SrEAIE 0[HStE =2 X] http://dx.doi.org/10.9709/JKSS.2013.22.4.109
( Vol. 22, No. 4, pp. 109-118 (2013. 12) ISSN 1225-5904

DEVS HAIE 7|Ht9] Dynamic Reliability Block Diagram2} GPU
7% 7128 o|8st ez EA HiH
3 & e =gy

GPU-accelerated Reliability Analysis Method using Dynamic Reliability
Block Diagram based on DEVS Formalism

Sol Ha - Namkug Ku - Myung-II Roh

This paper adopts the system configuration to assess the reliability instead of making a fault tree (FT), which
is a traditional method to analyze reliability of a certain system; this is the reliability block diagram (RBD) method.
The RBD method is a graphical presentation of a system diagram connecting the subsystems of components
according to their functions or reliability relationships. The equipment model for the reliability simulation is modeled
based on the discrete event system specification (DEVS) formalism. In order to make various alternatives of target
system, this paper also adopts the system entity structure (SES), an ontological framework that hierarchically
represents the elements of a system and their relationships. To enhance the calculation time of reliability analysis,
GPU-based accelerations are adopted to the reliability simulation.

Key words : Reliability analysis, dynamic reliability block, diagram, DEVS (Discrete Event System Specification),
GPGPU (General-Purposed computing on Graphics Processing Units)
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2.1 Fault Tree Analysis

2.1.1 Static FTA
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Fault Tree

System Failure

Failure Failure
Fig. 1. Simple fault tree for a simple serial system with
two valves

Simple serial system with two valves

Valve A Valve B

U

AND - Output fault occurs if all of the input faults occur

OR - Output fault occurs if a least one of the input faults occurs

n COMBINATION - Output fault oceurs if n of the input faults oceur

EXCLUSIVE OR - Output fault occurs if exactly one of the input faults
accurs

Fig. 2. Gate of the fault tree (Stamatelatos, 2002)
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1. Valve A Fallurﬂ
Valve A

Switch —>
[3 switch Failure]

Valve B

Fig. 3. Simple redundant system with two valves and a
switch: switch failure after valve ‘A’ failure

2. Valve A Failure
— Valve A
Cannot change the stream
because of switch failure
[ ——

o,
.,

Q
Switch —>

1. Switch Failure Valve B

Fig. 4. Simple redundant system with two valves and a
switch: valve ‘A’ failure after switch failure
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(a) Functional Dependency Gate (b) Spare Gate
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Fig. 5. Gates of the DFT: (a) functional dependency (FDEP)
gate, (b) spare (SP) gate, (c) priority-and (PAND)
gate, and (d) sequence-enforcing (SEQ) gate

FDEP

® ®

(c) Priority-AND Gate

Dynamic Fault Tree
o>

Valve A and B Switch fails
Failure before Valve A

Valve B Valve A Switch
Failure Failure Failure

Fig. 6. Gates of the DFT: (a) functional dependency (FDEP)
gate, (b) spare (SP) gate, (c) priority-and (PAND)
gate, and (d) sequence-enforcing (SEQ) gate
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Fault tree

1. Need expert to make the fault tree

2. Large cost for complex system
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selecting logical gate
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Step 2: Calculation of system failure probability

Markov chain Bayesian network

Markov chain
1. Do not use fault tree structure

directly
2. Too many number of states in
Markov chain
= (Combination of equipment failure)
X (Sequence of cquipment failure)
=2"xn!

Fig. 7. Disadvantage of FTA-based reliability analysis method

[ 112 JEENEE ISR

=X

Dynamic FT 7]418] A|28] AlZ|=2 AXSHS & 5
o] H 0 2 Bayesian networkS: 0]-8-5H= HHol 9]
Cl(Bobbio et al., 2001). Bayesian network+= Markov chain
T 2 FTY 125 Jdi2 85 ol & A
Aol ALg-Eli= Bayesian network = Heloh= dal2|ES
ARt AXE & 84 ZHol| A Markov chainkE
o wE A =S3ivhe Ae 7L Qlch

2.2 Reliability Block Diagram

A2le] Al EAE gio) HEAOR AgEo] &
FTAL T 2ob] HRlel FT ¥l 27}7} Fof4
A2wle BAslo] FTE 2hgaorsh whlo] itk 4|
o] BYERE FTe) 24 u]$3} AlZlo] B 4o,
ARES FT: Ze7ke] 9 Zof 2142k 2148t =2 Al
O|EQ] ARG offlof wet 11 Avpr} detxict. Bayesian
network B2 ©]-8-31'H dynamic FTo] thgt AlF = #|
AF ATE DA Ylof] Atk AHo] ZASIAE 22
o FTE Yh5olop 9tk e wiohd) gkt

NEES BAs] Sl Wy 5 E O yos
Reliability Block Diagram (RBD)-2- ©]-83t ®HHo] £
3T}, RBDE o83 WS A48 B8l 14 of
3] Qlat wAE W3] HAslo] ol FT2 A4fshs
ATHE Y] AATE TS 519 AuiSe] <l 2

