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MCNPTMSOFTWAREQUALI~ ASSURANCEPLAN

by

HilaryM. AbholdandJohnS. Hendricks

ABSTRACT

MCNPis a computercode that modelsthe interactionof radiation

with matter.MC~ is developedand maintainedby the Transport

Methods Group (XTM) of the Los Mamos NationalLaboratory

(LANL). This plan describes the Software Qutity Assuranu

(SQA)programappliedto thecode.TheSQAprogramis consistent

with the requirementsof ~EE-730.l and the guidingprinciplesof

1S0 9000.

MCW is a @a&mak of b Regentsof tie Univwsityof Cdifomia,Loshos Natiod Lakratory.
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I. PURPOSE

This document is the Software Quality AssurancePlan (SQAP)for modificationand

maintenanceof the Monte Garlo ~-~article (MCNP)radiationtransportcode.MCNPis devel-

opedand maintainedby the TransportMethodsGroup(XTM)of the hs Names NationalLabo-

ratory (L-). The codemodelsthe interactionof radiationwithmatter.

The particularsoftwarecoverd is the MCNPFortranand C sourcecode releasedto the

RadiationShieldingInformationCenter (RSIC)in OakRidge,Tennessee.Specificallyexcluded

arenon-XTMmodifiedversionsor auxfliarycodesdistributedwithMCNPby XTM.Wso specif-

idly excludedis the qualityassuranceof dati librariesusedby the code.

MCNP is a mature product that is continuallybeing upgraded.This SQAP applies to

MCNPupgradesfromonemajorversionto another.A majorversionof MCNPis a versionwhich

is releasedeveryfewyears to RSICfor internationaldistribution.

Thisqutity assuranceplancoversthe entireMCNPsoftwaremodificationlifecycle:con-

cept exploration,requirementsand design,implementation,test, installationandcheck-out,oper-

ation and maintenance,and retirement.It is consistentwith EEE 730.11and with the guiding

principlesof 1S0 9000.2

A. PlanReviews

The MCNPSQAPis reviewedand approvedby the MCNPBoardof Directors(BoD)and

the GroupOfficeconcurrently.The plan and implementedpro~ures are subjectto groupoffice

auditat any time.

n. MANAGEMENT

A. Organization

Software qutity assurance for MCNP is the responsibdityof the TransportMethods

Group(XT~ of Los Aamos NationalLaboratory.XTMis dividedinto teams,eachwitha Team

Uader who reports to the Group Office.The Monte Carlo team does code developmentfor

MCNP.The Group Officeis comptisedof the Group~ader andDeputyGrouphader. A Board

of Directors (BoD) is composedof team membersof the TransportMethodsGroup from the
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applicationsteam, data team, and otherteamsas appropriate.Membersof the BoD are assigned

by the GroupOffice.

The Monte Carlo Teamis responsiblefor the maintenanceand developmentof MCNP.

The BoD reviews W proposedfeaturesof MCNP,reviewstheir implementation,and h= find

authorityfor acceptanceof new features.Consensusbetweenthe BoD,GroupOffice,and Monte

CarloTeamis rquired for rdlchangesbeyondregularmaintenance.

Changesto this SoftwareQualityAssurancePlan are madewith the concurrenceof the

MonteCarloTeamkader, the MCNPBoD,andthe GroupOffice.

B. Tasks

The MCNP softwarequtity assuranceplan appliesto dl stagesof the MCNPsoftware

life cycle: concept exploration,requirementsand design, implementation,test, instigation and

checkout,operationand maintenance,andretiement. Thefollowingparagraphsdescribethe iter-

ativetasksinvolvedin the MCNPsoftwarelifecyclemd identifywhichtaskshelpassuresoftware

quality.

1. ConceptExploration.A featureslist is compdd of desird featuresfor futuremajor

versionsof MCNP.Thisfeatureslist is keptby theMonteCarloTeam.It is documentedarchivdly

on the CommonFfle System(CFS).This list includesdl featuresproposal or a-pted for the

previousmajor version that did not becomepart of the previousmajor version.It dso includes

proposednew features.At the featuresreview,the MCNPBoD approvesor disapprovesfeatures

for inclusioninto MCNP.The featuresfistindicateswhetherthe featurewas acceptedor rejected.

SeeFig. 1 for a samplefeatureslist.

2. Requirements&Design. Many proposed modificationsto MCNP come with the

softwaretieady developedin the formof patches.Thesepatchesrangein quahty.Somepatches

are accompaniedby good documentationand no furthersoftwarerequirementsspecificationsor

softwaredesignarenecessary.

3



Date

Desired MCNP 4B Features

(NumberKey: H=High Priority,M=Medium, L=Low)
(StateKey: N=New, A[U,D]=Accepted IUnderway,Done]R=Rejected)

Number Description State

Physics

P–HI Incorporatedata and/or geometricperturbation
sensitivity capability. (Schrandt1/25/82).
(Schlumbergerrequest, 10/11/93).

P–H2 Incorporate INRAD capabilities (X–6:GPE-91-169)
LA–11153–MS (X-6:JSH-92-73)(X-6:JSH-92-257)

Variance

V–Hi Tom Booth’s Quasi–deterministicweight window
generator

Internal

I–HI Smart PVM workstation cluster capability,par–
ticularly load balancing. (Schlumberger,10/11/
93)

AU(GWM)
10/18/93

AU(JSH)

A(JSH)

A
03/29/94

Fig.1. SampleFeaturesList

4



The MCNP BoD decidesby consensuswhichfeaturesanwor patchesto acceptinto the

next majorversionof MCNP.The acceptanceor rejectionof a featureis documentedin the fea-

tures list and the BoD meeting minutes. (See Fig. 2 for an example of the meeting minutes.)

Acceptedfeatures are priorittied by the BoD and recommendationsare made on the software

requirement and design(particularlythe user interface).For newfeaturesnot accompaniedby a

patch, or for substandardpatches,new softwarerequirementsspecificationsand softwaredesign

descriptionsare hplementation createdby the MonteCarloTeam.Thesecreatedpatchesalong

with theirdocumentationarereviewedandapprovedas intermediateversionpatchesby theBoD.

3. hplemenhtion. Patchesthat have been approvedfor implementationinto MCNP

are integratedwith otherpatchesto forman intermediateversion.(SeeFig. 3 for an exampleof a

patch.) Ml fines of code and documentationare independentlyreviewed by the MCNP code

developerwho integratesthe patch.The developerwhointegratesthe patchmaynot be the code

developerwhodevelopedthe patch.

