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A preliminary study on application of STPA to Reactor Protection System
for Defense—in—Depth and Diversity
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Background
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1 STPA (System-Theoretic Process Analysis)

> STAMP (System-Theoretic Accident Model and Processes) Z2S 7|HIO 2 5= &2
(Hazard analysis) 7|4

> Nancy Leveson (MIT) (2012) — N. Leveson and J. Thomas (2018) “STPA Handbook”
- M7|8 2 TTAGIEEE S 7|=R2]) OlA= STPA HES &7t (2019.12)
A M|0"2 A7t 2sHTH= 28 (Not Only “Failure”)
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How do we find

< inadequate controls STPA HANDBOOK

Analysis in a system? R
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Accidents are
STAMP Model < caused by

) Translated by TTA (supported by Ministry of Science and ICT)
inadequate control O EEEss oy umnuEsaE
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1 STPA (System-Theoretic Process Analysis)
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Warsaw Crash

« Software algorithm to
ensure aircraft has landed:

* Must be 6.3 tons on each
main landing gear strut

+ Wheel must be turning at
least 72 knots
+ Off-nominal landing
conditions at Warsaw Lufthansa 2904, Airbus A320

+ Crosswind landing (one side
first)

* Wel runway: wheels

; : SW operated exactlyas [ —
hydroplane designed, no failure! —

) @ | ® [2800m A New Approach to Software
TFe I"Fe iy e Safety Using STPA
F IR AT A F I T T A B John Thomas
// A ,/"_,.-r'f,x"';/}*"; ,/_'_/__, A x Ty (MIT S22 =25 EIEIE.-I)

i
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|




* FMEA : Failure Modes & Effects Analysis

KNS 2025 Spring
FTA : Fault Tree Analysis

1 STPA (System-Theoretic Process Analysis)

- USHQU =4 GHEEC FMEA, FTA= AL 18 HES HUlot=0H| AEERUL L,
Ol=et BE= 2t LIXE MAHALE HEA| etAS 204 US

NJEf IFCHNICAL REPOR| NEI 20-07, Rev E

Guidance for Addressing Common Cause Failure in
High Safety-Significant Safety-Related Digital |&C

Systems
- The NRC participants recognized that STPA is a good complement to existing regulatory activities -

: NRC Z0XI=2 STPAZL 7|E Al €SS & BE2eit= AS AUKXUSLICE STPA= SiXf
NRC X 4E R 4= Z=MANM Nz HoEX| B2 FE2= MAHL=E AL

x 0O~/

- OFFl A|ARIO| QK| 22| U SHT HAF
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- SRB ADEY0 45 X8 U ML YF Al
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1 STPA (System-Theoretic Process Analysis)

> NuScale2 ASA|AHEN STPAS HEoIRA 4L, 0|F NRC7} 2180t} 21617t S2lotR=.

ﬁ Systems-Theoretic Process Analysis
NUSCALE
Use of STPA in the The STPA is_ a process analysis method bgsed on STAMP. In th_is method,lcontrol
Development of a structures within the system under analysis are identified and diagrammatic
Reactor Protection representations (models) of those control structures are constructed. The
Rt Wiscale structures defined in this way may or may not reflect the physical structures of the

Power

July 28, 2020

system, but represent the functional controllers, actuators, controlled processes,

NuScale US460 SDAA 7.1-50 Revision 0

Paul G. Butchart
Instrumentation and Controls Enginesr

Tarmcists & (0002068501 711

- NuScale2| STPA
> &1 NuScaleQ| STPA ESXt=, 67 STPAE ZASst 22XI2 HI=SH|0{0| 303 ASX}
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1 STPA (System-Theoretic Process Analysis)
> Branch Technical Position (BTP) 7-19. Rev.9

- The reviewer should consider whether the D3 assessment is adequate to identify and
defend against CCF vulnerabillities.. .. risk of CCF vulnerabilities using a risk-informed

approach and applied design techniques, prevention measures, or mitigation measures
commensurate with the risk significance of the postulated CCF

: AEX= D3 E7171 CCF F{fd= AEol Yo7 |0f XEetX| 11 21a}{0f 3”—I'lf..

