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COGNITIVE RESPONSE OF OCCUPANTS TO INDOOR ENVIRONMENTAL
INFORMATION AND ITS IMPACT ON SIMULATION
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Figure 4. IP-USN router interlocking server program

Figure 1. Floor plan of the lab
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Figure 2. Scenes of the lab
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Figure 3. CO2, temperature, humidity sensors &2 FRQFHQWUDWLRQ SOXV SSP 2

7KH VHQVRREWAHL DWW IRXU VsSrRwy PQF BERYRPQWVT EHKDYLRU ZDV RE

WKH IORRU VXJJHVWHG )EYX.W&2 Table 1. Start date and end date of each experiment
+RZHYHU SRVLWLRQLQJ WKH VH@wR@ried0:0XNPapdFndedBH9:59)
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RI RFFXSDQIV] FRIQUILRQ LV EHIHU XQGHWIRRG ([
FDQ EH HDVLO\ SUDFILFHG LQ - RUHD VLQFH D ZDW) SDG D
VPDO GLILIDO SDG DIIDFKHG IR D ZDW RI D 0LYLQJ URRP
LV YHU\ SRSXODU %\ FRPSDULQJ ([S  WR LI FDQ
EH VIXGLHG IKDI ZKLFK LV PRUH LQIOXHQILDO IR RFFXSDQIVY
UHVSRQWH EHIZHHQ HQYLURQPHQIDO LQIRUPDILRQ RU
HQYLURQPHQI LIVHOI 6LQFH WIKH SURILHV RI  RXIGRRU
PHDQ IHPSHUDIXUH ZDV VLPLODU IR IKRVH RI LQGRRU
PHDQ IHPSHUDIXUH GXULQJ HDFK H[SHULPHQI 7DECH
YLIXUH L ZDV DWXPHG IKDI IKH UHODILRQ ZUIKLQ KH
SHRSOH UHVSRQVH DQG LQIHUQDO HIHUQDO IHPSHUDIXUH LV
QHJOLJLEH 7DEOH DLIXH !
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Figure 6. Outdoor Temp. of each experiment

YIXUH  VKRZV D SRS XS ZLQGRZ WKDI SURYLGHV
LQGRRU  HQYLURQPHQIDO  LQIRUPDILRQ &2
FRQFHQIUDILRQ LQ UHDO ILPH IRU HDFK RFFXSDQI 7KH
SRS XS ZDV SURJIDPPHG ZUK IKH -$9% DQIXDIH
DQG LQIHURFNHG ZLIK O\64/ = DIDEDVH LQ UHDO ILPH
7KH DXIKRW FDQ PRQUIRU ZKHIKHU IKH SRS XSV DUH
DFILYH LQ RFFXSDQIV] PRQUIRUV YLD IKH VHUYHU RQ D UHDO
ILPH EDVLY DQG UHOHYDQW 0RJ RQ GDID ZHUH DUFKLYHG
GXULQJ IKH H[SHULPHQIV 7KH SRS XS DSSOLFDILRQ ZDV
LQVIDXOHG IR HDFK 3& ZLIK RFFXSDQIV] DIUHHPHQI 7KH
DSSOLFDILRQ FDQ EH RIN LI KH VKH ZDQIV %DVHG RQ HIKH
SRVl VXUYH\V DLP DIl RFFXSDQIV LIl ZDV IRXQG UKD IKH
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Figure 7. Information provided to occupants
%HIRMH ([S 7DEMH ZDV  GLVIULEXIHG DQG
H[SODLQHG WR D00 RFFXSDQIV IRU D VKRUW SHULRG DERXI

PLOXIHV  6RPH RFFXSDQN DIWDFKHG 7DECH IR KLV
SDUILILRQ VXUIDFH = KLH LQ ([S IKHUH ZDV QR
DODUP  JUHDIHU IKDQ SSP IIKH SRS XS lIXUQHG
\HORZ DQG UHG ZKHQ &2 FRQFHQIUDILRQ EHFRPHV
JUHDIIHU WKDQ SSP DQG SSP UHVSHFILYHON LQ
(s JLIXUH

Table 2. Information provided to the occupants
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FRQFHQIUDILRQ OHYHO RI RXIGRRU DLU

