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5B8H6008

B

ASHREE (Verification) BLMBLMMETE (Validation) 5HE (BIF. V & VEHE &FES) X, Non Re-Writable
(NRW) Field Programmable Gate Array (FPGA) Based PRM System Qualification Project(F P G ABIH
WREZSGVRATFARRAIOD 27 N OEHICAEESN. [F | RIRTOBA LIS (PN-0020614) [CTIE
EENBVE&VHBEEREHLETIEEZBNET S,

ZREE
2.1. ERIEE
(1) & | 81517 BAMEZE “Procurement Specification for Test Specimen Units,

Interconnecting Cables” =« « » + - PN-0020614 Rev.2
(2) [E | RIF41T ERH4%ZE “Equipment Requirement Specification
of FPGA based Units” = » - FPG-R@S-C51-0001 Rev.6
(3) [RI1R%T V7 b7 RERAAES
“Software Quality Assurance Plan” =+ * - FPG-PLN-C51-0002 Rev.?2
(4) R RIFT V& VEIESE .
“Verification and Validation Plan” + « « FPG-PLN~C51-0006 Rev.3

(5) [R 71347 RETEE “Project Quality AssurancePlan” » « « » « o = « & 5B8HB000 Rev.5
(6) [RTIFRIT 2FTIIBR -+« v v v v oo v s e m e e e e CZ-05025 Rev.6
2.2, HRE%E
(1) IR 71EE FPGABIGRIREE - » -« o v v v e vt v vt v o D-68016 Rev.3
(2) R 71BE FPGAFNARBIREE -« + - v v v o v v v v ot v v D-68017 Rev.?2
(3) IR 71EE FEBREBE - - - -+ o v v v v et v v i v oo v v v v D-68018 Rev.3
(4) [R>7]B%E FPGABHEBREE 0. S L I D-68019 Rev.?2
(5) IF>718BE FPGAVRTFAVI D zZY—VEBELE - - - « "+« - D-68020 Rev.2
(6) [RO7]EE MEMAEBREOEREE - - - v cr v v o e D-67019 Rev.5
(7) [BRoTIBE VYINIITAFATEE -EERE » - » o0 v v 00 o D-67003 Rev.9
(8) Dﬁi:/ﬂiﬁﬁ j%#égg-_;g ....................... D-67023 Rev.4
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3. EELMEE
1. BE

(1) #BE=FE(FE: Functional Element):

BEEEZRF ER MRBAREERTHY. 219 -V FRMERUTRR2CKRIENEDDE
#§9. FEIZVHDLTEMRENTILVS, NRW-FPGA Based PRM System®DVHD LY —Xa— K[,
FELFERMDEROAMSEBRENS.

(2) Y a=J) (module) :

A=y MEBHETHENM, TP a—-bEROONBEFED. PIZAIE. EEER. AC-DC I

N—F., ARO & - TETVE, 2=y FOEESE, :
(3) 2y bYRD (netlist) :

REERY—NVICL > TERENBREDORR, RFFBRFFPGAR 9EVHDLY—RO—
RoETidds, REARY—NE. VHDLY—RO—KEpSHREEERL, 2y FURMD
FTHAT S, BEEREY—IME. 2y PR MPSFPGAICRETZED. NEBEEOYIEN
BEBERETS. COBERIEFPGAEaA—-XTY T EEENS,

(4) 2=y b (umit) :

NRW-FPGA Based PRM System (k. LPRM =+ [, LPRM/APRM .= ;. FLOW 2=w hSIBRRE
h3d, 1=y MIRAT - FALTDI v+~ T ABICES 2 - EZEHT S,

(5) el (validation) :

BHETARABENDEEERDHREIN TR &%, RELEHRNATRORRICK > THESE
THIE,

(6) #EE(verification):
BESNEERPBEENTNEILE,. RELEHNSTEHROERICK> TEAETSHZ L.

3.2. WBRE

(1) FPGA :Field Programmable Gate Array. FPGA-Based PRM System use non rewritaple FPGA as
key components to perform their functions.

(2) PRM :Power RangeMonitor. PRMmonitors the reactor power in the power range using neutron
flux values measured in the reactor core.

(3) RTM :Requirements Traceability Matrix

(4) VHDL :Very High Speed Integrated Circuit Hardware Definition Language.

(5) V&V :Verification and Validation

(6) VVP :Verification and Validation Plan

(7) VVR :Verification and Validation Report
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4. VE&VHE
4.1. 7O 1o MEH

$FPGA@&ﬁ%%:&>XfA%ﬁ7D9:0hcswéjb9zahﬁﬁu\macﬂ%ﬁm
S EHEZ (5B8HE000) D&, LTICTRIHEITREEND,

| sewms |

BE QO 0¥ 140 EG 07 140
& QABHEEE

BEC W D |
V&VIEY T
| I' """" 1 E """"""""" L E— I"""""""""'""'i
§i§ﬁ§§§§§[&gﬁaaﬁJ i
e g |
| xmm | [ qcmx | qams ||
BLAE FRR S T | |,

RRHFIE (7> 7]

BRRHBLIN— TR (E 7] (RM)

UERHRERS (Fy7] (Ro®)

BEEEELRE [(Fy7] (BB

BE(JOUTs DEEE. BEHANEEE X1 | (BT

BE(FOUTH 1) QABSREE X2 | By 718E (271 (29

BE(OUzs MV VIBAEES BHESRES | (57

) %1 0d (R %] BOFRESE. X2 ¥ [Be] B0RES

(1) BSBME :

HNRWARIL. REHEEBLUEV & VHESORRICDOWTEAR TR EICLY., O s
PASTBEVVE&VAHEZEREL., EBOXRTELEZRBHEBICEETS. 46, HaEaBRE. &
DRAFyFICBET AN, FEEFMEERIILICEY. APz sy b OETICEST 3,

(2) BMBE(OYzH M) V& VIBYELE '

BB (O M) VRVEEEZ BAIWFAERNSEGIND. S5, V& VEESL. HiT
ERTN—TEIFBILAVEVF—AZEBRL. VEAVF—AELEDIC, FTADzH/ MCBITS
V&VEREETTS.

(3) VRVF—A+ AUN—

V&VF=LA+ A=, BEHERT N =T EH/IIL., HPORTBHBELRAEL LOFEERD

AUN=THERINS,

4.2. I
V& VIR, [BE71RTO2EIRE (C7-05025) IC#HlT 26D LT 5,

4.3. VY7 bz 7REHERKEDORHES
V7 by TREMERKEICDONTER. [B I FIRT V7 by o7 RERESTES (FPG-PLN-C51
-0002) IcETE., AFPGABBNREZIRATARIA Az FCBIFBFPGARD v O (1,
LRI 4 (REFMERLAN) [CAEG TS,
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4.4. VEVF—A

ATODTOPDOVEVICHTAEREZBETEIVEVF—AAYN—(L. BEHF—ALEMHIL.
PORF—LDRIBELERAZELULORBEET32HDET S, TNOHDAN—(T. BEFHERICEK

UTHAr&3n. UTOEREIRY TS,
BN FriZERPg A BEH
V& VIEBSEMEE - V&VEREOHABBLUORIDLER [ >]
* FPGAEHCEDAHEDHAE (R X35 -
V&VESEE - V& VESORESLUBTES o s
- FPGAZICEDLAHEOTE (IR ¥£5% LR 71 (& M)

V&VIBLER - V& VEEOERBABLURAEER U571 (R M)
V& VIBLER - V& VEEOERBESLUVHAREES [ 71 (FEM)
VE&VIEBLER - V& VEEOERIBELBLUVBEESE IES 7] (R M)
V& VIEH - V& VEEOEREXNER IR 71 (M)

CCT. V&VEELE, FVE&VEES. RTMEES, §71—XDV&VEEEMH YLK
— R BLUV & VERBRERETRT. £k, RIFREIF PGARFICHDLIRETHY . N—FD
=7 DR RES LVEIEREIRL.

4.5. Hix

V&VF—AIE, LTOVE&VERICOWTEESHS.

1) AV & VHEZOER

2) BREHEEDOBESE (reviewer) ELTOMIVE 21—

3) RTMOVEa~ (RTMR(EFMHESZHELABS Tz —ARTMICEDISHDETS)

4) BVEVI7 1 —ADETEHLBITSZV & VREZEDRTT

V&VF—AlE, EBFHOVEVF—AICHLT, V& VEIEEELVVE& VESEELEIEEIE
HedbDET 5,

4.6. V—J)

ROY—)\EERT 5.