MAEXE A HE H gl (Rlsk nformed approach) =S A2510 CCF F2fMo| 21ds m™Itot
1 7PHE CCFel Y& =240 A6t A 7|=, ol|f XX| E_EQ?af XXE % %E“—I ¥



)
KNS 2025 Spiing

1 STPA (System-Theoretic Process Analysis)
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LICENSING-

* SMR Licensing

— US.LWR SMmRs are lar ilizi isting |
X gely utilizing the existing licensing a roaches ynd.
and 52 given the LWR-centrie requirements, with some f?\ugigcauons (St
— For US _rlon-LWfR SMRS, there is a need to develop structureqd approaches for
establishing the licensing basis in the absence of the decades of operational experience
and lessons learned of the current LWR fleet
* The experience with t

he Clinch River Breeder Reactor
difficulties that can arise regarding establishing the lice

EVOLUTION

Project in the 1970-80s demonstrated the
nsing basis for non-LWRs

* Risk-Informed Performance-Based (RIPB)
— Risk-Informed;
+ Assesses event likelihood and consequence
Performance-based: :
on measurable outcomes, rather than prescriptive processes, 1e?hruques. f‘" proccdl.::s
Pproaches are structured, exhaustive methods fqr assessing [:noscslsn-:_lei ::-er:aking
an occur and establishing measurable criteria to aid in regulatory decis
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1 STPA (System-Theoretic Process Analysis)

o STPA :
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1 STPA (System-Theoretic Process Analysis) S

AEE [ AT ggol A ZEo] ECESEREERE= I RE N =)
A4 J8e aas A8 e Z2Y &4 2 o Hgg
Hefol=2 | UCA-1: BSCU UCA-2: BSCU UCA-3: BSCU UCA-4: BSCU
Q@EHHo|=I7F BSCU | LEHHo]=H7} QEHHoo|=77} QEHHo|=H7}
27K %2 0 A9l ol% % HATE T 4R || 93] 25 A
52T Hot viola AES A4S | =AOTBDZ) 47 94 (kT
Helold HER HMS | Alggich [H4.3, Helo]3 HEE 4T/} TBDA
sl gkt H-4.6] NS Agei). || wEsl] Hel)
[H~4.1] UCA—S: BSCL [H-4.1] velol AEE 4
on e 1'101’;1 7} S Ars-& EAIHE.
— - [H-4.1]
Al
Als ol =5wet
Hejolz HEZE AdS
Alsstet, [H-4.1]
UCA-6: BSCU
CAACE BER:
A5 F
IR AR
Beo]3 ES
S A gt
[H-4.1., H-4.2]




STPA STEP 1~2:
Loss / Hazard / Control structure
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2 STEP1 : Define Purpose of the Analysis

)
SIR QX1

I/KAERI Korea Atomic Energy Research Institute

ID Loss name

L-1 Loss of life; injury to people

L-2 Damage to environment (e.g. contamination, release)

L-3 Loss of power generation

L-4 Financial losses (e.g. repair)

L-5 Loss of reputation, goodwill, trust, investor confidence

ID Hazard name Links
H-1 Digital CCF occurrence Digital Faultofl 2|2t CCF L-1,2,3
H-2 Human Error X|LF L-1,2,3
H-3 False positive indication or alarm Has HEAZo= 4% L-3
H-4 False negative indication or alarm HIHHE EAIZ6H= 82 L-1,2
H-5 Unexpected reactor trip O] & SHX[ 242 CEA TA| ot L-3,4,5
H-6 Failure of reactor trip HAt=Z HX[E ?lef Scram AIj L-1,2,5
H-7 Time delay in signal processing M 2| e] AZHK|HA L-3
H-8 Abnormal fluctuation in input signal UHLMS O H|HHHO G L-3
H-9 Maintenance Error FAEL 2T L-1,2,3,4
H-10 Regulatory licensing basis violation QP M| ek L-1,2,3,4,5
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2 STEP 2: Control Structure for NuScale SMR
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Handbook: A|AE! 820t OtL| 2t 224 Activity EESt Control Structure0f| &
INE=[0;[0]3=1

NuScale= 4| Activity 0fl LSt Control StructureE T2 £
0|2 MIE3} 5t S. (ollE Diagram FSERMA S7HEHX| LRUpOLE
YHA=0| 2 oHME Jzloz =g

— 0|2 &f01510{, APR1400 1&C SHOIA L5t Scopeli| U= M| Z2
M| A0 EH?_F Control Structure 2 12! & AbM|atet

Use of STPA in the
Development of a
Reactor Protection s
System at NuScale [
Power

NuScale 2 EXI=

FSERS| Figure2 &1
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AMSHE 1,257], M2
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RPS Function0i| &
o= Component
Groupg 2.