S$FFHSIDEH 0HYHO IRV YHQILODILRQ DQG DLU
TXDOLN

/LIKW GLVRUGHU RI PHIDERILVP  GHFILQHG
OHDUQLQJ  FRQFHQIUDILRQ DELOLIN OLIKW
KHDGDFKH GURZVLQHW

3UHVVXUH RQ IIKH 2[\JHQ VKRUIDJH
FKHVIl' UHVSLUDILRQ DQG DEQRUPDO
GLILFXWN\ KHDGDFKH | EDODQFH RI
" LHLFXON IR VXUYLYH | R[\JHQ LQ EORRG

ORUH IKDQ
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(a) yellow alarm greater than 1,000ppm (Left)
(b) red alarm greater than 1,500ppm (Right)
Figure 8. Pop-up in Exp. #3
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JIXUH  LOXVIUDIHV IKH PHDVXUHG LQGRRU &2
FRQFHQIUDILRQ DQG IKH QXPEHU RI RFFXSDQIV GXULQJ
IKH H[SHLPHQNV IRU  KRXW VDPSLQJ ILPH
PLQXIH  7KRXJK IKH QXPEHU RI RFFXSDQIV IURP
([SHULPHQIV UHPDLQHG WLPLIDU IKH &2
FRQFHQIUDILRQ LV VLIQLILFDQION GLIIHUHQH IURP  RQH
DQRIKHU

e  ([SHWLPHQN 2Q VWKH IWW GD\ RI 1KH
H[SHLPHQI WKH &2  FRQFHQIUDILRQ ODUJHO\
H[FHHGHG SSP DQG UHDFKHG SSP 2Q
IKH VHFRQG GD\ LI UHPDLQHG XQGHU SSP
JUXUH D $FFRUGLQJ IR IKH ZHEFDP LPDJHV
IKH RFFXSDQIV NHSI IKH H[LI GRRU RSHQ PRV RI
IKH ILPH GXULQJ WKH VHFRQG GD\ IRU ZKLFK WKH

UHDVRQ LV QR GLVFHUQLEOH IR IKH DXWKRUV

o  ([SHLPHQI  SUKRXJK IKH &2 FRQFHQIUDILRQ
ZDV LQIRUPHG IR IKH RFFXSDQV  KH
FROFHQIUDILRQ VRPHILPHV  UHDFKHG SSP
ZUK WKH LQFUHDVHG QXPEHU RI RFFXSDQIV ,Q
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general, lower CO2 concentration was measured,
compared to Experiment #1 (Figure 9(b)).

Experiment #3: After the 5-10 minutes short
guide and l-page note was distributed,
occupants Aeactions significantly changed. They
took active actions in order to keep the indoor
CO2 concentration under 1,000ppm (e.g., they
kept the windows and the exit door open). As a
result, the CO2 concentration remained under
1,000ppm most of the time. Although the
number of occupants was greater than 6 on the
second day, the CO2 concentration was still
remained under 1,000ppm. (Figure 9(c)).

Experiment #4: False information of CO2
concentration, 500 ppm plus the actual one, was
provided. The occupants took much more active
actions for ventilation than Exp. #3. As a
consequence, the CO2 concentration on the first
day was kept under 600ppm (Figure 9(d)). On
the second day, however, the CO2 concentration
exceeded 1,200ppm. It is interesting that the
occupants stopped their ventilation efforts on

- 1980-

the second day because they couldn’t lower the
indoor CO2 concentration less than 1,000 ppm.
On the second day, they concluded that sensors
are out of order.

Based on what has been mentioned above, what
follows can be inferred:

It is important that occupants are accurately
informed of the indoor environmental
information in real time. Providing indoor
environmental information such as temperature,
humidity, and CO2 is as beneficial as cutting-
edge automatic control systems for comfort and
satisfaction.

For healthy environment, providing CO2
information, which is affordable with $50-$100,
and enabling occupants to act as intelligent
agents may be more responsive and effective
than depending on expensive automatic
ventilation systems. In Korea, installation of
ventilation systems in residential buildings has
become mandatory since 2006 (KMOCT 2006)
Rather than resorting to mechanical ventilation
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VIVWHPV IRU LQGIRARLI KDA LE i XEEMUWIH USURYLGHG GXULQJ ([S $0
WR OHDYH RFFXSDQWV WR EHRFFSSPQMW R IZPMHQWRWQDZDUH RI WKH
JRRG DLU TXDOLW\ DV WKH\ ZIOWKYHO WKH\ VKRZHG WKHLU LQWHUH

z ,1 DSSURSULDWH JXLGH DQEFRUREEBAGUWRBYHPFWLRQV WR GHFU
GHOLYHUHG DORQJ ZLWK HQYLBRGQPHOQWBO LQIRW EDWHRQXLGH DQG
WKH EHQHILW ZLOO EH PXOWLSORMGGHG 7DEOH 7KH RFFXSDQWYV