4. Trot.The Monte Carlo Team tests dl new featuresin accordancewith the MCNP

SoftwareVerificationandValidationPlanin AppendixA.

5. hstillation and Checkout.The inst~ation and checkoutprocedureis describd in

AppendixC of the MCNPmanual.

6. OperationandMaintenance.M new features are independentlydocumented in

LANL memos at the intermediateversionreleaseby the Monte CarloTeam.(See Fig.4 for an

exampleof an intermdate versionpatch releasememo.)A bug list is compiledof dl claimed

bugs or deficiencies.(SeeFig. 5 for an examplebug list.) Bugs are investigate and corrections

are identified.W bug fixesare commentedon withreferencesas appropriatein the majorpatch

fileconvertingthe lastmajorversionof MCNPto thenext.A listof bugsis periodica~ypublished

andcirculated(forexample,Ref.4), as wellas by theuseof ane-mailnetworkfor notifyingusers

of new featuresandbugsfound.

7. Retirement.When a new major versionof MCNPis releasedby RSIC,supportfor

the previousversion is terminate~discontinuedand supportfor the versionbeforethat is termin-

ated. Supportfor dl intermediateversionsis droppedand intermediateversionsare destroyed.

SeeFig. 6 for a sampleof a letterreleasinga majorversionto RSIC.
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Los Alamos
NATIONAL LABORATORY

memorandum
ApplidTheoretiti&ComputationalPhfl&Division
MM, ~anspofiMeth&sGroup

TOmS: Distribution

Fromms: Monte Carlo team Leader, XTM

Phone/FM: 5-678915-538

Spbo/: XTM-yy-m

Date:Month, Day, Year

MCNPTMBoDMeetingMinutes,Date

~arter: WMWBoardofD&tors @oD)isa~yof~staffwith authorityovertiktion, developments,
andsoftwarequfity aasurau~ (SQA)ofMW. ~BoDreviews and~ends newbfeatis andde mod-
ifications,particdarly user interf~ andotherissuesaffwtingmstomersandusers,anddso wmiders issuessud as
dataandpolicy.

AttendingtheDatemeeting: put attendingmem~rs here.

Remlvd -

Put appropriateissueshere, sti as ~pti or rej~ted features,et Wtera.

Put appropriatedon itemshere.

Put appropriateinformationhere,

MCNPis a tiademarkof theWgents of theUnivaity of California,bs kos Natioti Labratory.

Fig.2. SampleBoDMeetingMinutes



c <<<<< MCNP4XQ makemcnp changes for MCNP4A >>>>> loddat 03/01/96
C****************+****FIXES FOR SySTEM 1 (Cray ~ICOS) *****************

c
c Keep NEWID file for ~ICOS

1 2 23 2 1
rm –f codef patch

C*********************FIXES FOR SySTEM 7 (pc DOS

c

) *****************

c Provide changes for X–windows on a PC. Software re~irernents:
c MetaWare High C 3.3, DESQview/X 2.0 with MetaWare XII toolkit.
c These changes allow for continued support of Lahey graphics.
7 2 25 1 9

if exist mcnpc.c del mcnpc.c
copy mcnpc.id codef
copy patchc patch
prpr
rename compile mcnpc.c
del codef
del patch
del newid
hc386 –f387 –DMSDOS –Hoff=protection –I\dvx\include –c mcnpc.c
7 2 33 1 4

type patchf I find “*define pcdosw I find “xlib”
if errorlevel 1 goto lahey

goto xwin
:lahey
7 2 34 1 5
goto end
:xwin
set lib=\f7713\lib;\hc33\small;\dvx\lib\hc387

3861ink –nomap –pack mcnp \f7713\lib\hc320mcnpc –1
hc386,hc387,hcna,xll,sys
:end

03244
0352
*/ <<<<< MCNP4XQc patch to MCNP4A >>>>> loddat 03/01/96
*/
*/ ------------------------------------------------------------mcnpc.id

Fig.3. SamplePatch

7



*ident mc4xq
*/ Remove the DIFFTI~() rOUtine. o7/03/g5 (GWM/GWM)

*d,mc.12,mc.13 <25-26>

*if –def,unix,l

#include <unistd.h>
*/ Make changes for PC MetaWare High C compiler. 02/15/95 (GWM/GWM)

*i,mc.18 <31>

*if def,pcdos,5
/* Define a structure for use with Lahey FORTRAN and MetaWare C. */

typedef struct
{ char *text;
long leng;

} Lahey–Char;

*i,mc.50 <63>

XSetWindowAttributes attributes;
*d,mc.73 Replace screen variable for PC X–windows <86>

pnt–x, pnt–y, res–x, res–y, scrnnm, width, win flag, win—shape,—
*/
*/ --------------------------------------------------------------xgopwk
/* Define a structure for use with Lahey FORTRAN and MetawareC. */
*d,mc.137 <150>
for(i=O; *font—bas[i] != ‘\O’; i++)

*d,mc.145,mc.149 Replace screen variable for PC X–windows <158–162>

scrnm=DefaultScreen (display);
display–width=DisplayWidth(display,scrnnm);

display–width–m=DisplayWidthMM (display,scrnnm);
display–height=DisplayHeight(display,scrnnm);
display–height–mm=DisplayHeight~ (display,scrnnm);

c <<<<< MCNP4XQ Fortran patch to MCNP4A >>>>> loddat 03/01/96

c Delete lines 2–10 of PATCHF.
o 1 2 4 10

c Add this entire patch to PATCHF.
o 1 11 2

*I
*/ ----------------------------------------------------------comdeck zc

Fig.3. SamplePatch(conL)



*ident zc4xq
*d,zc4a.1 <21>

parameter (kod=’mcnp’,ver=’4xq’)
*/ Set mdas in install.fix file to facilitate installation. 03/30/95

*d,zc4a.5 <30>

parameter (mdas=4000000)
*/
*/ ————————————————————––––––––––––-–-––-–-––––––––-––-–-––-–block data

*ident bd4xq
*/ Variably dimension ebl, febl, to prevent multigroup crash.