D3 =4= ?loll DPS
Function + DMA
Switch 7tX| L etst=
DAS ComponentS
AL
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2 STEP 2: Control Structure

- STPA ME & A& : XSTAMPP

& XSTAMPP --»RPS->Unsafe Control Actions-»UnsafeControlActions Table

File Edit Project Window
HAml ai
[ Project Explorer =
v [ RPS[hazx]
~ 1 Estahlish Fundamentals
Systern Description
& System Goals
¢ System Accidents
Systern Hazards
~. Linking of Accidents and Hazards
= Safety Constraints
& Design Requirerments
~ 2z Hirarchical Control Structure
Control Structure Diagram
v 2% Unsate Control Actions
Caontral Actions
© UnsafeControlActions Table
~ Corresponding Safety Constraints
& Design Requirerments
~ 4 Causal Analysis
Caontral Structure With Process Madel
2% Causal Factors Table
= Safety Constraints Step 4
v Design Requirements
3 STPA_ACCIhazx]
B3 ACC STPA[hazx]

Help

=

+ Preferences

m]

> SHEX]

oI Ad
L — =

“ Accidents * Hazards ~. Linking of A... Control Stru... " Control Stru
Filter: | Contrel Action ~ |
Control Action | Mot providing causes hazard | Prc
Control Action 1
Click to edit ,
Mot Hazardous
Click to edit
Not Hazardous oal
Add nat given UCA
Control Action 2
Add nat given UCA Ad

A ClEYS
S BH7t 2 4 UCOZ, QIEU HMILS
=1,

=[]

Xtz (FSAR, TR)O| S7HE LHE0| otg.

E‘ Design

Dedicated HW/SW

Project Management ‘

Schedule 1" Designed

Documents

4
Design & Development & VV

Requirement & 1
Drawings

Designed
HW/SW

Jl_i.._IJ Manufacturing
Design & Development & VIV

1 Problem
Report

;

il Maintenance

|

m Owner Operators and

1 Status Reports QualityAssurance

A

Maintenance
1" Problem L Request [y
Report
Maintain & i Abnormal Operating i
Calibrate Report Procedures
Hardware
r

QOperating Process

Process Variables &

Hardware Status [:_LlL Control & Monitoring

systems (PCS, NPCS..)

Operator Command

I
! Process Variables 3 Operating Process Variables & Process Variables &
| & Hardware Status I Commands Hardware Status Hardware Status
! [ijlj DPS MTPs 1l D1s ! [ilj OMand MTPs
| Manual ! Operating
' Actuate Iy | Commands
1 Operating Process Variables & 3 Operating Process Variables &
! Commands Hardware Status i Commands Hardware Status
3 4 - | | _ v
: i OmA 'jlj DPS Controllers ! ['j1j PPS BP1.2 Controllers " Trip Signals, CWP 1i1j RCOPS COPP, CEAP,
| Switch ! « CCP Controllers
! |
| ) : W) [}
! |
I | .
| Test Signals [ Pps TP Bypass Signals
I —
! | Trip Signals »  Controllers
! 1 Bypass Signal
1 Process !
' Variables '
| i l:.LEL PPS CP 1,2,3 Controllers Process Process
I 1 Variables Variables
! I
| i Reactor Trip Initiation
! I
i | - Actuator P Actustor
! & Process Sensors Reactor Trip (MG SET (RTSG Process Sensor
| (Non-Safety) for DAS e Breakers) Breakers) (Safety) for RPS
i Initiation
S I ——— I s s B
Componentgroup for DAS Reactor Component group for RPS
Trip
ESFAS ESFAS Signals ESFAS Signals
Signals y

111;| ESFAS components
(ESF-CCS, CIM..)

Y

’E Affected Systems (DRCS,
CEA, Auxiliary Feedwater
System...)