(1) REBEREY—) (Synplify)
VHDLY—=XO—-KZAHELTHEABEIT, netlist 218775, BIENMELT.
VHDLOXEF v &, BRENEHRBEBOBIEF v I8{THNn5,

(2) Netlist Ea—9v—)

Netlist Ea—DY—Jbid. netlist LOBEEZRBOBRERABICL> TRIATSEDICE
BEha,.

(3) EBEEY — (Designer)

BERBY—IE, 2y MR MPSFPGAICRET IO, ARRIEOMEBNIEEBEZR
£TD, COBREIFPGAE1—XRyTEFThD, BEERY—IE. Ea—Xvv T
BT A—AT, ITalb—arvIlEbh3 BT - EERT S,

(4) VHDL>ZXab—#% (PinPort)

VHDL>Zalb—#4{F, VHDLY—RaA—R&IXalb—-arvICkrTHMICERTS
EHICAWLNDE, X alb—Ia CHEERREY—IBHENTIEBETF—5ZEHERT 5.

(5) ==Y —)L(Silicon Sculptor)

2EY—IIE. FPGATNASAANEEBERHET—IDEEICANWSNIS,

chsOY—IblE, [BES71BE D-68020 TFPGASRTAVI b 7W—IILEWERE) R
o, BEINTWSHDETS, £2. ThHY—NELT. HILWEREBERYV 7 FOBREDL
KIZBEY T L EERTIESICE. BRERICHTIEREZSUVIE | RIRT V7 b0 7RHER
SEEHEIZE (FPG-PLN-C51-0002) S5 L IN[E S F15@5%E D-68020 ICRED> D LT B, . chdDy—0
ZEALAERBVEVERHICOWTIR. LBEOSETRHL., ZOERABOKEELVIIFHICOWTIE
[E 7158 D-68016 [F P G ABIRBIREE] CRSIBHDET S,
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vevr/otR

V&V7IAER%E, RD7 x—XICHMTTRET S,
(1) V& VEHEEER
(2) EkEEI7x—X
(3) &t7xz—X
(4) 2E7x—X
(5) a=w b/EYa—)Validation 7z —X

B 51 v&vZo+x

-7 -
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5.1. V& VEHEEER
V& VF—AE, FFMNRUOREITTZVE&VETEZICERLAV & VEESE (FE) 2L, (B
FHAICIRBO L, BEEES,-

5.2. BREEZ7xz—X
BREEIr—AXDVE&VEHERET S,
V&VArTy b , ‘
(1) [FE 1 BT ERMAEHEE(ERS : Equipment Requirement Specification) (FE¥ERE)
(2) 7O2x ) MIESLUHBISEE7 2 —XARTM (EHERE)
(3) A=y b EZa—IEHHE (LEA—-HD)
V&VZU Ty b
(1) BELVE21-#E
(2) BEkEEI7z—XRTM
(3) BEREE7x—XVE&VEES

0 5.2.1. BEVLEx—(Document Reviews)
V&V F—AILEITHAESE (reviewer) X, R5. 2.

£5. 2. 1 A=y bNEDa-VERRIHES

5B8H6008

1 ICRTHEOREVE—%21T5,

No. &R HEES HE

1 |LPRMa=w F #E38E0stEE 5G8HAT4S | HNU100

2 |LPRM/APRMI=vy b #BBiH s 5G8HATA9 | HNU200

3| FLOWI=w b HBRBHAES 5G8HAT50 | HNU300

4 |LPRMEDa—Jl #EEHRTAHE 5G8HA751 | HNSD11

5§ | APRMEZ 21—l HeBRREHIERE 5G8HAT52 | HNS020

6 | SQROOTET1—) BBRJ[HLEE 5G8HA753 | HNS030

7T | FLOWEDa1—Jl HRReHEES 5G8HAT54 | HNS040

8 |STATUSEYa—)L HHBHtEHES 5G8HAT55 | HNS091/HNS093
9 | BLANKEZ1—Jl BRI ESE 5G8HA756 | HNS490

10 | LVPSEIa—)l HERReHHS SG8HAT5T | HNS500

11 | AOEDa—)L BESRttiESE 5GBHAT58 | HNS511-HNS514
12 | D1 OEVa—)b HERFHAES 5G8HAT59 | HNS520

13 | TRNED 21— BESREHEE 5G8HAT60 | HNS530

14| RCVEDa—) HERFIHAES 5G8HATE1 | HNS540

A=y b/ BV 2a—NEREMBEILSENS Y 7 by x TERTHE, =tk EHE. —8
HHELOBELHOBENS VE1—T 53, ERICEKTANELS. TR MTEEDH S IEZETHE
ThY., DOFLEERPBEANTRELES S NIEOHEZSATNAINESIHICDNTHLE
A—DEEELT B, BEER, 1 9—7 1 —RERK., BEXUOEBEDIYHTICOVWTHLE2
—FB3HDET B,

EHICHAEEE. VEa2-ER=[FE7)EE D-68016 TF PG ABISBRAREE) ICHDE,
RELTEIHDET S,

5.2.2. BREEIx—XICBIFBRTMES)

(1) BREFET7x—ZXARTMODIER
REEER. BREETz-ARTMEERT S, BEREE7x—XRTMIE. BIRETI T —
ARTMEREBEINEERZI=y M ED 2B HEEECEHEINAAERTBIERICHL
ThrV—=RTH3HDTHD,
V&VF—AlE, BERXKEZET7z—ZXRTMOLE1—%F\, LUTERET S,

1) BIESEE T —ADOSOEBELZZIERD, THADLBERSICEHBINAERNS, 2=

v b SED 2= RSB S S EER IS T3 &,
2) Ay b B2 -NBHABECRBINA2TOERE., HESEE7z—IXDHED

— 8 —
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ERICK>ThN—Zh, 2=Zvw b » EDa—-MERHIBEETEREINZHAZGERI
B &,
AZKRTMULEa2—DERIZ. VEVF—AICL>THEELLZNS,
VE2—DERICHBINT, RETIER (open items)dH LT ES (nonconformance) NEREh
FEBEICE. VERVF—-AIRRHF—AICHLT. BEUVR—-FERTL. RENBSE2ERT S,
EHIC. VERVF—AL. BREINAEXERTEBESLUOFTESE (BTN OEELEAEKICH
2T, (BFAICHETHHDETS,

(2) BREE 7 —XRTMBREEDERE
BERKEET7r—XDRTMEBREEEZFEET S, RTMBEEI. ERELARTMICHA, 8
KOBI=Zy b EDA—NERHEHBEBIIRBENTNAZ L. BLUKRERIER ETOEBREE
SATWS,

5.2.3. EREE7x—XV&VBEZEDRT

V&VF—AlZ UTE2SUEREETIx—AVE&VEBEEERTT 3.

1) BELEa—DaIE—F/=I38R
REVE1—ADSEEE. VE2A-ULEEER. BESRES. B2 (LEa-)E4S. £
A, AEA. RRADREDHH> TR,

2) BREET7—AXRTMIHT IR
BEREEV7x—XARTMICHT 2R EEG. BREET7x—ARTMOHEEES. 1FE
B. HBER. AFEHEZRLTETHH>TRT,

3) VRVEBICEWT, TaPzs h2#EDBETELBRYRIDERICESTHEER
bNAHRREIE, HIREHE, BREIE

ETENEV&VEREER. (BFNVEVF—AILEMTS.
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5.3. Fit7x—X

R 7 —XICHBWT. FPGABHEEENEF PGARIICERENS, FPGA[LX. ZhEhE
WIS TH B0, B 71~ XBLURET 2 —XDIEFELAEDEHIZAENCRITT S L HTTHE
Thd. FPGADRERHIEZ. FEXERAL. CNhODFEZRBETRIZLICKH>TREEZhS, &
>T. BRENDFEIR. [BE7] &% D-68018 IF ERSREEE] [CERBE NS A 7V A 2 IIMEE
ZBLT. SATSVICEBEINTWAFEICRZBDET S,

V&VAUTyh:

(1) 2=y MED 2-IUSRHHEHES (BERD)

(2) EREEI7-—XRTM (BHERE)

(3) FPGARHIHE (LEL—K®)

V&VF7I LTy b

(1) IEVEL—8BE

(2) BEFZ7z—XRTM

(3) HREF7x—AVE&VELEE

'5.3.1. @E&LEa—
BESE. UTORELEL—25.

