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An Active Temporal Rule Model for a
Nuclear Plant Monitoring System

Kwang-Woo Nam' - Jeong-Seok Park'' - Keun-Ho Ryu''"

ABSTRACT

Many applications such as nuclear power plant monitoring, plant process control, stock market management, and
network data management require a database system supporting both temporal data model and active rule processing.
There have been some efforts to extend the temporal functionalities of the active database system, but an active
database system based on temporal database, especially the one applied to the real application is rare. In this paper we
proposed an active temporal rule model based on bi-temporal database. And a rule language following the proposed rule
model was described with its execution semantics. Then, how to apply to the nuclear power plant monitoring system
was given as the examples.
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CREATE TRIGGER <rule-name>

[AS VALID <temporal expression>]

[ORDER <order value>]
{<temporal event>|
[<event action link>}<trigger event>[<temporal area>]
ON <table name>|
<temporal composite event>}
[REFERENCING <temporal references>]
[FOR [(IMMEDIATEIDEFERRED}] EACH (ROW | STATEMENT}]
WHEN <condition containing TSQL2-predicate>
DO [{IMMEDIATE|DEFERRED! {DEPENDENTIINDEPENDENT}
SEPARATE)] <actions>

TFAL EfAY FANTE = AS VALD T&
# $A4 £98 Jehis ORDER &, AIHAE ARE
EEY 5 e A TE, ATAY doledoj2df dldt
o A2t dlo|HE #xE& ¥ ¥ Y+ REFERENCING T

LAl AIAHE 215 SEX NZXIH 75 2™ 2285

E, 943 228 e 718, 133 gAY 23
5 23 Y7t FEHX 2AE ’é*ﬂg F
Z23 7RO Uy Arh Alde] Jae Ay
He A AdA AR AR € R
LA AEAE e 5 AdE HelEY
9 doje] A2oz YAsE delg HZ A, 29
2 ojEY 2oz o]Fojd BHAY Y Z o]Fo
AY. 2749 71&€L TSQL29 =oiE@dL adiz A
gaigon, A2t AnAY dHolEwolxd W@
TSQL2 Aelof FHo| AU ¥ Z2 AR o
T A7 gk
554 AAY dolewo] 2o FHL o]HA
(bi-temporal) @ olAe] AFdrh o AL TFHY
FEAANZ AGADE AdFez A A FHo] A
AEE A7 A8EHE Alzte Zolg RUE F 9
A sz, THol AMHAY AAE AT Y F3
(audit)e & + A Sk

32 ACTER <lof2| ¢ddt 2jo]

(27] Do o o "ol AgE FHAA A A%
He Heleh 2ol A FH Elo]Ee AAWUAE
BHoFo,

(271 1) CREATE TRIGGER alarm_check

AS VALID PERIOD [4/1997-3/1998]

AFTER INSERT ON analog_inputs

REFERENCING NEW AS new_analog_input

WHEN new_analog_input.value >
(SELECT alarm_limit
FROM alarm_checking
WHERE new_analog_input.analog_input_point_
id=point_id)

DO INSERT INTO alarm_list
VALUES (new_analog_input.point_id, FALSE)

(# 1) 73 Holg
Trigger | Event | Condition | Action | Vien | Vo | Tam | Tew
dmcheck | e | o | al | 4197 [0 | V17| u

AS VALIDE & H¥ #49 FuAE ARY
o2A A AAE ARRYPM BE&Hez HE,
g ¥ USE Y. o] Hol AFH ABgel T
Ao {FEAZE FHo| ANE AHFH FAAA
g

FEWHL ALTER 33& AHest FENDS 7
Ao 28 §& ¥R F Ak (2] 29 A& EA



2286 st=yEMeIz =2X MeH H9=(399)

Aolslo] 9l alarm_checkhs ol FAANLE F
7hake dejeint

(®7] 2) ALTER TRIGGER alarm_check
INSERT VALID PERIOD [6/1/1997-6/30/1957]