Stochastic analysis &2 OHYHO WRRN YHQWLODWLRQ DFWL

DODUPV 7KHUHIRUH WKH TUHTXHC

7KH LQGRRU &2 FRQFHQWUDWLRQ d¢/p DHUHFWHREOE\ WKUHH WLPHYV 7

UHVSLUDWLRQ RI WKH RFFWEBQWY s DECIHIo\ MBM\RZORZ DV 7KH P

IUHTXHQF\ Rl WKH QXPEHU RI RFE¥FDOWMY &XH lGEP IWYKWLRQYV DUH

WKH OHDVW VWDQGDUG GHYLDWLRQp ZKUFK L\ SHUNMPERLRQ WWR([s

HHTXDO WR RU PRUH WKDQ ILYH RAEPXPOWY I H¥HXYIH kKRU FRQFHQW

WKH IROORZLQJ DQDO\VLYV SSP DQG SSP WHIEDWEH LQIHUUHG

7DEOH JUHTXHQF\ RI WKH QXPWHKD W | RFFFROSIDNW WAREHN PRUH pHITHF)

YDOXH PHDVXUHG HYHU\ RQH PLO®¥XWHRDPW ©IYNKDQSEX VR Q@ Z K[ Q

WKH LQWHUYDO RI WHQ PLQXWHVYRPRRBUHVERUHLWICH @ PLEHWRYPV RI &

VDPSOHV IRU HDFK HE&RXUPHQWWPQGAWG GHYLDWLRQV DQG WKH SU

KRXUV SSP 7DEOH

NO. OF ExP | ExP | EXP | EXP | AVR | STD W LV LQWHUHVWLQJ WKDW WKH PRVW
OCCUPANTS | .#1 | .#2 | .#3 | .#4 | . . LV SSP ZKLOH WKDW RI ([S
ORUH WH SSP 78BRYLGHV PHDQLQJIXO LPSOLF|
HTXDO ZKHQ DSSURSULDWH LQIRUPDWLRQ D(
ORUH WH SURYLGHG WKH RFFEXSDQWY WXUQ LQV
HTXDO WHUPVY RI KHDOWK\ HQYLURQPHQW
ORUH WH PHFKDQLFDO YHQWLODWLRQ@ V\VWHP
HTXDO UHVLGHQWLDO EXLOGLQJ RFFXSDQW\

YLIXUH VKR ZV L\@ISH RE-DELOW W\CE HE XYW WR GHWHURPWNH @KRIQ WHRH W
IXQFWALRRIQRUPDO IXQFWLRQ LQYUEW$HRDMHLYRQ VIVWHP W LV YHU\ OLI
XVHG IRU JHQHUDWLQJ SUREDERSWMERREY \PW Y LLE xnkL! QW U RRU &2
VLQFH WKH 3 YDOXH RI .6 .ROPRGRURWHPiIRERY DUH QRW SURYLGH
IURP WKH ORJQRUPDO IXQFWLRQ 2§ MIRHMWUVW GD\ RI ([S RFFXSDQ

FWLRQV HJ R

w Y

$V VKRZQ LQ )LIXUH WKH &2VE R “g'(? ok

([S LV ORZHU WKDQ WKDW leg' ( w: ?YV'L' g:é WKH DXWKRUVT
425 LgHL“L\B N

W ODE LQWHU
JHQ:SUPDO([;KH gggUDJSHSVP R(I[S 7 30! DFWXSS (5 FRV\(,;;,
SUREDELOLWLHV H[FHHGLQJ % RXVO\IEEEHSW EHWZGWIOH DO

DQG ([s UHWS B BWE H HULPHOW o
LQIHUUHG WKDW RFFXSDQWYV WD Vl‘—lov\ﬁ_ lﬁﬂ_&@\flb%@ S'Qgs/é_,gz%?/DE
ZLWK HQYLURQPHQWDO LQIRUPDWLR KsHb M \% GD\ WKH REEXSDQWV