£ 02 A8ek $AS e, RBDE A8l 7
HES T Aol HaY ales), 2 a9 4l
o) g opel the 20A AR
S dnelES AT
RBDS ]_&o}u:] FTE ZHAel= IS ARA o1
7120 AAdE AAEl T PFD (Process Flow
Diagram), P&ID (Piping & Instrument Diagram)<& ©]
§3lo] 24 AFE BAS Sl UL A4 4 9)

b

2. Fault Tree Analysis

System fails

1. System configuration

Valve A Valve B Markov Chain

&

'Hi

Bayesian Network

Fig. 8. Reason for the use of a RBD



.u_

DEVS HAIZ 7|8t9| Dynamic Reliability Block Diagrami} GPU 7t& 7|&2 0|88 A2z 2 ditH

ok R A28 R} 519 AAE 219 9 BAS
7|k 2 sh7]of skl Arls 1k Q1 WA= FTHEG
ol Holat 4= ok 2 =RojA= RBDE Hola}
+ WHoEN F2A HdS %Sk System Entity
Structure (SES)&} 49 ZdlS ¥R Fs= M
(MB)E &=SJskirk

Model Base

3. DEVS HAIZ 7|t Reliability Block
Diagram= O|8%t AlZ|E EA Y

RBDE o}83 A1) 241 WS o}8l7] Sl
RBD9| I7to] &= AlAH] 4%, PFD, P&ID=RE
agxoz RBDE 2 = Q&= =45 TQ 3
o £ BeUR S olgslel RS sk
7 gHES Al ] §lsA= RBDF dAste] A=

o]HLE a8AoF 435k 4= Qlojof Flth
H =Hojx= Zeigler et al (2000)0] A3t A|AHIQ]
95 WHES olg3lo] REDS R} o) o]}
o] AJEgo|HE 43515t). Zeigler et al.(2000)-2 o4k
A A Bl AL FeAos IS 4 9l FAIRo] o]
AF A A AH] TA|(Discrete Event System Specification;
DEVS)E AAgict E3h 1o thakel AlAELS: 519

Al2Ele] LxA o] AFd BAE e system entity
structure (SES)2} 52191 352 H5= model base
(MB)=Z &35t #3sh= WS AAEE & ==
o= DEVS #4237} SES/MB HElg] 22 RBD
oF AAsto] A= A AlEg o] A&kt

m

3.1 System Entity StructureE 0|8 A|AH!
S Y A oot RS A
SESTH A|AR1S TR 319] AlLde] A o
2 TAE Ed(tree) 2= FAT S Ul SESO
A AFgSHE 2o} 23] k] 7249 12 B o)
Yol 48] A olel Ale] shg] AR FAEE A
u ohjeh 58 S AR AKssith ol ol
SES+ pruningo|gh= & B SRE Addo=n
ofg] 7}x] A tiekE A/l W 4= glem, ol AlF®
341 2] o] Aol ot ofe 1) A4 theke
3 4 QuEg =g Zut
Fig. 9= 24 9 3JlAk0] LNG AJAF ZH;EOA] AR
%)= DMR (dual mixed refrigerant) 5732 4= A
©o|th(Ha, 2013). Fig. 99 of|A|#Rt ofuje} LNG B4k &
HE| A= of2] 7HA] 37 ®AI5k] Fig. 102

]

Precooling
(First Cycle)

G
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Fig. 9. Configuration of the DMR (dual mixed refrigerant)
cycle for LNG production plants
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Fig. 10. System entity structure for the LNG liquefaction
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Fig. 11. DEVS atomic model to check the failure of a
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Fig. 12. DEVS atomic model to repair failed system
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// allocate host memory
host_models = AllocateModels(x_size, y_size)

// initialize models

For each model in host_models
model.Initialize() // initialize model

End For each

4.2.2 CPU%A GPUZS] Hlojg] EA}

Z7137F k== GPUCA dAkE 3fskr] flsf
host memory©] A3t Ho|E}E GPU2] device memory
2 B3I Device memory 2 H|o|ElE EARSHA 93l
CUDACA Abde] Aod =5 o] 83ttt ofof ot
pseudo code= Th} 2t

// allocate device memory
device_models = cudaMalloc(x_size * y_size)

/I copy from host to device
cudaMemcpy(host_models, device_models, x_size * y_size)

4.2.3 29 AZE AlETOIA 9

GPUE EARE Hlo[E & o]85to] th=9] Akadiqt
Z)¢] A} GridE o83t W kg 4=tk
9] XX Fere] AlEHo|Aolli= DEVS 420 ujet
0] output functiong WA AYlch o] sl Ay
3t 288 AEsl] Ysfl S & external transition
function?t W& A2 A] TA¥sk= Y&d, AHY 555
Z2]5l7] Y3t confluent transition function 4183t}
71831 ufx]9tO 2 internal transition functionS 41343+
S =M el AZEY] AlEE oS mEXA Fek olof of
3} pseudo code= t}23} Zch