Al EfAE 39 $E2 ORDEREE &%
w9 PA o B 4 slew, YAHA gUhe
e w3o] FYE #A4E THY AN &A= ok
NAEE Fao] AAAHE NHolY AIZHEY F& 4
Wy A At AE F70o wet 7Eo] A3
He AL 7HsA @

dole HIAALZ cj%o] ON thgol HoldHE
PABEE gozA Ao Hog FH FH HE
He o deoled 990 AAE HER AHEHE
% & &ch dlole HZAdAY W o= BEFORE
U AFTERE AHg38t A& Yo7]E dolE wofx
dibe] Ay HE A0 w4 APz & AR, A
Y F2 Uy Adez & A AE YA 4 9l
<event action link> %ol BEFOREY AFTER tj4l
INSTEAD OF7} 2o{A4d djo]e{Hlo]x dite] A3
AE Al 2 Aoz dlm, AL YN = o
o] &8 AYEA RaA T FEHY Yor =
A3 24 Wil A APHEF It AF A=
Ao 43 FE A 24 AlPez @tk <trigger
event>% <temporal area>t AbAY F4o] HE f
olglMo] A Atz 1 A el He AHAT
T FEADY BAE B AU HFE FHF
ol dlolg] 324122 INSERT, DELETE, UPDATE
At F9 shuel o3 dAEo. 1232 UPDATES
g AHY Al OF <column list> 7o F713
A 7lgd o8 AEE &4 Il g & F
t}. <temporal area>%¥#¢l+= FOR VALID PERIODe]
o FAAE HHE VIEste A9 ABH oY
HAE A & 5 Atk

ol A A upg Fo] of =R AgEE T
5 TEAL AAY dolEuo]x el Ed]A g
W Fog Fdo oA oy A7t g dlo]
Eldjo] 2o sl Aot 4A T2 o] ARG
W FHol EA Hye Pl o ALAE oviddh
(27] 3)9 ol alarm_list EHIolE AollA] ‘FEAIZ]
19979 495E 6Y Alojdl dFE = dHolgo W
Atglo|t} AA'E AMHLR de F$E HAFET

(87] 3) CREATE TRIGGER alarm_supression
INSERT or UFDATE
FOR VALID PERIOD [1997/4-1997/6)
ON alarm_list
REFERENCING NEW AS new_alarm
WHEN new_alarm.point_id = ‘charging_pump_1_flow_rate’
DO REJECT

AZA Y dolg#olA N2ge @3 A2d9 X
9€ "2 k. AZEAY dolEolx e TF
73 Gofd 9lol, AAe AN&ol 2AY g B
e AHe AMREo2A AlgAe A2F e
EIAE A + A s (27 99 A= 1997
d AdgRe 198y 129 319747 71239 F44)
BAs F30] 80%0lE7t Hd ARE HYA e E
2 A9 dejr},

(871 4) CREATE TRIGGER Hotiday- Alarm
INSERT
FOR VALID (PERIOD [Newyearsday, 1997 - Decernber
31, 1997)
CALENDARIC WITH Korean-Haliday ON Holiday
ON calculated_items
REFERENCING NEW AS new_calculated
WHEN new_calculated calculated_point_jd = 'PPWRPCT’ AND
new_calculated. Value < (SELECT alarm_limit
FROM alarm_checking
WHERE point_id =
. 'PPWRPCT’}
DO INSERT INTO alarm_points
VALUES ('PPWRPCT’, FALSE)

{(E 2> Narm__Checking &0

Point_ki Type Description Alarm_Limit | Alarm_Color
PPWRPCT LOW [ Plant Power is too low 0 RED

Ay oz FHE A EAHH o AFH 6
olEl &2 #z3}7) 98 REFERENCING & zH=t)
REFERENCING A& dlole HIAld# 34 7l¢
5ol OLD ASel % dioJele] #A ghely, NEW
ASel o& q2¢& ge FZE JHFEA dd %=z
He dolH 9 HodHE wiHe FAAY o
el wa, FE £ golEof 9. (7] 5)9 o=
analog_inputs d#lo] Mol th@ 24 Ao} 7 Mo] 8¢
¥ dolee] {EANTE past_periodets WFE 3
Z2¢E ouig)

(27] 50 CREATE TRIGGER Tape_request
BEFORE SELECT ON analog_inputs

REFERENCING VALIDTIME PERIOD
AS past_period



WHEN past_period BEFORE Last_vacummed_date
DO call request_backup_media(past_period)
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#Z& dojgio]2 27|utE A9 Pt
Plant_Status_Parms (Point_id, Description, Unit}