*/ (X–6:ELR–94–362,X–6:JSH–94-468). 7/25/94 (ELR/JSH)

*d,bd.8 data ebl <490>

*d,bd4a.13 <575>

3 hsd/’seWential’, ‘direct’/,ibin/’fdusmcet‘/,loddat/’O3/Ol/96’/~
*d,cor4–2.24

3 hdpath/’/uslocalaudatatmcnpnp’/,

*/
*/ ----------------------------------------------------------––-– tpefil
*ident tf4xq
*/ Do not flush output, tty buffers: compiler problems. (JSH) 8/3/94
*d,tf4a.21 go to 162 <1299>

return
*/ Do not flush output, tty buffers: compiler problems. (JSH) 8/3/94
*d,tf4a.37,tf4a.47 before return <1362–1372>
*d,tf.112 call balk <1383>

Fig.3. SamplePatch(rent.)
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Los Alamos
NATIONAL LABORATORY

memorandum
Appli&Theoreticd&Com~tationalPhys&Division
WM, ~anspotiMeth&sGroup

To~S: Distribution

FrOWS: Monte Carlo Team Leader, XTM

Phone/F~: 5-678915-5538

s~hl: XTM-yy-H

Date: Month, Day, Year

MCNP4XN

hother intermediateversim of MCNPN is now avdable: MCNP4XN.

New F~ ~ McNp~. .

The majorW-ES from thisMCNPversionand the lastone,MCNP4~ m:

i~ltie majordifferemeshere

Minorimprovementsinclude:

i~ld minorimprovementshere.

Avadabdty. . .1

fiatablesfor dl systemsare avtilableon: putinfohere

Ml MCNP4XNde has beenmtitiply reviewd by mabers of theMonteCarloTeam.ThePakh andPakh DH-
mentationhas beenreviewedmd thismemowtilm thac

1)the MCNP4XNpti meetsthe softwarequirements s~flcations d~ented
in memoXTM-yy-xxxx;

2) thepakh is properlydesignedandimplemented;
and

3) the pakh is properlyd~ented in thismemo.

PutTestinginfohere.

MC~ is a trademarkof theWgents of theUniversityof California,hs Mamm Nationalbboratory.

Fig.4. Samplehtermediate VersionReleaseMemo
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Date

Possible MCNP 4A Bugs

(H=HighPriority,M=Medium, L=Low)

Number Description State

HI

H2

H3

H4

H5

H6

Ml

Question whether PWT card is used i WWN!:P
is used (PWTvalues in output may be incon–
sistent.)

DXT~N with flagged–celltallies – only
flagged if parent particle departs the cell

● ****

● ****

● ****

Add PCDOS and LAHEY keyword print in print
table 98.

Make F8:N,P,E a warning, not fatal. GWM
argues 1/19/94 that F8 and mode N shouldbe
fatal.

N

N

D (JSH)
12/19/93

N

Fig.5. SampleBugList
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Los Alamos
NATIONAL LABORATORY

Appli&Theoretic&&Computation&PhysimDiWkhn
WM, TranspotiMerh&sGroup
LosAlamos,NewMexko 87%5
(505)66741@
FM (505)665-=8

DATE: Monti, Day,Year
IN REPLY REFER TO: ~-yy-XXX

MAIL STOP: B226
TELEPHONEI: (505)665-6789

RadiationStielding ~ormation Center
Btiding 6M5,MS6362
OakRidgeNationalLaboratory
P.O. BOX 2~8
O&Ridge,TN 37831-6362

To Worn It May Courn:

put infoaboutrelease here,

SoftwareVdlcation md Vtidation Rem

~s leti mrtifiestiat MCNPTMversion= meetstie req&ents of tie MCNPSoftwareVerificationand
Vtidation Pla

VeryTdy YOWS,

Joh. Q. Teamhader
MonteCarloTeamhader
b MamosNatid Laboratory

MCNPis a trademarkof b Regentsof b Universityof Crdifornia,hs MamosNationalLaboratory

Fig. 6. SampleLetterReleasinga MajorVersionto RSIC
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c. Responsibilities

TheMonteCarloTeamis responsiblefor maintenanceanddevelopmentofMCNPin gen-

eral, and spmifica~yfor:

a)

b)

c)

d)

e)

o

g)
h)

i)

j)

maintainingthe featureslist,

developingsoftwarerequiremenfispecificationsand softwaredesignfor new

featuresanuor substandardpatches,

integratingpatchesintoMCNP,

reviewingthe implementationof patchesintoMCNP;

testingnew features,

documentingnewfeatures,

maintainingthe buglist,

investigatingbug claims and providingcorrectionsto bugs alongwith docu-

mentationof thosebugs,

approving,concurrentwith the BoD and the Group Office,dl changes to

MCNPbeyondregularmaintenance,

fo~owingSQAproceduresdefinedin thisplan.

TheBoardof Directorshas find authorityfor ameptanceof newfeaturesintoMCNP,and

is spwificdly responsiblefor:

a) approvingadditionsanddeletionsof featuresto MCNP,

b) prioritizhg approveditemson thefeatureslist,

c) mabg recommendationsto theMonteCarloteamonrequirementsanddesign

for newfeaturesanuor substandardpatches,

d) approvingpatches for incorporationinto MCNP along with accompanying

documentation,

e) approving,concurrentwith the Monte CarloTeamand the Group Office,dl

changesto MCNPbeyondregtiar maintenance,

~ followingSQAproceduresdefinedin thisplan.
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The GroupOfficeis responsiblefor softwarequalityassurancefor MC~ in general,and

specificallyfor:

a) assigninggroupmembersto the BoD,

b) approving,concurrentwith the MonteCarloTeamandthe BoD,dl changesto

MC~ beyondregularmaintenance.

The User Communitymay:

a) makesuggestionsfor featuresto be addedto the featureslist,

b) reportbugsfoundto the MonteCarloTeam.

~1. DOCUMENTATION

The followingdocumentscontrolthe developmentof MCW:

a)

b)

c)

d)

e)

The MCM featuresandbug lists.

Chapter2 of the MCM Manual.3Thissectionof theMC~ manualdescribes

the functions, performance criteria, design constraints, and attributes of

MC~. It dso describes the componentsand subcomponen~of the MC~

softwaredesign,includingdatabasesandinternalinterfaces.Theexternaluser

interface is described in Chapter 3. The MCN manual is updati at each

majorversion.

Patch documentation.Ml features added since the last publicationof the

MC~ manualaredocumentedin L~ memorandaandarereferencedin the

majorpatch convertingtie previousversionof MC~ to the currentversion.

SeeFig. 7 for an exampleof a LN memodocumentinga patch.

The MC~ Software Verification and Vrdidation Plan (SVVP) (see

AppendixA).

The MC~ SoftwareVerificationand VahdationReport.ThisReportis docu-

mentedin Fig. 6, a sampleletterreleasinga new majorversionof the code to

RSIC.