No. | EELH L HEES e
1 5G8HA763 | TRN Module
2 5G8HA764 | TRN Module
3 5G8HATE5 | TRN Module
4 5GBHATS6 | RCV Module
5 5G8HAT67 | RCV Module
6 5G8HA768 | STATUS Module
7 5GBHAT6Y | APRM-Module
8 5GBHATT0 | APRM Module
9 5G8HATT1 | APRM Module
10 5G8HAT72 | APRM Module
1 5G8HAT73 | APRM Module
12 5G8HA774 | APRM Module
13 5G8HATTS | APRM Module
14 5G8HATT6 | APRM Module
15 5GBHATTT | APRM Module
16 5GBHAT78 | APRM Module
17 5G8HAT79 | APRM Module
18 5G8HAT80 | LPRM Module
19 5G8HA781 | LPRM Module
20 5G8HA782 | LPRM Module
21 5GBHAT83 | LPRM Module
22 5G8HAT84 | FLOW Module
23 5G8HA785 | FLOW Module
24 5GBHAT86 | FLOW Module
25 5G8HAT87 | FLOW Module
26 5G8HAT88 | SQ-ROOT Module
27 5GBHAT89 | SQ-ROOT Module
28 5GBHAT90 | SQ-ROOT Module
29 5G8HATO1 | SQ-ROOT Module
30 5G8HAT92 | SQ-ROOT Module
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FPGARMIFEELSEND V7 by o 7RReMEEEE, T2k, EEYE. —BiE., LU
BEOBEANSVEL—T5. £/, FPGARHI. [FE71E:E D-68017 TF PGAFNA
REASEEHE] Appendix AICEEBRENAREIIL—NICR--TWBHDET S, LE2—ICEALTO
HBOESEEL. FPGAORAYy/HBRICEREFEADF EZERALTERENRTNILLES
BWZ e, BEUFEEDA VY T T—RAPF EABZORHEBESLTNBRZETH S,

e, REBEVEL-RE, EATSFEOREPREFATHHLERTTILEHELD
DET 3,

E5IC, BAEBER. VE1-BREZIRS 71@:E D-68016 TF PG ABIRBARERE) (CHDE,
BELTZHDET S,

5.3.2. FPGAFFI7z—XICHBIFTBRTMEE
(1) FPGARH 7z —XRTMDER

EtEE. FPGA%%&ﬁikﬁﬁénta%ﬁﬁ%§§E§7:—X@RTMEﬁbrh
L=RTB70. Fit7x—XR TMDERETT.

V& VF—AlL, BHF—ALADEELERTMOLE—ZTTIN uTéﬁmiéo

1) BREETz—IXADSOEBLLEHIERD, EF PGARIMEBLC LV —REhTW
B¢, Thbb, £F PGARMIEECERHEINAF PCGARKIE. £ a2 -
HIEECERSNAERES LA V9 - Tz —RERERML TS &, EH5IC.
BEREET 2 —ADNH5DV 7 bz 7REBFEFROKESIL OERNMF P G AREHTHE
BCRBEATWAZ &,

2) FPGARMBEENSERRE 7 —XICAMN> T, ERBFV—RATESZZ L,

ERTMUE1—DERIZ. V&VF—AlRL->THEE{LENS,

LEL—DERICBINT, RIEFIEH (open items) 5L UFBS (nonconformance) SREEH
FEBEICE, VERVF—ARBHF—AICHUT, BEUAR— FERTL, XBELBEERT S,
"ESIC. VERVF AR, BRRINAERERBEEBLUTESZ (BFH) OIEELEFEICH
2T, (BFNICH/ETEIHDET S,

(2) FPGARH7z—XARTMEBEEDREE

FPGARI 7z —ADRTMBEE#EETS. RTMBHEEEIRTMZESH, FPGAR

EEFEETEERNEDL S IR EN M ERHT S,

5.3.3. HH7x—AV&VBEEZDRT
V&VF—AlL UTFE28URE7z—AVEVBEZEERTT 5.

1) BEVEL—-DaE—F=1351R
BELVE1—-~DBREE. VEa- btliﬁ HEES, B (VE2L)ER. #
B, BEH. ABRBOREHH>TRT,

2) FH7x—AXRTMADZR
FEF7z—XARTMICHTESHEER. RiFT7 2 —XARTMOEEES. EkA. BE
B. ZRBR%2RETETHo>TRT.

3) FERZ, FESAISVUEBBBLUTYI MU TY—IEBOERICDVWTOSRE
5. 6IBICRRTFEDRELVEL—HER. SA7SVEBBLUY IOz T7Y—IE
BOEREHH>TERY,

4) V&VEBICBNT, 7O zH bEEDBLETECDIVRIDERHICEETHEEX
bh2HREEE. HEEE, 2RFHE

RAEShEV&VEBEER., (BEFNVEVF—AICEMFTS.
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5.4. REIJx—X
RET7 - BT 3BREBL. RORT v T TiTbhbB.
RFv7 (1) :VHDLY—X3—FDER
2FvF (2)Y :FPGADRE
257w (3) :FPGADHKER

RFw7 (1) Tld. Y7 b9 x7HRRE(F PGARIEE) S OBEERERET S0,
[E71:EZED-68017T TF PGAFNA AFIREHE) V. VHDLY—RI—REEKT D, V—
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5 8T8H3383 § RCV Module
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28 8T8H3406 | SQ-ROOT Module
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30 : 9H8HO309 | SQ-ROOT Module

VE2—13. UTFERETS. 4

1) RBHEESCRRINARBSAICES T, RBASTOREC L,

2) HBAESICERSNERRERSEAE BBANEC L,

3) HBRHARECERINLHEREICH>T. RBRROATUESTOATIES L,
4) RBHICREINAUEOTREL S HES S RELRRT 5 &,

5) BREENZIIANURETHI &,

(3) FPGADVYIZFITAR=RSA
FPGARBHIRTULER. VMV TFR=-ASAUDHILEND, COBFPGAODY
ICBELEEF77AINBREZNDY. REDEICIE. FPGADHEE. £E, UrTES%E
BT AFPGABEY—FEEFhFNOFPGAQS Y I BICHRITENSERT S, VEVF—




5B8H6008

Ald. FPGAEBY—bEFzvI L. URITIEE D-68019 [F PGABHREREE) ICE
RENCEADPR-XSA 2 ELTHEISN=Z L2HRT D,

5.4.4. RET7r—XRTMEH
(1) REZ7xz—XRTMDER
FEtEE. FPGARBRAZEEEZETIBARATYTORTMICHLTRL—RT 5%, RE
7x—XRTMOEEZETD. :
VE&VF—AlL. [HF—LDERLERTMOLEA—ZF\ LTZBHET 5,
1) BELEBERN, FPGAICRL—RENBIE, Thabb. R 7x—XIKHITS
STOERNFPGARREBICRBRENTNSZ &,
2) FPGAEBRIEEZMIORH 72—, ERBIL—-RTERZ L,
(2) FPGAEETZ7T—XRTMDIREE

H7x—XORTMEEERXRTMESSH. FEROF PG AHRTEEOPTORK. &
BEEE. BLUTERZREEHT S.

5.4.5. Y7+, xT7V—IOFMH

V&VF—AlL, BEHF—-ADREEICERTIVZ bz 7Y—-ND. B T1EE
D-68019 F PG ABHEBRYEE) [CTH->TEBINTWA I LZ#HERT S,

5.4.6. REIJT—-XVE&VBEEDRT
V&VF—AlL. LUTFTEEURET7r~XVEVBEEERTT S,

1) V=RA—-KVEa—OaE—%E/E32R
V=A== R Ea—~DZELI}, LEa—-LERKER. BBES. BE(LVEa-)
&4, efiE. AEQ. RRHOXEDHH> TR,

2) BEVEa—-DabE—F/~1388
BEVEL—ADTREIE. VEaL-UEEER. BEES,. #E(VEa2-)ER. #
A, #EAR. READXREH->TRT. FPGARRBEESOLEA—ICHBVTHESE
LEBBESEREDVERVEREEL. AVEVRBREECEDHEIIELETS,

3 VYIZIMI TV NDAYy—PF vy VHEROIAE—F ISR
VIZ2h0zT7Y=-IDAYE~PF 2y VBRICHTIBRENE. V720 T7Y—-N
DAy—CFryvOBROEERS. (ERB. fAEB. AFHZRTETHH> TR
ER

4) APy - 70y HPRAOF v VHEROIAE-H SV ISR
APy -7AvIBOF vy /HBRICHTIBREE. QPyvs-TAVIEDF Y
VRBOREZES. (A, BZER. ARAERTETHH>TRT,

5) BE7—XRTMICHTHBR
RETJx—ARTMICHTEIFHEEE. RETZ7z—XRTMOEEES. {ERH. #AE
B, ARRERETETHH> TR,

6) VRVEHICBWT, 7OV M 2EDHBETELDZYRIDBRICEETZEER
ODNARREE, HREE, BREHE

RSNV VEBEER. (BFN)V&RVF-AILETTS.