Analog Inputs (Point_id, Value, Status, Sensor_id)
Calculated_Items (Point_id, Value, Status)

Alarm_Checking (Point_id, Type, Description, Alarm_Limit, Alarm Color)
Alarm_List (Point_id, Type, Acknowledge)

Ao 27nkes A &40 @A #else AA
4 diojg] 22 FEEE A2 Prh

42 SBOAM 7& of
$€ Ao £7ivtg Hg oz €4 PN A2d

9 71%5e] oA FEHALE FUE F U= AE
HolFE 2@ du. o = 204 AANd ¥4
oJd A7|vjel] wet FEE dlojgjuo)x @A
TEH ATAY TR P YA A2 e
2} do|EjHo] 29 Mol lE A4 HAH FI
g% TFH A WA 9449 o Feld WY T
FH AR 4 ¥dE RAEd A4 94 #AA A
2§€ 20007 olde 4y F;E WopEolxm 600074
ol e UH 4u ¥ FE FE& N <E D>
< oM Yo 93 e W5 =589 Aoz
TAHE AZAY doleuols ol Holg2
el dddhs TERAY AHS dodA FxHe o
3 A 5 FESL vogd

4.2.1 9A2U9] SR 2&F Fo) A

229 FYA BE2F Fo] AAE A2 F
A2 742 7)(In-Core Detector Sensor)e] A4 FE &
ol da2d F44 ¥4 % (Neutron Flux)9] Fo]&
YA gAYl HotY £ YUEE i 750 @
A2 o A= Qe 2§ FA4A AA7E o 2
Zobo} A ¥El2, A e Asdch gy
A A A2 AA7I2RE AMge] gHe &
A FAA REFE AT o @) £ 2F FA
A ZAZIE 822U FHAEA dE =& H=o
wel Z=rh Wely] g2, 83 HdA 2hd wat
Aojx of 30z uitt FA7I9 FEIt A Hps oo}
gk AA7Y AEE FA4 EE£FE ALY 99
o2 & 4289 AA72RH YYHe oidRra
dolego] ¢ollX Ael® Analog Inputs H ol el
Azl 582 wa <E 49 2& YHZ AP}

(& 3 Plant__Status_ Parms EfiO|##

PoinJd Description Unit Vi Ve Tomt Tog
KCDTRILZ Tncore Detector 12 Voit 19370 o7/ -
RCPLOOX Pressurizer Pressure Koz 1997731 o7/

(E 4) Analog Inputs EHOIE |

Point_Id Value Status Vim Vio Totart Tera
CDTROL2 1% 0 097773 ®21T_|_1997/1/3 00| 1997717 0BT
CDTROIZ 7192 0 19977773 082615 | 1997/1/3 G021 | 1997/1/3 062019
ICDTROIZ 728 0 1om73 202 | 1907/ B8 | 1997713 o0
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(7] 6) CREATE TRIGGER Neutron_Flux _Calc
AFTER INSERT ON analog_inputs
REFERENCING NEW AS icdir
FOR EACH ROW
WHEN icdtr.point_id LIKE 'ICDTR__" AND

END(VALID(Gedtr)) > (NOW - 2 second)
DO IMMEDIATE N_Flux_Calc_Procedure(icdtr)

CREATE TRIGGER Detector_Sens_Calc
every 30 seconds
DO DTR_Sens_Calc_Procedure
Neutron_Flux_Calc %€ Analog_Inputs € o] ol
Nz 4o Ax, 2 YYo] ICDTRE A FHE °f
E5 2= U 42 gAVERH A2 22 o9
oz AASS 249 Fold, dolgulols Y2
o] ZTZAFo N_Flux_Calc_Procedure)E %3] 4
Az FAA 223 AL & w2 sYso 43
£ Calculated_items Hlo| 8] AR rh
Detector_Sens_Calc 32 v} 30x"itt #x7]¢]
ZEE AN FEE s Ao, Az &7t A
#2 o} B4 2 AHef @A dloHEE vgL
2 x2AF°] DTR_Sens_Calc_Procedure® %3 7
A719] &g ANt Calculated_ltems Hoj & A
ZstA g,
<E 5>E <F 3ol dAE wHL: JeEF F9
e U FAA #XR7] 120CDTR012)8 Y gs
o] Azte] &S wet Analog Inputs Elo|Eol <HE
49 o] ALY A, g9 FIH o Wse
Calculated_Items Eloj &< W&& Bo Eth