14



~ me MC~Manud. Userdocumentationis containedin the MCW manual.

g) me MC~ SoftwareConfigurationManagementPlan (seeAppendixB).

SeeAppendixC for a crossreferencebetweentheMCN SQAcontro~ingdocumentsand

the minimumdocumentationrequiredby IEEE730.1.
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Los Alamos
NATIONAL LABORATORY

TOMS:Monte Carlo Team Leader, XTM

FromflS: MCNPTMcode Developer, XTM

memorandum Phone/FM: 51678915-5538

~lidTheoreticd& ComWtationalPhfl&DiviSiOn
Symbol:XTM-yy-M

WM, TranspofiMeth&sGroup Date: Month, Day, Year

MCNP4XNDOCUMENTATION

~s memodestibes thereqfid dmentation wompany~ theMCNP4bpatih MN@4~.

Rt the SOftwmreqti ents~Klcation d~mentation here.

~t & softwaredesigndetiption hm.

&tibe theUser kterf- Here.

Wtibe the testingandvalidationof thePati here.

MCW is a trademarkof theRegentsof theUniversityof Cdifomia,bs *OS Natiod Laboratory.

Fig. 7. SampleMemoDewribingPatchDocumentation
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w. STANDARDS,PRACTICES,CONVENTIONS,ANDMETRICS

This sectionidentifiesthe stidards, practices,conventions,and metricsto be appliedto

the developmentof MC~, andidentifieshowcompliancewiththeseitemsis to be monitoredand

assurd.

A. DocumentationStandards

Patchfilecommentarymustreferencethe appropriateL~ memorandaan~or otherref-

erence, and include the date and initials of the developer.W patch files are reviewedby the

Monte Carlo Teamand the BoD after irnplemenmtioninto the code.This reviewis documented

by LANLmemo.

B. LogicStructureStandards

The ANSI C and Fortran77 standardsare used.AUcode is compiledwith ANSIC and

Fortran77 stidard compilers,thusassuringthe languagestandard.

c. CodingStandards

MCNPis programmedin the styleofDr.ThomasN.K. Godfrey,theprincipalMCNPpro-

grammer from 1975-1989.The Fortran used strictiyadheresto the ANSIFortran 77 standard.

Variabledimensionsfor arraysare achievedby massiveuse of EQUIVALENCEstatementsand

offsetindexing.Ml variableslocalto a routineare no morethan twocharactersin length,and dl

COMMONvariablesare betweenthree and six charactersin length.Theprincipalcharacteristic

of Tom Godfrey’sstyle is ih terseness.Ml patches acceptedfor inclusionM MCNPare put in

Godfreystyleduringthe integrationandimplementationstepby MCNPcodedevelopers.

D. CommentaryStandards

The MCNPpatchfilehas a commentforeverychangein the codefromonemajorversion

to another.For absolutelytrivirdandobviouschanges,the commentin thepatchfileis sufficient.

Variableand arraynamesare documentedin the MCNPmanual.

E. TestingStandardsand Practices

MCNPtestingis doneunderthe auspicesof the SVVP;seeAppendixA.

17



F. SelectedSoftwareQualityAssuranceProductandProcessMetrics

Not applicable.

v. REV~WS ANDAUDITS

A. Purpose

This sectiondefinesthe technicalandmaagerid reviewsandauditsto be conducted,how

they are to be accomplished,and what further actionsare requiredto see that they are imple-

mentedandverified.

B. F~ture Reviews

Al featuresand otherchangesto MCNPmustbeplacedon theMCNPfeaturesor buglist,

exceptfor trivialcodemaintenanceitems(suchas deletingreferencesto CTSSandotier obsolete

systems,removingblank fines,etc.). Approvalfromthe MCNPBoD is requiredbeforefeatures

can be accepti for integrationinto MCNP.Ml memorandadescribingtheproposedchangesand

changesto proposedfeaturesare circulatedthroughthe XTMGroup Officefor optionalGroup

Officereview.Ml BoDmeetingnotesanddatedfeaturesfistsarestoredarchivdly.

This reviewis more of a managementthan a technicalreview,andrelieson the expertise

and experienceof the XTMin determiningwhethera featureis desirableandimplementablewith

the current resources and budget.The outcomeof this review is documentedas acceptanceor

rejmtion of the featureon the featuresfist.

c. htermediate VersionPatchand PatchDocumentationReview

Ml patches to MCNPare reviewedby the MonteCarloTeamand the Boardof Directors

before and after implementationinto intermediateand major versionsof the code. The Monte

CarloTeamhader of the TransportMethodsGroupcertifiesthat intermediateandmajorversion

patches to MCNP meet O softwarerequirementsspecificationsand are properlydesignedand

implementedin MCNP.The Teamkader dso reviews the documentationof intermediateand

majorversionpatches.Thispatch documentationmustincludethe softwarerequirementsspecifi-

cations,describethe softwaredesign,sp~ify the user interface,anddescribethe testingandvali-

dationof the patch.
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This review is both technicaland managerial,and relies on the expertiseof the Monte

CarloTeam.It is documentedby memoranda;seeFig.4 for a sampleof this reviewdocumented

on tie patchreleasememo.

D. CodingReviewsandAudih

Codingchangesare multiplyreviewed.Everyline of code is reviewedby both the patch

originatorand by a separatecodedeveloperintegratingthepatchintoan intermediateMC~ ver-

sion. ~is review takes place at the same time as patch integrationand serves as a functional

audit.

When a new intermediateversionof MC~ is ready for customerrelease,everychange

from the previous version is again reviewedby either the principalMC~ programmeror the

Monte CarloTeamleader.This reviewappliesto the intermediateversiondocumentationmemo

as we~ andis a physicalaudit.

The Monte Carlo TeamLeader is responsiblefor ensuringthat every line of coding in

MC~ is multiplyreviewed.The MonteCarloTeamkader certifieson the memoreleasingthe

intermediateversionfor customersthat theseversionshavepassedtheseaudits.SeeFig.4 for an

exampleof this memo.

E. DocumentationReviews

The MC~ manualis reviewedby dl membersof the MonteCarloTeamand additional

qutified LM staffwho are on the MC~ BoD.TheMonteCarloTeamLeadercertifieson the

memoreleasingthe MC~ manualthat the new versionhaspassedthis review.SeeFig. 8 for an

exampleof this memo.