PID Control Signal

Status Reports
& Event Reports




STPA STEP 3~4 :
UCA / Loss Scenarios
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3 STEP 3 : Identify Unsafe Control Actions e

> Unsafe Control Action (UCA)

— o — oy
—

_ Control Structure T Unsafe Control Ac... &% | & Corresponding Saf.. &2 | & Design Requireme... 4 Causal Factors Ta... = safety Constraints "~ Control Structure ... = Control Actions 5 Control —'—'-
_ : [ Corresponding Safety Constraints - RPS | .
Filter: | Control Action L | clear F Act|0n l
Control Action Mot providing causes hazard | Providing incorrect causes hazard | Wrong timing or order causes hazard | Stopped too soon or Applied too long (UCA) Q’ﬂ i l
Schedule I
MN/A Project Delay N/A N/A I 4 '
Mot Hazardous E& Mot Hazardous B Mot Hazardous B Mot Hazardous + |
HOpAE '
Add not given UCA Add given incomectly UCA Add wrong timing UCA Add stopped too soon UCA = o I
Operating Commands UcA112 50 we UCAT13 50w UCA114 50w UCAT1S s | |
OM and MTP do not provide a setpoint OM and MTP provide a incorrect setpoint OM and MTP provide a setpoint OM and MTP provide a setpoint change I
moadification {including manual reset) value when the operator sends request to modification signal too late when the signal within an insufficient amount of '. ——— — | — ——— —
signal when the operator sends request to change the setpoints. operator sends request to change the time and the signal is not received by th
change the setpoints. setpoints. Processor.
[H-5]  [H-6] B Ha Hee B He HT7 & Hel
ucal.e2 50 w UCA1.8S 50 v
OM and MTP do not provide a bypass OM and MTP provide a incomrect bypass Add wrong timing UCA Add stopped too soon UCA
signal when the operator sends request to signal in normal operation. E3
bypass channel{s).
[H-5] [H-8] B H-51 =
.
Click to edit Add given incorrectly UCA CO ntrOl Act I O n S 34
Mot Hazardous =

UCA & Safety Constraints
Maintain & Ucal1g 50 W UCAT19 S0 W (UCA E_cl OI_I'XJI-"QIF E%)

94

Calibrate

Hardware Large uncertainties can be occured due to Large uncertainties can be occured due to M/ A N/ A
uncalibrated process instruments. incomect process instruments.
H-8] EE H-8] B Mot Hazardous & Mot Hazardous

Causal Factor Tables

Add not given UCA Add given incomrectly UCA Add wrong timing UCA Add stopped too soon UCA o = 39
(H2UQA 2AM)

CLEEI UCAT.22 S0 W
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3 STEP 4 : |dentify Loss Scenarios

Dedicated HW/SW

Loss Scenario &l L Feen ' | 1
Schedule Dz ¥ ;
Documents Status Reports M
= - -— . ——————* Owner Operators and
re) Design & Development & V/V Maintenance -— -
° OI_I- =< 27 | (1 998) - x I-l I-” O-I E 4 5 : ° Problem Maintenance Quality Assurance
Request
= LIgI O a -I E -I Requirement & Designed Report
I:,l_-I JE o IX EtO I _'_I K Drawings HW/SW Maintain & _
- . Calibrate Abnormal Operating Status Reports &
(e |__-| | Manufacturing Report Procedures Event Reports
x X — Hardware
o T — = —
Design & Development & V/V
U CA H:l A O H X4 X 6'- [l E_-” O | I' Operating Process
- — = Operating Commands 1
Human Operatorin MCR Non-Safety ~ *—
K control systems
Operating T P o ) Process Variables & —————°~
rocess perating : Hardware Status
Commands ‘ Variables Commands Process Variables
\
. DPS MTPs DIS OM & MTPs : Frocess o
Unsafe Control Actions Causal Factor Operating Process Variables & OPerating Commands Hardware
Process Commands Hardware Status Status
Operating Variables & Trip Signals RCOPS COPP
Commands | | Hardware PPS BP1,2 Controllers Controllers Process
Status I Variables
DMA PPS ITP Controllers -
Switch DPS Controllers — Trip Signals Test Signals Bypass Signals Process
[UCAl 105] Variables
' 1 H Process '
. Commun|cat|0n de ‘ Process Variables
Variabl
A processor provides proces lay 1 lated o C ariables | eescei2sconles |
I d h d tat ay Ime refate 0 Trip Trip Signals
S values an araware status . .. ~ Process Sensors Signals Process Sensors
L : ... EAIs not sufficient. (Non-Sarety) I T | Component group (satety)
with inappropriate communicati SC1.105 —— 1 compor
on delavs [H_2 H_7] [ : ] Component Actuation | T Signals
y ' ! group for DAS Signals Actuation Signals
Affected Systems (CEA, Auxiliary
Control Signal for ESFAS Feedwater System, ...) PID Control Signal
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RG5 RG4