'XULQJ ([S WKH LQGRRU &2 FREREQMY M IPRIRW ERIURDOIXQFWLRQLQ.
EHFDPH KLJKHU WKDQ SSP GYHK AR WKHR REkEWRIOWIRQ GLG QRW ILC
ODFN RI NQRZOHGJH RQ WKH DS &4RSY MWW 1&? REGHOH Q3 . @ WKH ZLQGR
LQWULJXDRDIMRKDW\ RI WKH RFFX$S QWX odP QW kP, WRUQHG RII WKH SRS
NQRZ ZKDW WKH DSSURWUWHWHWEZI WAL RQ DFWLRQV RQ WKH VHFR
SRXS DSSOLFDWLRQ KDG EHHQ LQMWP@PHP )LIXYIH  QFUHDVHG IURP

JRXU RXW RI HOHYHQ RFFXSDQWR FXUSRXVOF MRANGIE MWKH7DEOH 71
DXWKRUV WKH DSSURSULDWH &22 OWRIQE HEWWW MWLRQVEMYEY UHDFKHG

7TDEOH &RPSDULVRQ EHWHHIDQ HHBHHBEHPHRWRFFXSDQWYV GXL
WR DQG SUREDELOLW\ WKDW &2 FRQFHQWUDWLRQ H

EXP. #1 EXP. #2 EXP. #3 EXP. #4

AVERAGE NUMBER OF OCCUPANTS

MIN INUM (PPM)

AVRERAGE (PPM)

MAX IMUM (PPM)

STANDARD DEVIATION ( PPM)

MOST FREQUENT LEVEL (PPM)

PROBABILITY EXCEEDING 1,000PPM
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1,363ppm. Due to such phenomenon on the second
day, the standard deviation increased from 217ppm
(Exp. #3) to 317ppm (Table 4). As the experiments
were made in order, the occupants more or less
learned the relationship between their ventilation
actions and the CO2 concentration. As such
relationship changed, they stopped the actions. This
clearly shows that occupants are not ‘static’ but
‘intelligently dynamic’ and calls significant attention
to how to account for cognitive response of human
beings in building performance simulation.

,X10 g . i ;
m——pEXP. #1
LT ==sEXP. #2
1.5¢ P4 EXP.#3
= ——EXP. #4
Z
D
s .
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YLIXUH
SIMULATION

One of the main themes in this paper is to address
urgent need to reflect the aforementioned cognitive
response of occupants for better building
performance simulation. In this section, the authors
want to demonstrate importance of occupants’
response.

After the four experiments, the simulation run were
made. The geometric thermal information of the
laboratory was modeled in EnergyPlus 7.0. The
measured occupant's schedule and meteorological
data (KMA 2012) were used for the following
simulation study. Occupants’ ventilation actions
(opening/closing the windows and door) and their
influence on outdoor air rate entering the lab were
modeled using infiltration schedule. The infiltration
rate at each time step was determined so that ‘Zone
Air Carbon Dioxide Concentration,” one of the
simulation results in EnergyPlus, would match the
actual measured CO2 concentration. Be noted that
Exp. #0 was added to Table 5 for comparison of
cognitive agent simulation (Exp. #1-#4) to a
traditional simulation approach. Exp. #0 represents a
tranditional ~ approach: schedules of occupants,
equipment and lighting follow ASHRAE (2004). The
indoor ventilation rate was set to 0.7 Air Changes per
Hour (KMOCT 2006). Two different modeling
approaches (traditional approach [Exp. #0] wvs.
occpuant based approach [Exp. #1-4]) were shown in
Figure 11.
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The following simple optimization formulation was

&2 FRQFHWUD LR &epfes prigmale(infiltration model:

- -] (1

= min[¢

Where
- cost function,
M: vector of measured CO2 concentration,
I: vector of simulated CO2 concentration,
T: transpose

The following infiltration model in EnergyPlus was
selected for this study. Due to lack of information on
A, B, C, and D, FMINCON, one of the optimization
routines in MATLAB was used.