F. CrossReference

See AppendixD for a crossreferencebetweenthe MCW SQAreviewsandthe minimum

reviewsand auditsrequiredby IEEE730.1.
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Los Alamos
NATIONAL LABORATORY

To~S: Distribution

FromflS: Monte Carlo Team Leader, XTM

memorandum Phone/FN: 5-6789/5-5=8

~li&Theoretic&& ComwtationalPhvs&Division symbol: XTM-~-m

fiM, TranspoflMethdsGroup - Date:Month, Date, Year

MCNP4BMANUALUPDATE

This memoannounas h releaseof h MWm manualversion4B.W mmti hasbeenpr~rly mviewti md
approvedby b Men@CarloTeamandb MCW BoardofD~ors. Newfeatis detibed in & msnti klude:

Putmwfeature infohere

Fig. 8. SampleMCNPManualReleaseMemo
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VI. TEST

W SQAtestsfor MCNPare describedin the SVVP(seeAppendixA).

h addition, a number of benchmarkcalculationshave been performedon MCNP to

ensure agreementwith physicalexperiments.The benchmarkingprogramis an ongoingand col-

laborativeeffort,and a numberof benchmarkdocumentsareavailablefromL~, GeneralElec-

tric, andWestinghouse,whohavedl doneMCNPbenchmarking.Thesebenchmarksare:

1)

2)

3)

4)

5)

6)

7)

MCNP:PhotonBenchmarkProblems,DanielJ. Whalen,DavidE. Hollowefl,

JohnS. Hendricks,LA-12196,LosMamosNationrdLaboratory,Sept. 1991.

MCNP: Neutron BenchmarkProblems,Daniel J. Whalen,et.d, LA-12212,

hs Mamos NationalLaboratory,Nov.1991.

MCNP: Criticti@ Safety BenchmarkProblems,John C. Wagner,James E.

Sisolak,Gregg W. McMnney,LA-12415,Los Marnos NationalLaboratory,

Oct. 1992.

BenchmarkAnalysisof MCNPENDF~-VI Eon, John D. Court,RonaldC.

Brockhoff,John S. Hendricks,LA-12884,Los Mamos NationalLaboratory,

Dee, 1994.

Comptison of First-Principlesof MCNP Cdcdations of NM and BGO

DetectorResponseFunctionsto Measurements,Guy P.Estes,John T. fiiese,

RobertG. Schrandt,LA-12391,bs MamosNationalLaboratory,Sept. 1992.

LawrenceLivermorePulsedSphereBenchmarkAnalysisof MCNPENDF~-

VI, John D. Court,RonaldC. Brockhoff,John S. Hendricks,LA-12885,Los

MarnosNationalLaboratory,D=. 1994.

MCNP ENDF~-W Validation:InfiniteMtia Comparisonsof ENDFB-VI

and ENDFE-V,JohnD. Court,JohnS. Hendricks,StephanieC. Frtie, LA–

12887,hs Mamos NationalLaboratory,Dec. 1994.

The abovebenchmarksarepart of a coordinatedMCNPbenchmarkingeffort.In addition,

manylaboratoriesthroughoutthe worldbenchmarkMCNPfor theti ownpurposes,andthe scien-

tific literatureincludes10-30MCNPbenchmarksper year by otherorganizations.These are not

part of the MCNPSQAP,but theydo provideconfidencein the code.
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VII. PROBLEMREPORT~G ANDCORRECTNEACTION

M suspectedproblemswith MCNPshouldbe reportedto the MonteCarloTeamof the

LANLTransportMethoti Group.The e-mail addressis mcnp@ld.gov. Ml reportedproblems

are examined;those tiat are not user error and are nontrivialare loggedinto the MCNPbug list

and tivestigated. Trivial bugs (incorrectspellingin the code, etc.) may be addedto the patch

immediatelywithoutfurtherdocumentation.Cashawardsaregivenas an incentiveto get usersto

reportproblems.Bugreportsare sentto an e-maildistributionlist periodicdly.

Correctiveactionis loggedinto the MCNPbug fist and implementedin the MCNPpatch

for the nextversionof the code.For rdlbut themostobviouscorrections,a memois dso prepared

describingthe problem fix, consequences,and any possiblework-arounds;this memois refer-

encedin the MCNPbug list.

Problemsidentifiedin the softwaredevelopmentandmaintenanceprocessare therespon-

sibilityof the MonteCarloTeambader, whois rdsotitimately responsiblefor softwareproblem

reportingandcorrectiveaction.

VI~. TOOLS,TECHNIQUES,ANDMETHODOLOGIES

MCNPpatchesare writtenin the ‘update’formatthatcan be utifizedby commercialsoft-

ware productssuch as Opcode*Historianor a shortpreprocessingutilitycalledprpr that is pro-

videdwith the code.

m. CODECONTROL

Majorversionsof MCNPreleasedto RSICare controlledby RSIC.Intermediateversions

and documentationare controlledby the MonteCarloTeam.Theyare storedon the Los Aamos

CommonFile System, with passwordprotectionwhere appropriate,and on a restrictedauss

workstationnetwork.

x. MEDW CONTROL

Major versionsof MCNPare defiveredto RSICwherethey are storeduponRSICmedia

accordingto RSICprocedures.

*-e. kc., Austi, Texas
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XI. S~PLIER CONTROL

MCNPis self-containedand does not dependupon supptiersoftwarebeyonda standard

ANSIFortran77 compderand a standardC compiler,graphicsfibraries,standardFortranand C

mathlibraries,and Pm softwarefordistributedprocessormultitasking.

XII. RECORDSCOLLECTION,MAINTENANCE,ANDRETENTION

Ml SQA documentationis maintainedand retained by the LANL TransportMethods

Group.

XI~. TRA~~G

No trainingactivitiesarenecessaryto meetthe needsof the SQAP.

HV. RISKMANAGEMENT:

Since MCNP is not a commercialcode and is not subjectto specificcost and schedule

constraints,this sectionis not applicable.Technicalqutity is, of course,dependenton the exper-

tise of the X~ group,andthereforeno specialtechniquesareusedto managetherisk of techni-

cal inadequacy.
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APPEND~ A

MCNPSoftwareVerifimtionandValidationPlan.

I. PURPOSE

The Purpose of the MC~ SoftwareVerificationand Vtidation Plan is to describethe

methods used to verify that a) softwarerequiremen~ have been approvedby an appropriate

authority,b) the requiremen~have been implement in the design,and c) the designis implem-

ented correcdyby the code.It alsodescribesthe methodsusedto validatethatwhenthe codeis

executed,it compfieswith the softwarerequirements.

n. VERWICATION

A. Approvalof Requiremenfi

Al intermediateand majorversionpatchesto MCN mustbe accompaniedby documen-

tation. (SeeFig. 7 for an example.)Thisdocumentationmustdescribethe softwarerequirements

specifications.The patch, along with its documentation,must be approvedby consensusof the

Group Office,MC~ BoD, and the Monte Carlo Team.The Monte CarloTeamhader of the

TransportMetiods Group shall certify that patches to MC~ meet dl softwarerequirements

specifications.