KNS 2025 Spring
3 STEP 4 : |dentify Loss Scenarios
(Normal)
o in 30|
Loss Scenario =9l RG5 RG4
o St 45 7](1998) : ZHMH= 4,5 T
H & Yol X[ EfO[Y EZX= KM
H XMER xY EE
- UCA : H=9| EXEot He0] MEF —
CEA
Unsafe Control Actions Causal Factor
A [UCAl'l.OS] Communication de
processor provides proces lav i
ay time related to C
s values and hardware status ) .
with inappropriate communicati EAIs r;cglslifgglent. R
on delays. [H-2, H-7] [ o103 eactor

=

RPCS 2= O 2 Q15 (Bank1&2)
RG5, RG4 SA|H ot A&

RG: Regulating Group
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3 STEP 4 : |dentify Loss Scenarios

<1998.6.4>

RG5 RG4 RG5 RG4 RG5 RG4 Trip

i
I o|0] M&E

AXEE _
= ‘I e )

ip = 1
Al Trip 2X]
l A5 Het
RG5, RG4 SA|H 3f S RG5, RG4 SA|Hol S
(RPS - RPCS &%t 2101 ) (RPS - RPCS &% 2t0lE)

RG: Regulating Group



KNS 2025 Spring

4]

3 STEP 4 : |dentify Loss Scenarios

Dedicated HW/SW
> Loss Scenario &9l f |

_

Designed !
Schedule I Documents M Status Reports M
- - - - PR i Owner Operators and
Al e L O o] X4 Design & Development & VAV Maintenance P — -
o EI O E OI_I- XX = _I'__II_-II:I EX A oroblem Maintenance Quality Assurance
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A I'l O E O | O-I I:| _’ Requi_rement & Designed Report
ro — ML= Drawings HW/SW Maintain &

. ; Abnormal Operating Status Reports &
Manufacturing ﬁ:lr'g\"'f;fe Report Procedures
- 2& APR14000|A= CPCS S/W
T —

Event Reports
Design & Development & V/V
AMO H =
HELz Br3E.

Operating Process
Operating Commands e
Human Qperatorin MCR Non-Safety
K control systems
Operating T o o . Process Variables &
rocess perating : Hardware Status
Commands ‘ Variables Commands Process Variables
| |
Process
2 DPS MTPs DIS SR Variables &
Unsafe Control Actions Causal Factor Operating Process Variables & Operating Commands Hardware
Process Commands Hardware Status Status
Operating Variables & Trip Signals RCOPS COPP
Commands | | Hardware PPS BP1,2 Controllers Controllers Process
Status I ] Variables
DMA PPS ITP Controllers -
Switch DPS Controllers Trip Signals Test Signals Bypass Signals Process
[UCAl 105] Variables
b 1 1 Process ;
. Commun|cat|0n de ( Process Variables
Variables
A processor provides proces : PPS CP 1,2.3 Controllers
lay time related to C Tre [ 7o Sas
s values and hardware status : -  Process Semsors | g, Process Sensors
. . . - - EA IS not SUﬁ|C|ent- (Non-Safety) Signals RTSS-1/2 Component group (Safety)
with inappropriate communicati [SC1.105] ———— | compor ——
o : Trip Signals
Component Actuation
on delays [H-Z’ H-7] grougfor DAS Signals ' -J Actuation Signals
Affected Systems (CEA, Auxiliary
Control Signal for ESFAS Feedwater System, ...)