J

rLoox

+

N

// setup grid property
SetGridProperty(threads, blocks)

// output function
OutputFunc<<<blocks, threads>>>(device models)

// external transition function
ExTransFunc<<<blocks, threads>>>(device models)

// confluent transition function
ConfTransFunc<<<blocks, threads>>>(device models)

// time synchronize
__syncthreads()

// internal transition function
IntTransFunc<<<blocks, threads>>>(device models)
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4.2.4 GPUYA| CPUZ9] tlo]g EA} & 332

o] AR X8 $ GPUOJAQ] Axte] FEEH
AXF ATE CPUS| host memory 2 TRA] EAFSICE CPU

o A+= host memoryol| #1735 Ho|ES o] g3lo] A|A
) 14 ojH slo] W Bxja] 2kl Asysi). olo] blatk

g3 2,

pseudo code+

/I copy from device to host
cudaMemcpy(device models, host models, x_size * y_size)

/I post process
ConfirmSystemFailure(host models)

5. DEVS A2 7|tte| RBDE 0183
ME|E EA ofA]

B emold Aokt o] B8NS A Sh)
chao] 271 SAle] chsl Akt e Agatgich 1
23 GPU 71 7142 A8 el A AgE &
4317] Slo A8 At 2 T AR AL vl BA

STt

5.1 Firewater pumping system
Fig. 14= 7F=FsI5t firewater pumping system?| <244 %=
£ HojZrh Fig 1404 & 4= Q150] firewater pumping
system-> oJ5-8 EZ3}5}ko] 2719 fire pumpS 7FR| L Q)
o, o] HEA|7] 4 9l 1749] engine & 7F 31 Gl
ol o]gsto] FTA WP =oflAl A¢ket Wb
ol-gsto] AFE=E A% Avte thE #eF Atk
Table 194 & 4= §l5z0] RBD&= EHIZE WS o]
&sto] A= =F ALtstr|ol FTAo| Hlste] Akt AlTto]
o £20%= e Il 4 Utk 224 GPU 715
7S EUSHE e At Alttol 152 FolEH,
FTA W& o] &35t AL ARk Blaed of 1 2fe]7} =

Al tae B = jlokh

5.2 Hypothetical computer system
Fig. 15+ 7F=F3}3SE hypothetical computer system2]
TAEE HojZErh Fig. 1594 & 4> 9159 hypothetical
computer system-= 3 Z || /\]/\E“(process system), ™|
g AAE (memory system), -5~& & T3 (application),
2ar 2719] W (bus)2 ?‘é%ﬁ}.
4249 i8] HARE e sts) At ool 3
W FAER], QR AES oEHel WAE T

[ 116 JEENEEISEE

=X

Configuration of fire water pumping system

Engine

Fig. 14. Configuration of firewater pumping system

Table 1. Comparison of reliability analysis results for the
firewater pumping system

Reliability analysis Probability of L
. Execution time
method system failure
FTA 3.040% 0.49 [sec]
RBD based on DEVS 3.016% 4 [sec]
RBD based on DEVS o
and GPGPU 3.016% 0.78 [sec]

Configuration of hypothetical computer system
Bus 2

Bus 1

I 1 I
1)
Al Sp:re MIU MIU App
A2 GUI
Process system Application

Memory system

(Need 3 memories)

Fig. 15. Configuration of hypothetical computer system

Table. 2. Comparison of reliability analysis results for the
hypothetical computer system

Reliability analysis Probablht?/ of Execution fime
method system failure
FTA 4.899% 6.3 [sec]
RBD based on DEVS 4.854% 403.4 [sec]
RBD based on DEVS o
and GPGPU 4.854% 34.1 [sec]




DEVS HAIZ 7|8t9| Dynamic Reliability Block Diagrami} GPU 7t& 7|&2 0|88 A2z 2 ditH

81719l dynamic FTAL} DRBDE 0|83} AlF=& &
Aol AlARIS] AE|eE A3 Zil= Table 29t
2t Table 20]4] & 4= 9)%0] RBDE o] 83} upHoa
L AT BAL 93t AA A7to] wo] A= A
Sholgl 4= Qi) 18y GPU 71 7]&aE 95192

L 0¥ A=) A% gkato| 9lom, FTAES o]&st
3} it o AR Ajzo] 2A] Zolub e A
Q13 4 glck
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flo ou: ﬂil

6. 2 E

1 = Bol i Folxl A2 AHES B4 ¢
3fl reliability block diagram (RBD)2 =3It} Fault
tree (FT)ES o] 43t W0l AL FT 248 ofs) o &
ofe] AR} Besin], B4 A7 Ao ARl
o] ojEE= AFol Wk 121 RBD| 7% FTof
HJ5f A|2] S PFD, P&IDE 7|REe = Hrt 47|
e 4 gleRe A3e) gl

RBD9| 2}/d3} of 2] 71A] A dicte] digh A== &
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