B. Approvalof Dmign

M intermediateandmajorversionpatchesto MCW mustbe accompaniedby documen-

tation. (See Fig. 7 for an example.)This documentationmust describethe softwaredesign and

show how the designirnplementitie requirementsspecification.The patch alongwith ih docu-

mentationmust be approvedby consensusof the GroupOffice,MCW Board of Directors,and

the MonteCarloTeam.TheMonteCarloTeamUader of the TransportMethodsGroupshallcer-

tify that patches to MC~ meet dl software requirementsspecificationsand are properly

designed.
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c. Approvalof bplementation

Al intermediateand major versionpatches to MCNPare reviewd by the Monte Carlo

Team and the Board of Directors both before and after implementationinto intermediateand

major versions of the code. Codingchangesmust be multiplyreviewed.Every line of code is

reviewedby boti the patch originatoror a MonteCarloTeammemberand by a separateMonte

CarloTeamcode developerassignedto integratethe patch into an intermediateMCNPversion.

The Monte Carlo Team Leader of the TransportMethodsGroup shall certify that patches to

MCNPmeet dl softwarerequtiementsspecificationsand areproperlydesignedandimplemented

in MCNP.

m. VALIDATION

Ml new featuresincorporatedinto MCN are validatedby test. This test set is describd

in Ref. 4. Thesefeatures,afterbeingintegrati intoan intermediateversionof MCNP,must:

a) pass the MCNP test set for the previouspatch versionto ensurethat they do

not affectunrelatedpark of thecode,and

b) pass the MCNPtest set modifiedto includethe newfeature.

To ‘pass’ the test set means that by running the test problems,it is shownthat MCNP

incorporatesthe requirement that the test set is designedto measure,reproducingthe resul~

exacflywhenthe samerandomnumberseedis used.

Eachbug correctionshti result in a modificationof the MCNPtest set so thathad the test

problemsbeen so modified,they wouldhavecaughtthe bug that wascorrected.Thus by design,

each bug fixcauses dl old versionsof MCNPto ftil the new test set. Ml changesto the test set

willbe documentedin the test set documentation.

Intermediateversionsof MCNPshallbe providd to the approximately2W MCNPusers

at hs Mamos and someto customersouhide LosMamos,so thatMCNPis run on a widevariety

of problemsmanytiousands of timesbeforereleaseto RSIC.
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APPENDMB

MCNPSoftwareConfigurationManagementPlan

I. PURPOSE

The purpose of the MCN SoftwareConfigurationManagementPlan is to describethe

methods of configurationidentification,control,and status accountingthat apply to the MCNP

softwaredevelopmentprocess.

n. SCOPE

The MC~ softwareconfigurationmanagementplan appfiesonly to the MC~ Fortran

and C source codes. Auxifiarycodes,updatememos,data libraries,systemtibraries,and docu-

mentation,etc., are not covered.

~L CONFIGURATION~ENTIFICATION

A majorversionof MCNP&relemedthroughtheRadiationShieldinghformation Center

in OW Ridge,Tennessee,approximatelyevery2-3 years.Majorversionsof MC~ are uniquely

identifiedas “MCNX” with X incrementingnumericallyan~or dphabeticdy. Majorversions

of MCN have been approval for releaseto RSICby consensusbetweenthe MonteCarloTeam,

the Board of Directors, and the Group Office.The major versionsof MCN and their release

dateshavebeen:
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8D7

5n8

9D9

12/80

5#2

2B3

9B3

9f15

8n8

3B1

10B3

MWIA

MWIB

MC~

MC=

MC~C

MC~D

MCW3

MW3A

MCW3B

MC~4

MCW4A.

Intermdate versions of MCW are those revisionsof a majorversionthat includenew

featuresbut have not bwn releasedto RSIC.Intermediateversionsof MC~ are uniquelyidenti-

fiedwith a uniqueversionnamelke “MC~XK,” withMC~X the majorversion,andK incre-

menting alphabetically. Interm~ate versions of MCN dso have a unique load date.

Intermediateversionsof MC~ have beenapprovedfor releaseto customersby the leaderof the

MonteCarloTeam.

Developmentalversionsof MC~ are “workin-progress”versionsof the code.They are

not to be distributedoutsidethe MonteCarloTeam.Theyare identifiedby the MCN intermedi-

ate versionnumberthat theymodify,but witha differentloaddate.The loaddatemustbe printed

everytime the code is executed.

Oneof theprincipalattractionsof MC~ is thatit canbe easflymodifiedby usersfor their

unique needs. AppendixC of the MC~ manualdescribeshow to modifyMCN. These user-

modifiedversionsof MCN are not coveredby the MC~ SQN, nor are theysubjectto MC~

configurationmanagement.
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w. CO~IGURATION CHANGECONTROL

Ml changes to ktermediate and major versionsof the code are made by implementing

approvedpatches.When the MonteCarloTeamdecidesthat an interrndate versionis ready to

becomea majorversionof MC~, approvalis receivedfromboththe MCN BoDandtheGroup

Officeconcurrently.Thenthe intermediateversionis “frozen”and the additionof newfeaturesis

prohibited.After sustaineduse by friendy users, the MonteCarloTeamwill determinethat the

code has demonstratedsufficientrobustnessfor internationrdrelease.Then,with the approvalof

the MC~ BoD and the GroupOffice,the last intermediateversionis renamedas the new major

version,frozen,and sent to RSIC.

A major versionof MC~ is archivaland is not to be modified.H significanterrors are

discoveredin a majorversion,either

1) a correctedversionwi~ be sentto RSICfor internationrddistributionor

2) a correctionpatchor install.fixfile(seeAppendixC of theMC~ manual)will

be sent to RSIC and made availableelectronicdy so that MC~ may be

reinstalledwith the correctionor

3) a work-around will be sent to customer users and documented for later

distributionto d users.(Awork-aroundis a messageto userson howto avoid

the problem.)

If a correcti version or correctionpatch is distributed, the MCW version wi~ be

renamed.