5B8H6008

5.5, 2=y b/EPa—NValidation 7z —X
aAzy b/EZa—)bValidation 7z —XICEIFBV & VEBZLTICET.
V&VAYTy b:
(1) BREEZ7x—XARTM (HERHSD)
(2) EYa—Validation HEBRAHEE (LE21~HB)
(3) 2= b Validation BT (LEL—HE)
(4) 3=y b/EYa—)bUser Documentation (L F1—KE)
V&VFORTy b
(1) BEZEVEL—8E
(2) A=y b/EZa—JValidation 7z—XRTM .
(3) azy b/EEYa—NValidation 7z —XV&VEEESE

5.5.1. A=y b/EZPa—JValidation FHER

FErELFICEREhEAZ Y MBS A - VEBREREERES. 2=y b/ ED2 N
HERHEEEERT 3. CNOOMEEECIE. 1oy FREMEE, EX2-052Zy FAD
HE. BLUEHBRBENSENS, E5IC, 2=y MRBABSICHUTOREIEENS,

1) HBRT5HEE (CEHHEHR - BEER - NSA—SHER - L JAER)

2) SRERBOATHEESE

3) HBEevirTvS

4) HEIRE

HREE, FEF—ALRBIICEESH. LRI=-y M EDa—IEBRERECREN. HR
EEETS, FLERBEIR, 1=y N EDa-NBICEBRBEEERAETS.

5.5.2. H&EVEL—
(1) 2=y b /ED - IEBRTEE
BEEE, 2=y FED 2-IVEREEEEREPERLEEI =y b/ ED 2 —VERE
ﬁ%é VEJ_Téa

No. &AM HEES e
1 |LPRMaA=v ; HBRLHES 5T8H6724 | HNU100

2 |LPRM/APRMI=y b HE{iEs 5T8H6725 | HNU200
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[CEDE. VRVEBZEREL TS,
F/OP o MIBIFBVRVEHTIE, UTERETEHDET S,

5.6.1. BEDFvY
V&VF—Ald, R 71EE 0-68018 TF ERREBLE] BFESAT7SVICERAEN TS
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IS, REIBIERTMEEH TS, ELRTMEMILAEVEL—2EETH. HERELT, TOEHS
NERED7 —XICBIFBVEVBEELEFHINS,

ZERTMICHU T, RITBRRAEBICLZZENLESTHRTMEBRITL. V&V AIUN—EK
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Preface

This English translation of the Nuclear Instrumentation and Control Systems Department (NICSD)
Verification and Validation (V&V) Plan for the Non-ReWritable (NRW) Field Programmable Gate
Array (FPGA)-Based Power Range Monitoring (PRM) System was prepared for the NRC review of
the PRM. NICSD used the original V&V Plan (in Japanese) in the V&V activities for the PRM.

Trademarks
Synplicity and Synplify are registered trademarks of Synplicity, Inc.
ModelSim is a trademark of Model Technology Incorporated.
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1. Purpose

This Verification and Validation (V&V) Plan is prepared for the Non Re-Writable (NRW) Field
Programmable Gate Array (FPGA) Based PRM System Qualification Project, and aims to satisfy the
V&V plan requirements specified in the Procurement Specification (PN-0020614) issued by the
ICDD. '

2. Reference Documents
2.1. Upstream Documents

(1) ICDD Procurement Specification “Procurement Specification for Test Specimen Units,

Interconnecting Cables” ............................................ PN_0020614 ReV.2
(2) ICDD Requirements Specification “Equipment Requirement Specification of FPGA-based
Unlt ......................................................... FPG_RQS_CSI_OOOI ReV.6

(3) ICDD Software Quality Assurance Plan “Software Quality Assurance Plan”-
............................................................... FPG-PLN-C51-0002 Rev.2

(4) ICDD V&V Plan “Verification and Validation Plan” -+« FPG-PLN-C51-0006 Rev.3

(5) NICSD Quality Plan “Project Quality Assurance Plan” «----coeeoeveeeeees SB8H6000 Rev.5

(6) NICSD Overau PrOjCCt Schedule ............................................. CZ_05025 ReV.6
2.2. Applicable Standards '

(1) NICSD Procedural Standard for FPGA Products Development ----------- D-68016 Rev.3

(2) NICSD Procedural Standard for FPGA Device Development -«----------+- D-68017 Rev.2

(3) NICSD Procedural Standard for Functional Element Development -------- D-68018 Rev.3

(4) NICSD Procedural Standard for FPGA Configuration Management ------ D-68019 Rev.2

(5) NICSD Procedural Standard for Control of Software Tools Used with FPGA Based Systems-
.................................................................. D_68020 ReV.2

(6) NICSD Procedural Standard for Operation for Problem Reporting Sheets -+ D-67019 Rev.5

(7) NICSD Procedural Standard for Software Media Registration and Change
.............................................................................. D_67003 RCV.9

(8) NICSD Procedural Standard for Document Control ««-««-reorreeenene D-67023 Rev.4
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3. Definitions and Abbreviations

3.1.

3.2.

Definitions
(1) Functional Element (FE):

A Functional Element is a small logic circuit that shall be completely verified and validated
through full pattern tests. An FE is written in Very High Speed Integrated Circuit Hardware
Definition Language (VHDL). All VHDL source code for the NRW-FPGA-Based PRM

System shall solely consists of FEs and interconnects between FEs.

(2) module:

A part of a unit. Modules have specific functions, for example, circuit board(s), AC-DC

converter, connector assembly etc. See unit.

(3) netlist:

Description of logic generated by the logic synthesis tool. Design engineers describe
FPGA logic in the form of VHDL source code. The logic synthesis tool generates logic
from the VHDL source code, and outputs the result in the form of a netlist. The place and
route tool determines the physical layout of internal circuits, when implementing into an

FPGA. Theresultis called an FPGA fuse map.

(4) unit:

The NRW-FPGA-based PRM System consists of the LPRM units, the LPRM/APRM units,
and the FLOW units. Each unit is a drawer type chassis which houses the individual

modules.

(5) validation:

Confirmation by examination and provisions of objective evidence that the particular

requirements for a specific intended use are fulfilled.

(6) verification:

Confirmation by examination and provision of objective evidence that specified

requirements have been fulfilled.

Abbreviations
(1) FPGA: Field Programmable Gate Array. FPGA-Based PRM System use non rewritable

FPGA as key components to perform their functions.

(2)PRM: Power Range Monitor. PRM monitors the reactor power in the power range using

neutron flux values measured in the reactor core.

(3) RTM: Requirements Traceability Matrix
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(4) VHDL: Very High Speed Integrated Circuit Hardware Definition Language.
(5) V&V: Verification and Validation

(6) VVP: Verification and Validation Plan

(7) VVR: Verification and Validation Report
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4. Verification and Validation Overview

4.1. Project Organization |
The organization for this FPGA-based Power Range Monitor (PRM) Qualification Project is
shown in the following diagram and table, which are based on the Nuclear Instrumentation and

Control Systems Department (NICSD) Quality Plan (5SB8H6000).

( Senior Manger, NICSD ]

-~

Project Manager ] Project QA Manager

I |

t
1
1
1
' =\
V&V Team ! [ Design Group [ Production Control } [ Quality Assurance
1
1
)
1
1
1
1
t
!
]
]
]
1

Manager ) Section Manager Section Manager
[vavemness | § [ e ) [ fomemn ) [ Gwsoom [ Qs |
Role Organization ) Assigned Person | »
Senior Manager NICSD
NICSD Nuclear
. Instrument System
Design Group Manger Development
&Designing Group
Quality Assurance Section Manager I;;Siso?l Quality Control
Production Control Section Manager NICSD Prod}l ction
Control Section
Project Manager, responsible for design ~ *1 NICSD
NICSD concurrently
. % serve as Quality
Project QA Manager 2 Assurance Dept.
Quality Control Group
Project V&V Manager, Design Document Verifier | NICSD J

*1: responsible for interface with ICDD, *2: responsible for interface with NQAD

(1) Senior Manager
The Senior Manager (SM) determines the project planning and V&V planning by approving the
contents of the Quality Plan and this V&V Plan, and delegates the SM’s responsibilities to each

assigned person. The SM controls the performance of the project, by joining the design review

! Translator’s note: GPM Group Manager, M Manager, CS Chief Specialist, SS Senior Specialist
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meeting held at each step, or by receiving reports.
(2) Project V&V Manager
The Project V&V Manager is assigned by the SM. The Project V&V Manager organizes a V&V
team, which is independent of the design team, and performs V&V efforts with the V&V team.
(3) V&V Team and Members
The V&V team is independent of the design group, and is organized with members who have

equivalent or higher degree of the competence than the design engineers.