[ envlbo ) vek
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Figure 12 shows the simulation results of CO2
concentration. There was a significant difference
between the measured, simulated (denoted by
‘without Eq. (1)’) and calibrated (denoted by ‘with
Eq. (1)’).
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With the aforementioned calibration process as
depicted in Figure 12, the simulated CO2 were made
close to measured data for each experiment.
Occupant behavior during each experiment were
simulated for two days as shown in Table 5.

z  Exp. #1: The energy use for Exp. #1 27.4kwh
and 32.0kwh (Table 5). Compared to other
experiments, Exp. #1 represents the least energy
consumption due to lowest
infiltration/ventilation rate and is similar to the
results of Exp. #0.

z  Exp. #2: Since more ventilation actions were
taken compared to Exp. #l, the average of
cooling energy consumption during days
increased from 29.7 to 32.2kwh (Table 5).

z  Exp. #3: Due to occupants’ being aware of CO2
concentration and its impact, ventilation actions
were taken actively to keep the indoor CO2
concentration less than 1,000ppm. As a result,
the average energy consumption is as much as
35.4kwh. Since the occupants took ventilation
actions more actively and regularly on the
second day of the Experiment, the energy
consumption on the second day was higher by
6.4kwh than on that on the first day (Table 5).
This means that even with the same cognitive
agent energy simulation model, such significant
difference (about 7kwh) may exist.

z  Exp. #4: Since occupants were informed of the
manipulated CO2 concentration information, the
energy consumption increased to 47.2kwh on
the first day. As the occupants stopped
ventilation actions on the second day, the energy
consumption drastically dropped to 22.7kwh
(Table 5). This means twofold: (1) occupants
are a very dominant and intelligent agent in
building energy use. (2) mal-functioning
sensors/systems/equipment can  significantly
change the landscape we view by lens of
building simulation.

Based on the discussion above, the following can be
inferred:

z  The traditional (conventional) approach (Exp.
#0) significantly differs from those that consider
cognitive agents in building. For the next decade,
simulating such agent is very urgent for better

prediction and performance assessment.

z  When indoor CO2 information and its meaning
were provided, energy consumption was
increased, contrary to our expectation. However,
please be noted that the experiments were
conducted in the small and densely populated
laboratory. The energy use could be reverse if it
had been done in a large and sparsely populated
or randomly occupied space.

z Smart devices are widely adopted in
Architecture / Engineering / Construction (AEC)
industry and sooner or later occupants will be
able to check the indoor environment
ubiquitously, anywhere anytime. It means that
occupants will act as not static but dynamic and
intelligent agents in buildings. Future building
simulation must challenge to represent such
agents’ behavior and response in building
simulation.

CONCLUSIONS

This paper examined the impact of providing indoor
environmental information and knowledge upon the
occupants’ behaviors and response. It also aimed to
discover the influence of occupants’ behaviors and
response on the building energy simulation.
Therefore, a total of four experiments were
performed and their results were analyzed. Based on
the experiments, simulation runs were made.

As a result, occupants’ awareness and behavior have
changed through the provision of indoor
environmental information and knowledge. In
particular, their cognitive response to keep the CO2
concentration under 1,000ppm shows that occupants
can become intelligent agents when richer
information ("the information with knowledge") is
provided. Such cognitive response and actions of the
occupants greatly influence the building’s energy
consumption, which must be reflected in traditional
building simulation.
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7TDEOH 6LPXODWLRQ UHVXOWY ZHDWKHU GDWD EHWZHHQ
EXP. #0 EXP. #1 EXP. #2 EXP. #3 EXP. #4
Dayl Day?2 Dayl Day?2 Dayl Day?2 Dayl Day?2 Dayl Day?2
Energy
Use(Kwh) 28.6 314 274 32.0 30.9 334 322 38.6 47.2 22.7
Compare
Exp. #0 (%) - - 95.8 102.0 108.0 106.4 112.6 122.9 165.0 723
Daily 30.0 29.7 322 35.4 35.0
Average
Alr Change 0.70 0.97 1.13 1.89 2.13
/hour
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50)(5(1&(6 .02&7 9HQWLODWLRQ 6WDQGDUG IR
$6+55( $16, $6+5%( 6WDQGDUG %XLOGLQJV 6HRXO .RUHD .RUHI