Al intermediateand major version patches are documented.The documentationmust

describethe softwarerqukemenh specifications,describethe softwaredesign,specifythe user

interface, and describe the testing and validationof the patch. This documentationshould be

appropriatefor inclusionin chapters2 @hysics)and 3 (userinterface)of the MC~ manual.In

the patch, the revision must include a commentarydescribingthe patch,giving the date it was

implemented,andreferencingthe patchdmumentition.

At eachnewmajorversionof MC~, theMC~ manualmustberevisal accordingly.
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v. CONFIGURATIONSTATUSACCOUNTING

The mnfiguration stitus of MC~ is dmumented in the features list. The features list

recordswhetherthe featie has beenapproved,disapproved,or is a newfeatureand,for approved

features,whetherwork is underwayor is finishd. If the work is finished,the date and version

numberare listed.Themajorversionsof MC~ aredmumentedin the MCN manual.

VI. RESPONS~ILIT~S

The MonteCarloTeamis responsiblefor softwareconfigurationmanagementfor MCN.

30



APPENDIXC

CrossReferenceBetweenMCNPSQAControllingDocumentsandthe Minimum
DocumentationRequiredby ~EE 730.1

I. SOFTWAREREQUIREMENTSSPEC~ICATION

The softwarerequtiementsspecificationfor the currentmajor RSIC-releasedversion of

MCNPis Chapter2 of the MCNPmanual.htermediate and majorversionpatchdocumentation

describesthe softwarerequirement spmificationforeachin~vidud patch.

m. SOFTWAREDESIGNDESCRWTION

The softwaredesign description(SDD)for the current major RSIC-releasedversion of

MCNPis in Chapter2 of the MCNPmanual.hterrnediate and majorversionpatch documenta-

tiondescribethe designof eachindividud patch.

~L SOFTWAREVER~ICATIONANDVAL~ATIONPLAN(SVVP)

SWAppen&xA.

w. SOFTWAREVER~ICATIONANDVAL~ATIONREPORT(SVVR)

The Monte Carlo Team hader shall urtify by LANL memorandumthat each major

release versionof MCNPto RSIC meefi the SVVP.Figure6 (sampleletterreleasinga new ver-

sion to RSIC)containsthiscertifi~tion.

v. USERDOCUMENTATION

TheMCNP manualspecifiesand describesthe requiredMCNPdata and control inputs,

input sequenus, options,programlimitations,and other activitiesand items necessaryfor suc-

ussful exwution of MCNP.

VI. SOFTWARECONFIGURATIONMANAGEMENTPLAN(SCMP)

See AppendixB.
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APPENDIXD

CrossReferenwBetweentheMCNPSQAReviewandAudi@andtheMinimum
ReviewsandAuditi Requiredby ~EE 730.1

I. PURPOSE

This sectiondescribestheminimumset of reviewsandauditsrequiredby IEEE730.1and

explainshow theMCNPSQAreviewsandauditsfulfilltheserequirements.

n. SOFTWAREREQUIREMENTSREVIEW

A SoftwareRequirementsReviewensuresthe adequacyof the requirementsstatedin the

softwarerequirementsspecification.The MC~ review that accomplishesthis function is the

Patch andPatchDocumentationReview.

~1. PRELI~ARY DESIGNREVIEW

The Preliminary Design Review evaluates the technical adequacy of the preliminary

design of the software as depictedin the prelimin~ softwaredesign description.The MCN

reviewthat ~ompfishes this functionis thePatchandPatchDocumentationReview.

w. CRITICALDESIGNREVIEW

The CriticalDesignReviewdeterminesthe awptabdity of the detailedsoftwaredesigns,

as depictedin the detafledsoftwaredesigndescription,in satisfyingthe requirementsof the soft-

ware requiremenfispecification.The MCNPreviewthat accomphshesthis functionis the Patch

and PatchDocumentationReview.

v. SOFTWAREVER~ICATIONANDVAL~ATIONPLANREVIEW

The SoftwareVerificationand Vtidation Plan Reviewevaluatesthe adequacyand com-

pletenessof the verificationandvalidationmethodsdefinedin the SVVP.SincetheMCNPSVVP

is AppendixA of the MCNPSQAP,it is reviewedat thesametimeas the SQAP.
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VI. D6 FUNCTIONALAUDIT

A functionalaudit is held prior to softwaredeliveryto verifythat dl requirementsspeci-

fied in the softwarerequirementsspecificationhave been met. The MC~ reviewthat accom-

plishesthis functionis the CodingReviewandAudit.

VII. D7 PHYSICALAUDIT

A PhysicalAudit is held to verify that the softwareand its documentationare internally

consistent and are ready for delivery.The MCN Reviewthat accomplishthis functionis the

CodingReviewandAudit.

VI~. ~-PROCESS AUDITS

An in-processauditis heldto verifyconsistenceof design.TheMCW reviewthat accom-

plishesthis functionis the Featuresreview.

m. MANAGER~L REV~WS

Managerialreviewsassesstheexecutionof rdlof the actionsandthe itemsidentifiedin the

SQAP.The MC~ reviewthat accomplishesthis is a Group-Office-tiectedauditof the software

qualityassuranceprogramfor MCN.

x. SOFTWARECONFIGURATIONMANAGEMENTPLANREWEW

This review evaluatesthe adequacyand completenessof the configurationmanagement

methodsdefinedk the SCMP.Sincethe SCMPis part of the SQAP,it is reviewedalongwith the

SQAP.

XI. POSTMORTEMREVIEW

A Post Mortem Review is held at tie conclusionof the project to assess the activities

implementedon the projectand to providerecommendationsof appropriateactions.This review

is not appropriateto the MCNP softwaredevelopmentprocess,since it is an iterative,on-going

processandis not concludd.
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APPEND~ E