4.2. Schedule
The schedule of the V&V shall follow the overall schedule (CZ-05025) issued by NICSD.

4.3. Software Integrity Level Scheme

Software Integrity Level (SIL) 4, the highest level, shall be applied to the FPGA logic for this
FPGA-based PRM Qualification project according to the Software Quality Assurance Plan
(FPG-PLN-C51-0002) issued by ICDD.

44. V&V Team
The V&V team members responsible for the V&V efforts of this project shall be independent of the
design team, and have equivalent or higher degree of the competence than design engineers. The

members are assigned by the SM, and responsible for the following roles.

Role Organization Assigned Person
N
V&V Manager o Review and Approve V&V
documents
¢ Review (Verification) NICSD
FPGA design documents
V&V Senior Specialist e Review and NICSD Nuclear
Approve V&V documents Instrumentation Systems
® Review (Verification) Development &
FPGA design documents Designing Group
NICSD Nuclear
V&YV Senior Specialist o Prepare and Review | Instrumentation Systems
V&V documents Development &
Designing Group
NICSD Nuclear
V&V Specialist o Prepare and Review V&V Instrumentation Systems
documents Development &
Designing Group
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Role

Organization

Assigned Person

N

V&V Specialist e Prepare and Review V&V
documents

NICSD Nuclear
Instrumentation Systems
Development &
Designing Group

V&V Engineer e Prepare V&V documents

NICSD Nuclear
Instrumentation Systems
Development &
Designing Group

~

7

The V&V documents include this V&V Plan, RTM reports, V&V (summary) reports for each phase,

and the V&V final report. The design documents include the documents pertaining to FPGA design

excluding hardware design and manufacturing documents.

4.5. Responsibilities

The V&V team shall be responsible to the following V&V activities:

1) Preparation of this V&V plan

2) Independent Review of design documents as reviewers
3) Review of RTMs (The RTM shall be based on the Concept Phase RTM received from NED)
4) Issuance of V&V reports at the end of each V&V phase
" The V&V team shall submit the V&V plan and V&V reports to the NED V&V team without delay.

46. Tools

The following tools are used:
(1) Logic Synthesis Tool (Synplify)

The Synplify tool synthesizes logic from VHDL source code and produces netlists. As

by-products of logic synthesizing, Synplify performs a syntactic check of the VHDL source

code and an adequacy check of the synthesized logic.

(2) Netlist Viewer tool

The Netlist Viewer tool is used to ensure the connections of functional elements (FEs) in the

VHDL visually.
(3) Place and Route Tool (Designer)

The Place and Route tool determines the physical placement of internal circuits when

implementing (logic) from netlists to FPGA. The result is called “fuse map.” The place

and route tool produces delay data used in simulations while producing a fuse map.

(4) VHDL Simulator (PinPort)
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The VHDL Simulator is used to verify the VHDL source code dynamically. The simulator
uses the delay data produced by the place and route tool.

(5) Embedding Tool (Silicon Sculptor)
The Embedding Tool is used to embed the place and route data into FPGA devices.

These tools shall be controlled in accordance with NICSD Procedural Standard D-68020 “Control
of Software Tools Used with FPGA-Based System.” If an additional tool, such as a newly
developed or existing test equipment software, is used, it shall be used in accordance with the
SQAP issued by ICDD (FPG-PLN-C51-0002), which includes configuration management
requirements, and NICSD Procedural Standard D-68020. The following sections describe each
V&V activity using these tools; the users’ competence and training in using the tools shall be
controlled in accordance with NICSD Procedural Standard D-68016 “FPGA Products

Development.”
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5. V&V Process

Perform the V&V process, dividing into the following phases.
(1) Preparation of the V&V Plan
(2) Requirements Definition Phase
(3) Design Phase

| (4) Implementation Phase

(5) Unit/Module Validation Phase ac
/ N

N Figure 5-1 V&V Process

_10_
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5.1. Preparation of V&V Plan
The V&V team shall prepare the V&V Plan (this document) in compliant with the NED V&V plan,
and submits the plan to NED for approval.

5.2. Requirements Definition Phase
Perform the Requirements Definition Phase V&V activities.
V&V Inputs:
(1) Equipment Requirements Specification (ERS) issued by ICDD (Base Document)
(2) Project Planning and Concept Definition Phase RTM (Base Document)
(3) Unit/Module design specifications (Review Document)
V&V Outputs
(1) Document Review Reports
(2) Requirements Definition Phase RTM
(3) Requirements Definition Phase V&V Report

5.2.1. Document Reviews
The reviewers belong to the V&V team shall perform reviews of the documents listed in Table 5.2.1.

Table 5.2.1 Unit/Module Equipment Design Specifications

No. | Document Name Document Remark
Number

1 | LPRM Unit Equipment Design Specification 5G8HA748 | HNU100

9 | LPRM/APRM Unit Equipment Design Specification 5G8HA749 | HNU200

3 | FLOW Unit Equipment Design Specification 5G8HA750 | HNU300

4 | LPRM Module Equipment Design Specification 5G8HA751 [ HNSO11

5 | APRM Module Equipment Design Specification 5G8HA752 | HNS020

¢ | SQROOT Module Equipment Design Specification 5G8HA753 | HNS030

7 | FLOW Module Equipment Design Specification 5G8HA754 | HNS040

8 | STATUS Module Equipment Design Specification 5G8HA755 | HNS091/HNS093
g | BLANK Module Equipment Design Specification 5G8HA756 | HNS490
10 | LVPS Module Equipment Design Specification SG8HA757 | HNS500
11 | AO Module Equipment Design Specification SG8HA758 | HNS511 - HNS514
12 | DIO Module Equipment Design Specification SG8HA759 | HNS520

13 | TRN Module Equipment Design Specification 5G8HA760 | HNS530

14 | RCV Module Equipment Design Specification 5G8HA761 | HNS540

Review the software requirements in the Unit/Module design specifications for completeness,

cotrectness, consistency, and accuracy. The points of review include that each requirement is stated

- 11 -
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without ambiguity, is testable or observable, and whether the requirement specifies an acceptable
value or a range of values. Functional requirements, interface requirements, and allocation of
functions shall be reviewed.

The reviewer shall document the result of the review in accordance with NICSD Procedural Standard

D-68016 “FPGA Products Development.”

5.2.2. Requirements Definition Phase RTM efforts

(1) Preparation of Requirements Definition Phase RTM

The design engineers shall prepare the Requirements Definition Phase RTM. The Requirements
Definition Phase RTM traces the requirements in the Concept Definition Phase RTM to items of
requirement specifications described in the Unit/Module design specifications.

The V&V team reviews the Requirements Definition Phase RTM, and verifies:

1) Each base requirement from the Concept Definition Phase, i.e., each requirement described
in the ERS, corresponds to functional requirements described in the Unit/Module design
specifications.

2) All requirements described in the Unit/Module design specifications are covered by the
requirements from the Concept Definition Phase, and no new requirement is produced in the
Unit/Module design specifications.

The result of the RTM review is documented by the V&V team.

If any open item or nonconformance is found in the RTM review, the V&V team issues an anomaly
report to the design team, and requires a corrective act1on

The V&V team shall report the open item and nonconformance to NED using the method spec1ﬁed
by NED.

(2) Compilation of Requirements Definition Phase RTM Report

Compile the Requirements Definition Phase RTM report. The RTM report includes the prepared
RTM, confirmation that each requirement is reflected in the Unit/Module design specifications, and

any open items with their resolutions.

5.2.3. Issuance of Requirements Definition Phase V&V Report
The V&V Team shall issue a Requirements Definition Phase V&V report that includes the following
contents:
1) Copy of or reference to document reviews
The reference to the document reviews is given as a table including the document name, the
document number, the name of the reviewer, the preparation date, the review date, and the

approval date of the reviewed documents.

- 12 -
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2) Reference to the Requirements Definition Phase RTM
The reference to the Requirements Definition Phase RTM includes the document number,
the preparation date, the review date, and the approval date of the Requirements Definition
Phase RTM.

3) Any finding, recommendation, or suggestion considered to contribute to risk reduction in
pursuance of the project

The issued V&V report is sent to the NED V&V team.