PID Control Signal
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3 Otherexamples 77 RIS

> Unsafe Control Action (UCA) G|

- UCA1.193 : Spare sets of hardware or software with a design flaw (e.g., an internal digital fault) can be
replaced at once during a maintenance period. [Hazard 1,3]

o Of: XA &S X|H PLC Controller 0| RPSE CHAO =2 FH| 7|2t Cr WA E[AS

L o=
Component Unsafe Control Actions Causal Factor
[UCAL1.18] Uncalibrated sensors are used during ope
Large uncertainties can be occurred due to uncali ration.
brated process instruments. [H-8] [SC1.18]
: [UCAl'.141] Abnormal hardware is used with false pos
QA does not provide a maintenance request even o
: if the hardware is abnormal. 102 IelEE e
Maintenance (H-3, H-9] [SC1.19]
[UCAL1.193]
Spare sets of hardware or software with a design ~ Abnormal hardware is replaced with false
flaw (e.g., an internal digital fault) can be replaced positive indication.
at once during a maintenance period. [SC-23, SC-187]

[H-1, H-3]
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3 Other examples

> Unsafe Control Action (UCA) G|

Unsafe Control Actions

[UCAL.18]

Large uncertainties can b
e occurred due to uncalibrat
ed process instruments. [H-

8]
[UCA1.141]

QA does not provide a ma
intenance request even if th
e hardware is abnormal.
[H-3, H-9]
[UCA1.193]

Spare sets of hardware
or software with a design
flaw (e.g., an internal digit
al fault) can be replaced a
t once during a maintenan

ce period.
[H-1, H-3]

Causal Factor

Uncalibrated sensors
are used during operati

on.
[SC1.18]

Abnormal hardware is
used with false positive

indication.
[SC1.19]

Abnormal hardware is
replaced with false posi

tive indication.
[SC-23, SC-187]
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L Hardware Report rocedures

Design & Development & V/V

Operating Process
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Status Reports &
Event Reports

Human Operatorin MCR

Operating Commands

Non-Safety *

K control systems
o i T Process Variables & SR
perating Process Operating . Hardware Status
Commands ‘ Variables Commands Process Variables
| OM & MTP‘ Process
DPS MTPs DIS s - Variables &
Operating Process Variables & Operating Commands Hardware
Process Commands Hardware Status Status
Operating Variables & Trip Signals RCOPS COPP
Commands Hardware PPS BP1,2 Controllers Controllers Process
Status I T Variables
DMA PPS ITP Controllers -
Switch DPS Controllers — Trip Signals Test Signals Bypass Signals

group for DAS

Control Signal for ESFAS

Affected Systems (CEA, Auxiliary

Propess Process Variables

Variables PPS CP 1,2,3 Controllers
Tri Trip Signal

~ Process Sensors Sigpnals l b Signais Process Sensors
(Non-Safety) RTSS-1/2 Component group (Eaiehi)
| Trio Sianal for RPS
Component Actuation | P >ignas

Signals Actuation Signals

Feedwater System, ...)

PID Control Signal
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> Loss Scenario O

- RPS Controller’t 25 uwH|E MEJHIA £ Single Event/| EAMgt A2

3 Other examples

Project management
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Design & Development & VIV |
: L ]
Operating Process
Operating Commands

Human Operatorin MCR

Non-Safety

Operating T Process
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Operating . Hardware Status
Commands Variables Commands Process Variables
| Process |
DPS MTEs DIS f OM & MTPs - Variables & |
| Operating Process Variables & Operating Commands Hardware |
Process ! Status
Operating Variables & Trip Signals RCOPS COPP
Commands | | Hardware PPS BP1,2 Controllers | ity
Status | i I
DMA . - - PPS ITP Controllers -
Switch DPS Controllers — Trip Signals Test Signals Bypass Signals Process
Variables
Prolcess Process Variables
Variables PPS CP 1,2,3 Controllers
Tri Trip Signal
Process Sensors Sigpnals l fip Signals Process Sensors
(Non-Safety) RTSS-1/2 Component group (Safety)
Trio Sional for RPS
Component Actuation ' | ‘eswenas |
Signals Actuation Signal
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—
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4 Conclusion

olr

=6
AR =2

[

> NuScale 2 0|0| STPAZ Qlo{7}F BU7I0, ot= & 17 US O 2 O A=

r

3 &HUM RPSS STPA =4. 7|1E FMEA S22 M FE 40| STPAZ Jisels =¢l.
- 2N SEETL Atd|S UiH[oHH ZItX| Loss A|L2|2E =,
- 8| = MRS A| AR =X S HOM0F ofE =z,
AS/SW BEX= 7 8l0l= STPA 242 &X| 2= A0[2F 0742,

- AT A STPA H82 0] 0flH] HTECE #W Tf A|2H0| 0| ADE ZOR B,
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