(QHUJ\ VWDQGDUG IRU EXLOGLAOFUMEWLW2ZI0&BAMWHXFWLRQ DQG 71
UHVLGHQWLDO EXLOGLQJV 86% $ D

$6+5%( $6+53( 6wDQGDUP®KGDYL $ DQG 3URJOKRI &
9HQWLODWLRQ IRU $FFHSWDEOH!PSERRIP§O) BRKHE AR BEHOW GFHS H
$PHULFDQ 6RFLHW\ Rl +HDWLQJ ESQ—ngL%FH‘MbF&RY%J L%EEXL%GFESVJS/D 3L
$LU &RQGLWLRQLQJ (QILQHHUV ,GFLHWOI WD 8k Q Q

S o 86+58( +DOBERRA -~ 0 OLVHG VWRFKDVWLE
IXQGDPHQWDOV $PHULFDQ 6RFLHW\ RPHUHURY
5HIULJHUDWLQJ DQG $LU &RQGL%L'L@%Li%g\?@gg%H%%E\éSD%\g SUHVHC
,QF $WODQWD 86$ 0 |

%RXUJHRLV ' 5HLQKDUW & DQGRBBFGRRPFHEQILP ' DQG 3DUN & 6
$GGLQJ DGYDQFHG EHKDYLRXUDQ PRG R/F*EWOHQG &RJIQLWLYH
EXLOGLQJ HQHUJ\ VLPXODWLRQ YA RIR of \wEWB¥ODWLRQ
HQHUJ\ LPSDFW RI PDQXDO DQG PYWRABITWE R Gk v YL WXWH RI . R

FRQWURO (QHUJ\ DQG %XLOGLOSV 9RO 1R
Ss BLHUKXLV &ODQFH\ : - DQG +RRI ¢

0

&OLQWRQ - $ 'DQLHO < 8wD . ZA4P3462fuY P$X@WESPG]HQW PRGHOOLQJ

5LFKDUG ( : "HVLIQLQJ EXRHGY 3@5 RWLQJF "ZRUN SURFHVVHV
4

0
UHDO RFFXSDQWV $Q DJHQW EDWYE RRBWABRPO (RXUQDO RI 6LPXC

7UDQVDFWLRQV RQ V\VWHPV PD
SDUW $ V\VWHPV DQG KXPDQVKIR < %

H Q
)XMLL + DQG 7DQLPRWR - DRGFHFER RI $ V\VWHPDWLF‘
EXLOGLQJ VLPXODWLRQ DQG DMBDW WAS! lHIORYQRFH RIRFFX:
H[SORUDWLRQ WR HQYLURQPH BSbQJvV@éiL#MOl_lrERQVXPSWLRQ
9R

& 0) )DULERU] +

DUFKLWHFWXUH %XLOGLQJ DQG ABOYLBRYPHBIMP SS
1R SS
L %36% 3URFHHGLQJV RI WKH ,%36%

,QWHUQDWLRQDO %XLOGLQJ 3HUIRUPDQFH BLPXODWLRQ
$VVRFLDWLRQAFRQAHBHQFH

.DVKLI $; + %LQK / 'XJGDOH - DQG 30ORL[ 6
$JHQW EDVHG IUDPHZRUN WR VLPXODWH
LQKDELWDQWY EHKDYLRXU LQ GRPHVWLF VHWWLQJV IRU
HQHUJ\ PDQDJHPHQW L &$$57
,QWHUQDWLRQDO &RQIHUHQFH RQ $JHQWV DQG
$UWILFLDO ,QWHOOLJHQFH ,WDO\

(&2 ,QGRRU DLU TXDOLW\ WHVW VWDQGDUGYV
SURFHVYV BHRXO .RUHD .RUHD
(QYLURQPHQW &RUSRUDWLRQ

.LP - +3DUN 4P ': DQG 3DUN & 6

$JHQW EDVHG  %XLOGLQJ (QHUJ\
6LPXODWLRQ -RXUQDO RI $UFKLWHFWXUDO ,QVWLWXWH RI
.RUHD 9RO 1R SS

.LP < - DQG 3DUN &6 BUREDELOLVWLF
B3UHGLFWLRQ ARIUHFXGPHWEY 5HVLGHQWLDO
'ZHOOLQJV BURFHHGLQJV RI  WKH W K
52209(17 &RQIHUHQFH 0D\ % XVDQ
BRXWK .RUHD SS

.08% 2EVHUYHG PHWHGRUARCRILFDO GDWD
.RUHD .RUHD OHWHRURORJLFDO
$GPLQLVWUDWLRQ KWWS ZZZ NPD JR NU ZHDWKHU R
EVHUYDWLRQ

-1984-