5.3. Design Phase
In the Design Phase, an FPGA design specification is prepared for each FPGA. Because FPGAs
are independent from each other, most activities in the Design Phase and the Implementation Phase
can be performed independently. The FPGA logic design is made using FEs and interconnecting
FEs. The FEs used in the design shall be those which have been registered in the FE library
through the life cycle activities defined in NICSD Procedural Standard D-68018 “FE Development
Procedure.”
V&V Inputs:
(1) Unit“Module design specifications (Base Document)
(2) Requirements Definition Phase RTM (Base Document)
(3) FPGA design specifications (Review Document)
V&V Outputs
(1) Document Review Reports
(2) Design Phase RTM
(3) Design Phase V&V Report

5.3.1. Document Reviews

The reviewers perform the following document reviews.

No. | Document Name ac Document | Remark
7 N, Number
1 5G8HA763 | TRN Module

5G8HA764 | TRN Module

3 SG8HAT65 | TRN Module
5G8HA766 | RCV Module
5 SG8HA767 | RCV Module
6 5G8HA768 | STATUS Module
‘ SG8HAT769 | APRM Module
3 5G8HA770 | APRM Module
N

_13_
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ac

N
9 SG8HAT771 | APRM Module
10 5G8HA772 | APRM Module
11 5G8HA773 | APRM Module
12 5G8HA774 | APRM Module
13 5G8HA775 | APRM Module
14 5G8HA776 | APRM Module
15 5G8HA777 | APRM Module
16 - 5G8HA778 | APRM Module
17 5G8HA779 | APRM Module
18 5G8HA780 | LPRM Module
19 5G8HA781 | LPRM Module
20 5G8HA782 | LPRM Module
21 5G8HA783 | LPRM Module
22 5G8HA784 | FLOW Module
23 5G8HA785 | FLOW Module
24 5G8HA786 | FLOW Module
25 5G8HA787 | FLOW Module
26 5G8HA788 | SQ-ROOT Module
27 5G8HA789 | SQ-ROOT Module
28 5G8HA790 | SQ-ROOT Module
29 5G8HA791 | SQ-ROOT Module
30 5G8HA792 | SQ-ROOT Module
~ ~

Review the software design included in the FPGA design specifications for completeness,
correctness, consistency, and accuracy. FPGA design shall satisfy the design rules described in
Appendix A of NICSD Procedural Standard D-68017 “FPGA device development standard.”

Special notices for reviews are that the FPGA logic shall be composed of the FEs which have been
tested, and the FE interfaces shall be consistent with the descriptions in the FE specifications.
Documents review shall confirm that the documents for the FEs in use have been already verified.
The verifier shall document the result of the review in accordance with NICSD Procedural Standard

D-68016 “FPGA product development standard.”

5.3.2. FPGA Design Phase RTM Efforts
(1) Preparation of RTM in the FPGA Design Phase
The design engineers prepare the Design Phase RTM to trace the design specifications described in
the FPGA design specifications against the Requirements Definition Phase RTM.
The V&V team reviews the RTM prepared by the design engineers, and verifies the followings:
1) Base requirements are traced from the Requirements Definition Phase to each FPGA design
specification. That is, the FPGA specification described in each FPGA design

specification reflects the functional and interface requirements described in the Module

% Translator’s Note: TPM stands for Thermal Power Monitor, meaning Simulated Thermal Power Monitor.

_14_
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Design Specifications. In addition, the requirement for the software integrity level (SIL)
from the Requirements Definition Phase is reflected in the FPGA design specifications.
2) Requirements can be traced back from the FPGA design specifications to the Requirements

Definition Phase.

The result of the RTM review is documented by the V&V team.

If any open item or nonconformance is found in the RTM review, the V&V team issues an anomaly

report to the design team, and require a corrective action.

The V&V team shall report the open items and nonconformances to NED using the method specified

by NED.

(2) Compilation of the FPGA Design Phase RTM report

Compile the RTM report for the FPGA Design Phase. The RTM report includes the RTM, and

describes how each requirement is reflected in the FPGA design specification.

5.3.3. lIssuance of Design Phase V&V Report
The V&V team issues a Design Phase V&V report, which includes:
1) Copy of or reference to document reviews
The reference to the document reviews is given as a table including the document name, the
document number, the reviewer, the preparation date, the review date, and the approval date
of the reviewed documents.
2) Reference to the Design Phase RTM
The reference to the Design Phase RTM includes the document number, the preparation date,
the review date, and the approval date of the Design Phase RTM.
3) References to FE documents result of FE library and software tools controls
The references are given as the result of the FE document reviews, and the result (;f the
library and software tools controls as described in Section 5.6.
4) Any finding, recommendation, or suggestion considered to contribute to risk reduction in
pursuance of the project

The issued V&V report is sent to the NED V&V team.

5.4. Implementation Phase

The development activities in the Implementation Phase are performed in the following steps:
Step (1): VHDL Source Coding
Step (2): FPGA Implementation
Step (3): FPGA Validation

-In Step (1), VHDL source code is prepared in accordance with NICSD Procedural Standard 68017
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“FPGA Device Development Standard,” to implement the functional requirements from the software
design documents (FPGA design specifications). Verified FEs are used in the coding.
In Step (2), the VHDL source code is synthesized using the logic synthesizing tool (Synplify). The
synthesized source code is converted into a fuse map using the place and route tool (Designer), and
embedded in the FPGA using the burn tool (Silicon Sculptor). Test vectors and FPGA test
procedures shall be prepared in this step in accordance with NICSD Procedural Standard 68017
“FPGA device development standard.”
In Step (3), the FPGA embedded with the above fuse map is tested using the VHDL simulator
(ModelSim) and the FPGA test tool (PinPort). The ModelSim tool generates inputs to the FPGA
based on the test vectors that are prepared in prior to the testing.
V&YV Inputs:

(1) FPGA Design Specifications (Base Document)

(2) Design Phase RTM (Base Document)

(3) FPGA Test Procedures (Review Document)

(4) FPGA Test Reports (Review Document)

(5) Unit/Module Test Procedures (Review Document)

V&V Outputs

(1) Document Review Reports

(2) Implementation Phase RTM

(3) Implementation Phase V&V Report

5.4.1. Development of VHDL source code, Logic Synthesis, and Layout Verification
The VHDL code is developed in accordance with the design rules in NICSD Procedural Standard
D-68017 “FPGA Device Development Standard,” and its logic is composed of FEs.
The developed VHDL source code is converted into netlists by the logic synthesis tool (Synplify),
and retained as EDIF* files. The netlists can be expressed as logic diagrams by the netlist viewer
tool. The design engineers compare the VHDL source code and the logic diagrams, and confirm
that (the VHDL source code) is correctly converted. In the comparison, the design engineers check
the connections between (logic) blocks and the interface of FEs. Each FE is expressed as an
elementary logic block on the logic diagrams.
The V&V team performs the following verification:

1) Check the message files produced by the logic synthesis tool (Synplify) and the place and

route tool (Designer), and confirm that the logic synthesis and lay outing have been

® Translator’s Note: EDIF Electronic Design Interchange Format
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executed normally by examining the tool option setting and tool warning messages.
2) Review the results of comparison between the logic diagrams and VHDL files.

Document the result of verification 1) and 2), writing the methods clearly.

54.2. FPGA Testing
The FPGA testing is performed in accordance with NICSD Procedural Standard D-68016 “FPGA
Product Development Procedure.” The FPGA test procedures are prepared by the FPGA test
procedure preparers, who are selected from others than those who have contributed to the FPGA
product design. The FPGA test procedures shall include the following contents:

1) Test items

2) Pass/Fail cfiterion for each test item

3) Test set-up

4) Test environment
The FPGA testing shall toggle (On/Off) 100 % of the connections between active FEs. Whether the
coverage of toggle testing achieves 100% is measured using the ModelSim tool. The design
engineers determine whether each connection is active or inactive, i.e., it is connected to the ground
or power line or not.
The FPGA tester(s), who are selected from others than the design engineers of the FPGA to be tested,
perform the FPGA testing using the above FPGA test procedures. The FPGA tester(s) prepare a
test report for each FPGA; prepare Problem Reporting Sheets in accordance with NICSD Procedural
Standard D-67019 “Operation for Problem Reporting Sheets.” The sheets are used to document the
defects, nonconformances of the product and configuration, errors in the test procedureé. A
Problem Reporting Sheet is resolved by corrections of the design document or logic, changes of the
test procedure as necessary, revising of the documents from those before changes, source code, or
product, and necessary reviews. The specifications of re-testing required by those changes are

documented; the re-testing is performed; and the Problem Reporting Sheet is resolved.

5.4.3. Document Reviews
The reviewers review the following documents.

(1) FPGA Test Procedure

The reviewers review each FPGA test procedure below.

