 Deployment Diagrarns

@n Flowys

|,’,_,|:$:| Ttern Flowys

' If[] Maodes

-0 Object Model Diagrarns
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«M odify »
SensorDataProcessor Task:SensorDataCollectorTask
| Entry point: collectSensorDataEntryPoint()
T
|
I «Usage»
|
|
«Modify »
cxform

g E «bdodifys mag_lat{double et,double® gl1Pararm)
E «Mewme calc XY Z(nt pararml,int pararm2)

----- atandiRhpstring y,RhpString z) const

----- atand(RhpString z) const

----- calcG0Ll{double fracearlndex, double fracear)
----- E calcGll{double fracYearlndex, double frackear)
----- E calcH1l{double fracYearlndex,double fracear)
----- @ cosd{RhpString ) const

nl +. o w\ - “
ﬁ «MOdIfy» mag_lat(et double, gOlParam double*):double

hl gregorian_ calendar tOJd(y int,m:int,d:int, h:int, mi:int,s:int. ..
_ﬁ cxRound(doub:double):long

_ﬁ «New» calcXYZ(paraml:int, param2:int):void

CXFORM package is downloaded from htip://nssdcfip.gsfc.nasa.gov/selected software/coordinate transform/

Drive Changes to Software Units
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Computer Software Unit (CSU) Detailed Design

(continued)

Function : mag_latin cxform

General | Description | Implementation |Arguments | Fielations | Tags | Froperties

double mag_lat{double et.dauble” g0l Param)

gll = calcGll (fracYearIndex, fracYear):;
hill = ealecHll (fracYearIndex, fracYear):
lambda = mag_lon(et):

S ETODO:

update gllParsatn with gil
End code update®/

*gOl1lParam is & new parameter which is used to return gll to caller

/%  phid / latitude */
phid = M _FI Z - atanigll®cos(lambda) + hillvzin(lanbdsa) ) gil):

/% phid = (90.0-10.872)* (M FI/180.0); Jf38C year 1990 walus  */
PH _wmkHd0 = fOn_N_1n 7RO F M DT A1an nb . dF =T rraav 1006 tralna !
1 | 1
Locate QK

}

Function : calc¥yZ in cxform

~ B

General | Description | Implementation I Arguments I Relations I Tags I F'n:nperties|

L]

This is an example of a new function added to an existing code.

Locate Ok

NORTHROFP GRUMMAN

double wag_lat (double et, double* gDlParam) |
double fracYVearIndex = [(et+3155803200.0)/157738000.0;
double fracVear = fmod(fracVearIndex, 1.0):
double phil, lamwbda, gll, gll, hii:

if (fracYearIndex >= NUM_IGRF_YEALRS DEFINEL)

i
/% fprintf(stderr, "ERROR: Specified year is greater than IGRF im
exit (EXIT FAILURE) ;

}

gll = calcGOl (fracYearIndex, fracYear):
gll = caleGll (fracYearIndex, fracYear):
hill = calcHll (fracYearIndex, fractear):
lambda = mag_loniet):;

S *TODO:

*g0lParam i= @ new parameter which iz used to return gll to caller
update gllParam with gll
End code update®/

/% phi0 / latitude #/
phi0 = M PI_2 - atan|{gll*cos(lawbda) + hll*sin(lambda))/g01);
/* phi0 = (90.0-10.872) * (M PI/180.0); A4 88C year 1990 wvalues %/

@ odform.c @ odorm.h X

woid mat_transpose (Mat m_in, Mat m out):
woid mat_times mat (Hat ml, Hat m2, Mat m out);
woid mat_times wvec (Hat ml, Veo vwl, Vec v_out);

enum direction { FORWALRD, BACK };

typedef enuwn direction Direction:

/% This is an example of a new function added to an existing code. */
void calcXYZ (int paraml, int parama):

void calcvZ(int param int param:]

/% This function is used to calculat EYZ
hased on algorithm ABC*S

4 | i 3

Locate (0].4

CXFORM package is downloaded from
10

#endif

@ odform.c X @ oiform.h
fidefine M PI Z 1.57079632679459661923
vold calcXEYZ(int paraml, int param2) f
A% Thi=z function iz used to calculat XTE
hased on algorithm ABCT/S

Approved for Public Release; NGAS 14-0819, 4/28/14



11

NORTHROFP GRUMMAN

Results

» Passed PDRs and CDRs with full award fee and minimal customer
Request for Information (RFI)

e Created a framework for collaboration and open communication
between system, software, test, architects, and customers

« Minimized software integration issues
* Increased software testability

« Obtained the benefits of object oriented design and analysis for new
architecture built on top of a non-OO0 system

— Reusability, testability, maintainability
— Highly cohesive, low coupling
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Challenges of Adapting MDE to Legacy System

Acquiring new tools and training
— UML tools, process training

Integrating the MDE process into existing tools and processes
— Source control, requirements management, in-house tools

Gaining full commitment and support from leadership
— Selling the long term benefits of using MDE

Changing the existing culture
— Removing the engineering group stovepipe
— Partitioning legacy software components
— Stubborn engineers

12
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Lessons Learned oo GrumEAN

Allocate enough time for design
— Spend more time on algorithm analysis
— Perform more trade analysis

Prototype often

Fully flesh out interfaces early on

Revisit and evaluate use cases at every design level
— Make sure critical design elements are not eclipsed or forgotten

Do not underestimate the effort of changing the existing culture
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