CrossReferenceBetweentheMCNPSQAP,IEEE730.1,and1S0-9000-3

TABLE I: DWUMENT ANDSTANDARDCROSS RE~RENCE

MCNP SQAP ~EE 730.1 1S0 9000-3

1. 3.1 5.5.1

1.1 Pti Reviews 3.6.2.4,3.6.2.8,3.6.2.9 4.1.1.3

2. R&E= hU~ntS 3.2 notapptiabk

3. me-t 3.3 4.1.1.2.1,4.1.1.2.3,5.4.2.2

3.1 Qtiation 3.1 notappficabk

3.2 Tmk 33.2,3.4.2 5.1,5.4.1,5.4.2.1

3.2.1 Crept *ldon 33.2 notappkabk

3.2.2 Rquhmnts &Design 3.3.2 5.3.1,5.6.2

3.2.3 hplemntation 33,2 notapptiable

3.2.4 T=t 3.3.2 notapp~abk

3.2.5 htition & ~tiut 33.2 notapplicable

3.2.6 -tion &ti~ 3.3.2 5.10.5,5.10.6

3.2.7 R-m 3.3.2 notappbabk

3.3 RwponaiWties 3.3.3 notappkabk

4. Da=tion 3.4,3.4.1,3.4.2.1,3.4.2.2,3.4.2.55.4.4,5.4.5

5. s~, Wtim, conventions, 35,3.5.1 5.6.3
and~tiS

5.1 Dmumtation Stiti 3.5.2 notapphabk

5.2 bgk Smdm s~ 33.2 notapptimble

5.3 codings~ 3.5.2 notappkable

5.4 CO-* ~ 3S.2 notappkabk

5.5 TestingS~ and~tiS 3.5.2 notappkabk

5.6 Sekti sdw qutity ass~ 3,5.2 notapphabk
pdud andp~ mtis

6. ReviewsandAuti 3.6 4.3,5.4.3,5.6.4

6.1 @ose 3.6.1 n~ appfimbk

6.2 k-Review 3.6.2.7 notappkable
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TABLE I: DOCUMENT ANDSTANDARDCROSS RE~RENCE (cont.)

MCNP SQAP EEE 730.1 1S0 9000-3

6.3 bteete Vmion Pti andPati 3.6.2.1,3.6.2.2,3.6.2.3 notappficabk
Wumentation Review

6.4 CodingReviewsandAudits 3.6.2.5,3.6.2.6 notappkabk

6.5 Wumentation Reviews 3.6.3 notapptiabk

6.6 C- Rekti 3.6.2 notappkabk

7. Tat 3.7 5.7.1

8. tibkmRe- andCave A&on 3.8 4.4

9. Took,ti~UM, and metiodole 3.9 5.4.2.3,6.6

10. Codewn~l 3.10 notappkabk

11. m Ctiol 3.11 notappkabk

12. SuppfiaWmd 3.12 notappficabk

13. RwmdsWWW, ~W, 3.13 notappkabk
andretention

14. T- 3.14 6.9

15. R&Management. 3.15 notappkabk

A. MCNPSofiwm Vefition 3.4.2.3 4.1.1.2.2,5.4.6
andVfidationPh

B. MCNPSofiwm Cofigumtion 3.4.2.6 6.1.1,6.1.2,6.1.3.1,6.1.3.2,6.1.3.3
ManagementPti

c. Cm Refire= betweenMCNPSQA 3.6.3 notapptibk
a- dmumentsandb minimum
dwumetion ~uti by _ 730.1

D. C- m~mti betw= b MCNPSQA 3.6.2 notappkable
reviewsandauditsandtie minimum
reviewsandauditswti by=
730.1

E. - m~- be-b MN notapplicable notapptiabk
SQAP,= 730.1,and= -3

F. Detitions andhyms notappbbk notappfimbk

G. Fwm andTabk notappticabk notapplicable
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APPENDIXF

Benchmark

BoD

CFS

DevelopmentalVersion

GroupOffice

~EE

Intermdate Version

1s0

LANL

MajorVersion

MCNP

Patch

RSIC

SCMP

SQA

SQAP

SW

DefinitionsandAcronyms

. The process of reviewingsoftwarerequirementsanwor
implementationto ensure that the models which the
requirementsdescribe are consistent with the physical
realitythey are intendedto portray.

- MCNPBoardof Directors

- CommonFile Systemin the LANLIntegratedComputer
Network

“work in-progress”version of the code, not released to
users

- = managementconsistingof the Group hader and
DeputyGroupLeader.

- Instituteof ElectricalandElectronicsEngineers

- those revisionsof a major version that includenew fea-
turesbut havenotbeenreleasedto RSIC

- InternationalOrganizationfor Standardization

- LosAlamosNationalLaboratory

- versionreleasedto RSICfor internationaldistribution

- MonteCarloN-Particleradiationtransportcode

. a filein ‘update’utifityformatthatchangesoneversionof
MCNPto another

- RadiationShieldingInformationCenter

- SoftwareConfigurationManagementPlan

- SoftwareQurdityAssurance

- SoftwareQualityAssurancePlan

- SoftwareVerificationandValidationPlan
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SVVR - SoftwareVerificationandValidationReport

Validation(forsoftware) - The processof evaluatingsoftwareto ensurecompliance
with requirements.This processcan includethe require-
ments to be as close as possibleto physicalbenchmark,
but it can also includesoftwarerequiremen~that haveno
relation to the physicalworld (for example,the require-
mentcouldbe that the softwaremust includePVMmulti-
tashg.)

Verification(forsoftware)-Theprocessof evaluatingtheproductsof a givenphaseto
ensure correctness and consistencywith respect to the
productsandstandardsprovidedas inputto thatphase

- L- TransportMethodsGroup
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TABLE U: MCNPTASKS

Monte Board of
Carlo T- Dimtors GroupOfie Doeumentition

ConceptExploration

. Compk Feat- List x &tms ht. Stodmhivdy
onCFS

9 Rat-Review

- Approveordisap~e x bpw orRej*ion
ferns fortilusion dmumenti on~t- List

- Prioriti features x dmumentedonthefeatms
ht

Requirements& Design

● Pati Review

- ~~ Pad qufiments x dmumentedby LNL memo
&*to= if theyexist

- w m~ .Ons x dmumenti by ML memo
aboutadditionrdMuire-
mmts& design

- kVkW patchform*- X documentedby LANLmemo
rims;d- theda@ impk-
mentthequirements?

- ReviewPWh dmumenta- X dmumentedby ML memo
tionforWmpkteness

. Developpati quirements x dmummti inptih
&hign dmumatation

● Dmment pmh quirements x byH memo
&desire

● Apprwepatches&-h x x x byL~L memo
dwumentation

bplementation

● hpkment Ptihes x inpatchcommentary

● C* Au&@eview x byML memo

● Reviewpatchwmmen~ x by ML memo
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TABLEII: MCW TASKS(cont.)

Board of
Di~tors GroupOffice

Test

Monte
CarloTeam

x

kumentition

● M- thetestsetso thatb

I
x

I
in @tsetkumentation

newfeatureis testi

hstallation&Checkout

9 MM MCW &w teatset x byW memoto user

Operation&Maintenance I I I I
● Comptie&MaintainBugList x

I
bught,stored tivdy on
as

QhvestigateBugk x inhg &t

● hplement Approp~ Bug x inpati commentary
F&es

Retirement I I I I
● Approvemajorversionrekase x x x byNL memo
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