No. | Document Name Document Remark
, &< Number
1 8T8H3379 | TRN Module
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2 8T8H3380 | TRN Module
3 8T8H3381 | TRN Module
4 8T8H3382 | RCV Module
5 8T8H3383 | RCV Module
6 8T8H3384 | STATUS Module
7 8T8H3385 | APRM Module
8 8T8H3386 | APRM Module
9 8T8H3387 | APRM Module
10 8T8H3388 | APRM Module
11 8T8H3389 | APRM Module
12 8T8H3390 | APRM Module
13 8T8H3391 | APRM Module
14 8T8H3392 | APRM Module
15 8T8H3393 | APRM Module
16 8T8H3394 | APRM Module
17 8T8H3395 | APRM Module
18 8T8H3996 | LPRM Module
19 8T8H3397 | LPRM Module
20 8T8H3398 | LPRM Module
21 8T8H3399 | LPRM Module
22 8T8H3400 | FLOW Module
23 8§T8H3401 | FLOW Module
24 ST8H3402 | b1 oW Module
25 8T8H3403 | FLOW Module
26 8T8H3404 | SQ-ROOT Module
27 8T8H3405 | SQ-ROOT Module
28 8T8H3406 | SQ-ROOT Module
29 8T8H3407 | SQ-ROOT Module
30 8T8H3408 | SQ-ROOT Module
N 7

Review the test procedures for completeness (whether the test items cover all requirements),

correctness (whether the methods of testing and the pass/fail criteria are correct), consistency

(whether inconsistency exists in the testing), and accuracy (whether sufficient accuracy is obtained

for the target testing).

The reviewers shall document the result of the reviews in accordance with NICSD Procedural

Standard D-68016 “FPGA Product Development Standard.”
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(2) FPGA Test Reports
The reviewer reviews each FPGA test reports below.
No. | Document Name ad Document | Remark
j 2 N, Number
1 9H8H0280 | TRN Module
2 9H8H0281 | TRN Module
3 9H8H0282 | TRN Module
4 9H8H0283 [ RCV Module
5 9H8H0284 | RCV Module
6 9H8H0285 | STATUS Module
7 9H8H0286 | APRM Module
8 9H8H0287 | APRM Module
9 9H8H0288 | APRM Module
10 9H8H0289 | APRM Module
11 9H8H0290 | APRM Module
12 SH8H0291 | APRM Module
13 9H8H0292 | APRM Module
14 9H8H0293 | APRM Module
15 9H8H(0294 | APRM Module
16 9H8H0295 | APRM Module
17 9H8H0296 | APRM Module
18 9H8H0297 | LPRM Module
19 9H8H0298 | LPRM Module
20 9H8H0299 | LPRM Module
21 9H8H0300 | LPRM Module
22 9H8HO0301 | FLOW Module
23 9H8HO0302 | FLOW Module
24 PHBHO303 | £ 6w Module
25 9H8H0304 | FLOW Module
26 9H8HO0305 | SQ-ROOT Module
27 9H8HO0306 | SQ-ROOT Module
28 9H8HO0307 | SQ-ROOT Module
29 9H8H0308 | SQ-ROOT Module
30 9H8H0309 | SQ-ROOT Module

~ 7

The review verifies the followings.

1) Each test has been performed in accordance with the method described in the test procedure.
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2) All test items in the test procedures have been performed without omission.
3) Pass or fail has been determined in accordance with the pass/fail criteria described in the test
procedures.
4) Problem Reporting Sheets for any finding including product nonconformance have been
confirmed.
5) The result of testing is acceptable.
(3) FPGA Software Baseline
After the FPGA testing has been completed, a software baseline is established. At this point,
electric files relating to the FPGA logic are stored; the design engineers prepare an FPGA control
sheet identifying the function, changes, and revision number of the FPGA for each FPGA logic.
The V&V team checks the FPGA control sheet, and confirm that the required items by NICSD
Procedural Standard D-68019 “FPGA Configuration Management Standard” are established as a

baseline.

5.4.4. Implementation Phase RTM Efforts
(1) Preparation of Implementation Phase RTM
The design engineers prepare the Implementation Phase RTM to trace the FPGA test procedures
against the RTM in the prior step.
The V&V team reviews the RTM prepared by the design team, and verifies the followings:
1) The base requirements are traced to FPGAs. That is, all requirements in the Design Phase
are reflected in the FPGA test items.
2) Requirements can be traced from the FPGA test procedures to the Design Phase.
(2) Compilation of the FPGA Implementation Phase RTM
The RTM report in the Implementation Phase includes the RTM, and describes the reflection

of each requirement in the FPGA test procedures, any open item, and nonconformances.

5.45. Assessment of Software Tools

The V&V Team confirms the software tools, which the design team uses in their design work, are

controlled in accordance with NICSD Procedural Standard D-68019” FPGA Configuration

Management Standard.”

5.4.6. Issuance of Implementation Phase V&V Report
The V&V team issues the Implementation Phase V&YV report including the followings:

1) Copy of or reference to source code review
The reference to the source code reviews is given as a table including the document name,

" the document number, the reviewer, the preparation date, the review date, and the approval
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date of the reviewed documents.

2) Copy of or reference to document review
The reference to the document reviews is given as a table including the document name, the
document number, the reviewer, the preparation date, the review date, and the approval date
of the reviewed documents. Any Problem Reporting Sheet confirmed in the review of the
FPGA test reports shall be a V&V record, and be included in the V&V report.

3) Copy of or reference to the result of software tool message check
The reference to the result of the software tool message check is a description of the
document number, the preparation date, the review date, and the approval date of the
software tool message check results.

4) Copy of or reference to the result of logic diagram check
The reference to the result of the logic diagram check is a description of the document
number, the preparation date, the review date, and the approval date of the logic diagram
check results.

5) Reference to the Implementation Phase RTM
The reference to the Implementation Phase RTM is a description of the document number,
the preparation date, the review date, and the approval date of the Implementation Phase
RTM.

6) Any finding, recommendation, or suggestion considered to contribute to risk reduction in
pursuance of the project

The issued V&V report is sent to the NED V&V team.

5.5. Unit/Module Validation Phase
The V&V activities in the Unit/Module Validation Phase are described in the followings:
V&V Inputs:
(1) Requirements Definition Phase RTM (Base Document)
(2) Module Validation test procedures (Review Document)
(3) Unit Validation test procedures (Review Document)
(4) Unit/Module User Documentation (Review Document)
V&V Outputs
(1) Document Review Reports
(2) Unit/Module Validation Phase RTM
(3) Unit/Module Validation V&V Report
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5.5.1. Unit/Module Validation Testing
The Unit/Module test procedure preparers, who are selected from other than the design engineers,
prepare the Unit/Module test procedures. These procedures include the unit design specifications,
integration of the units from modules, and test criteria. In addition, the Unit test procedures include
the following contents:

1) Test items (response time test, accuracy test, parameters test, out-of-range test)

2) Pass/Fail criterion for each test item

3) Test set-up

4) Test environment
The testers, who are selected from other than the design team, perform the testing using the above

Unit/Module test procedures. The testers prepare a test report for each unit or module.

5.5.2. Document Reviews
(1) Unit/Module Test Procedure

The reviewers review each Unit/Module test procedure prepared by the Unit/Module test procedure

preparers.
No. | Document Name Document | Remark
Number

1 | LPRM Unit Test Procedure 5T8H6724 | HNU100

2 | LPRM/APRM Unit Test Procedure 5T8H6725 | HNU200

3 | FLOW Unit Test Procedure 5T8H6726 | HNU300

4 | LPRM Module Test Procedure ST8H6727 | HNSO11

5 | APRM Module Test Procedure 5T8H6728 | HNS020

6 | SQROOT Module Test Procedure 5T8H6729 | HNS030

7 | FLOW Module Test Procedure 5T8H6730 | HNS040

8 | STATUS Module Test Procedure 5T8H6731 | HNS091/093
9 | BLANK Module Test Procedure 5T8H6732 | HNS490
10 | LVPS Module Test Procedure 5T8H6733 | HNS500
11 | AO Module Test Procedure 5T8H6734 | HNS511/512/513/514
12 | DIO Module Test Procedure 5T8H6735 | HNS520

13 | TRN Module Test Procedure 5T8H6736 | HNS530

14 | RCV Module Test Procedure ST8H6737 | HNS540

Review the test procedures for completeness (whether the test items cover all requirements),
correctness (whether the methods of testing and the pass/fail criteria are correct), consistency
(whether inconsistency exists in the testing), and accuracy (whether sufficient accuracy is obtained
for the target testing).
The reviewers shall document the result of the reviews in accordance with NICSD Procedural
Standard D-68016 “FPGA Product Development Standard.”