4.2.2 9AZ JAAT dFoldol AP HH 24
23 A AN29e 4x2 YIAT 439 o3

AT AIAE® 215 SEX AIZIKIH & =Y 2289

g wAsn a0 dF FRE DAAIAL @
A2 YZAFe ¢Ee YAz Yo 2&4E T
Age d e 38 §Fold. wEtA, YAAEY
gEle 944 U4 oA Hu JEF9 sHujojtt WZ
AL e o)zl MY AAEE Fo st
WZAE 7719 gol 333 dA o3 dAY
A4 #e EFHsE A2e FEE HAAA @
o (7] 7e FAL gty 4HAMEZRE A9
E yAASe 49 glol " dAH e By @
AANE Yeud AFHoR JREE dolEuelx H
olto] 712HEE s ot}
(271 7} CREATE TRIGGER RCP_Press_Alarm
AFTER INSERT ON analog_inputs
REFERENCING NEW AS rcpnew
FOR EACH ROW
WHEN rcpnew.point_id LIKE ‘RCP__X' AND
repnew.value > (SELECT Alarm limit FROM Alarm_
Checking
WHERE Point_Id=icdtr.point_
id and Type=HIGH)

DO INSERT INTO Alarm_Points VALUES (rcpmew, HIGH,
FALSE)

RCP_Press_Alarm 3¢ Analog_Inputs Hjo} £l
Aze dge] AL o, 1 JHYE o]Fo] RCP~
2 AR"n ~X2 Fue 7] dgeldEA, Alarm_
Checking Eiol&dl 1 &Eo dizt HIGH 45 4A
o] 9, AR ¥4 guct Y go] 2V AF 7}
ot7] ¢teo] olg FE #Fo| Alarm List Ele]Ed]
F7lE 28 @t

<E 6, 7, &, <E > dAldE HHaA: AT
9 e s sidrl d=(RCPI00X)S At 58
o] w& W3r} Analog Inputs Hlol Bl <& 6>3% 2
o] AQls 1, <E 7>¢ Alarm_Checking Hlol£¢ W&

{E 5) Calculated Items E{|O|#

Pointld Description Valoe Urit Viem Ve Toer Tt
In-Core Detecter 12 NEUT/ . )
ICNXO012 Detectar 12 205 e | 1008 w2047 | 197273 G819 | 19077773 082017
In-Core Detector 12 NEUT/ '
ICNXC012 . Pt 1 2059 e | 10w w2019 | 19007773 08201 | 19977773 082019
In-Core Detector 12 NEUT/ ]
ICNXC012 Detector 12 2084 BT | 1w e | 1o o820 | 1907773 082021
ICDTS0L2 In-Core D:ft:"’ 12 3906 Volts/NV 1997/1/3 082017 | 1997/1/3 0B20:47 | 1997/7/3 02017
ICDTS012 In-Core Detector 12 3906 VOtsNV | 1997/7/3 082017 | 1997/1/3 082117 | 1997/1/3 082047
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(E 6> Analog Inputs ElO|& 2

Paint_Id Value Status Virom Vi Tt T
RCP100X 151 0 1997/7/3 0B20:15 1997/7/3 082018 1997/7/3 08:20:15
RCP100X 152 0 1997/7/3 08:20:18 - 1997/1/3 08:20:18
<X 7> Mlarm__Checking Ell0|&
Point_Id Type Description Alarm_Limit Alarm_Color Vinen Vi T Tewt
Pressurizer
RCP100X HIGH Pressure 1519 RED 1997:3/1 1997/3/1
High Alarm
(I 8) Alarm__List Ejo|&@
Point_Id Type Acknowledge Virom Vio Taa Tend
RCP100X HIGH FALSE 1997/7/3 08:20:18 1997/7/3 08:20:18

7 o] HIGH AEE g @A gt MAl Hol 3l
£ %99 k9] RCP_Press_Alarm 5% %ol 23
Alarm_List Hio]Bol& <& 8> o yehd A} g
Ma2e FEol F719& BoFo)
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