(2) Unit/Module User Documentation
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The Unit/Module equipment design specifications in Table 5.2.1, which Toshiba will provide for end

users, substitute the Unit/Module user documentation, and shall be reviewed by the reviewers.

5.5.3. Unit/Module Validation Phase RTM Efforts

(1) Preparation of Unit/Module Validation Phase RTM

The design engineers perform RTM efforts that trace the Unit/Module test procedures against the
Unit/Module design specifications. _

The V&V team reviews the RTM prepared by the design team, and verifies the followings:

1) The base requirements are traced to the Unit/Module test procedure. That is, all
requirements in the Unit/Module design specifications are reflected in the Unit/Module test
procedures.

2) Requirements can be traced from the Unit/Module test procedures to the Unit/Module
design specifications.

The Unit/Module Validation Phase RTM efforts trace the requirements from the Requirements
Definition Phase RTM, and report any open item found in this RTM efforts.

The design team needs to resolve those open items, and close them before the completion of the
Unit/Module validation testing.

(2) Compilation of the Unit/Module Validation Phase RTM

The V&V team describes that every requirement has been reflected in the Unit/Module test

procedures, and all open items have been closed in the RTM report.

5.5.4. Assessment of Test Equipment Software

The V&V team confirms that the test equipment software used in the Unit/Module validation testing
is controlled in accordance with NICSD Procedural Standard D-67003 “Software Media Registration
and Change Standard.”

5.5.5. Issuance of Unit/Module Validation Phase V&V Report .
The V&YV team issues the Unit/Module Validation Phase V&V report including the followings:
1) Copy of or reference to document review
The reference to the document reviews is given as a table including the document name, the
document number, the reviewer, the preparation date, the review date, and the approval date
of the reviewed documents. Any Problem Reporting Sheet confirmed in the review of the
FPGA test reports shall be a V&V record, and be included in the V&V report.
2) Reference to the Unit/Module Validation Phase RTM
The reference to the Unit/Module Validation RTM is a description of the document number,

the preparation date, the review date, and the approval date of the Unit/Module Validation
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RTM.
3) Any Finding, recommendation, or suggestion considered to contribute to risk reduction in
pursuance of the project |

The issued V&V report is sent to the NED V&V team.

5.5.6. Issuance of Unit/Module V&V Final Report
The V&V team issues a V&V final report after the completion of the Unit/Module testing. The

report includes the following contents:

(1) Description of how the V&YV activities were completed

(2) Description of how the life cycle requirements and system requirements were realized

(3) Copy of and reference to the V&V reports issued from the Requirements Definition Phase
through Unit/Module Validation Phase |

(4) Result of independent reviews of the hardware design, and a reference to it,
The V&V team shall confirm that independent reviews have been performed fqr the hardware
design documents, and include the result in the V&V report.

(5) Result of confirmation of the Unit/Module Validation testing records including the configuration
of testers. . »

For the Unit/Module test reports, the following items(facts) are confirmed:

1) Tests have been performed in accordance with the methods described in the test procedures.

| 2) All test items described in the test procedures have been performed without omission.

3) Pass or fail have been determined in accordance with the pass/fail criteria described in the test
procedures. | A ’

4) Problem Reporting Sheets for any findings including product nonconformances. (Any
confirmed Problem Reporting Sheet shall be included in the V&V report.)

5) The result of testing is acceptable.

5.6. V&V ofFE

For the FEs used in the PRM system, V&V activities have been performed in accordance with
NICSD Procedural Standard D-68018 “FE Development Standard.”
The V&V activities in this project shall include the followings.

5.6.1. Check of Documentation
The V&V team checks the following documents that ensure application of NICSD Procedural

Standard D-68018 “FE Development Standard” to the FE library.
¢ FE Requirements Specifications

e FE Specifications
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e RTMs between the FE Requirements Specifications and the FE Specifications

e FE test procedures

e RTMs between the FE Specifications and the FE test procedures

o FE test reports
‘The V&V team confirms that full pattern testing has been performed (for FEs) in the check. The
result of check shall be documented in the Design Phase V&V report.

5.6.2. Check of FE Library Control and Software Tool Control
The V&V team checks that the following control activities have been performed.
e FE Library control in accordance with NICSD Procedural Control D-68019 “FPGA
Configuration Management Standard”
e Software Tool Control in accordance with NICSD Procedural Control D-68020 “Control of
Software Tools Used ”
The result of check shall be documented in the Design Phase V&V report.

5.7. Hardware V&V

The V&V team performs independent reviews of the Unit/Module hardware design in accordance
with NICSD Procedural Standard D-68016 “FPGA Product Development Standard.” The result of
the reviews shall be described and reported in the Design Phase V&V report. |

5.8. Configuration Management

The Master Configuration List (MCL) for this project is prepared based on the ICDD MCL
(FPG-CFM-C51-0001) in accordance with NICSD Procedural Standard D-68019 “FPGA
Configuration Management Standard.” The V&V team performs V&V activities on this MCL as
part of the V&V efforts. That is, the V&V team confirms that the status of each configuration item
is reflected and updated in the MCL at the end of each phase (Project Planning, Requirements
Definition, Design, Implementation, and Verification). The result of confirmation shall be

described and reported as part of the V&V report prepared in each phase.

- 25 -



5B8H6008

6. V&V Reporting

The V&V reports being issued include the following contents:

e Problem Reporting Sheet
Problem Reporting Sheets are used to document any defects, nonconformances in the product or
configuration, and errors in the test procedures in accordance with NICSD Procedural Standard
D-67019 “Operation for Problem Reporting Sheets.”

e Nonconformance Notice Report
Nonconformance Notice Reports are issued if a problem is found in a document, equipment, or
its operation, for which V&V activities have been completed. |

e RTM Report
RTM reports are prepared for the current phase documents tracing the requirements in the
previous phase.

e Phase V&V Reports
A phase V&V report is prepared at the end of each phase. The report includes the result of
document reviews, the copies of or reference to any Problem Reporting Sheet, Nonconformance

Notice Report, and RTM report.

7. V&V Management Requirements
7.1. Problem Reporting and Corrective Action
If any problem is found in the documentation, the equipment, or in the design and V&V activities,

the problem is reported to NQAD, and necessary corrective action is taken.

7.2. Task lteration Policy

If the ERS is changed in the Concept Definition Phase, for which NED is respc;nsible, NICSD
performs a change assessment using the RTM, iterates the affected V&V tasks, and revises the RTM
if necessary.

Similarly, if a change is made in a phase, for which NICSD is responsible and has completed the
V&V activities, NICSD performs a change assessment using the RTM, iterates the affected V&V
tasks, and revises the RTM if necessary.

If a change is made in an NICSD document, an independent review for the document is performed.
The design engineer revises the RTM. The RTM is subjected to an independent review. Asa
result, the RTM report for the phase, to which the changed document belongs, is revised.

For each RTM, the design engineer re-issues the RTMs regardless of any change impact; a member
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of V&V confirms the refinement made by the design engineers.

7.3. Change Policy of V&V Plan
If NED V&YV plan is revised, the V&V team shall take the following actions:
‘1) The V&V team shall revise this V&V plan in consistent with the revised NED V&V plan,
and get approval of NED.
2) A member of V&V assesses the impact of the determined changes, if any V&V activity is
iterated. .
3) A member of V&V shall iterate the V&V activities necessary.
Similarly, in NICSD, if this V&V plan needs to be revised, NICSD gets approval of NED like

above-mentioned case, and iterates the necessary V&V activities.

7.4. Documents Control Procedure
Any documents issued as a result of the NICSD V&V activities shall be controlled in accordance
with NICSD Procedural Standard D-67023 “Document Control Standard.”

7.5. Relating Standards

The relating standards to this project are NICSD procedural standards referenced in Section 2.2.
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8. Requirements to V&V Documentation
8.1. Test Documentation
NICSD issues the following test documents for this project:
1) Unit/Module test procedures
2) Unit/Module test reports
3) FPGA test procedures
4) FPGA test reports

8.2. Metrics

The following metrics are selected and evaluated at each V&V phase to maintain the FPGA-based
PRM system in accordance with NED Software Quality Assurance Plan (SQAP). The result is
described in each phase V&V report: .

o The number of changes made in each revision of the project document,

e  The number of errors (or Problem Reporting Sheets) in the FPGA testing and

" Unit/Module testing, and -

e The number of Nonconformace Notice Report (NNR).
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