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ARE d& F AvE Aoe2HE FEFvl Partial Least Squares E£&
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NODE$} NCE (Node Connecting Element)2 T4 €tl. NODE# wj#%& 34
st Avle Al 28 JeE Aez AYY £ v NCE NODEQ'
NODEE «dZ3te 242 AHJ¥E 4 9. NODEE NCEZ %ye iy
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e A glol FrEFLAYA s YR F8d X4 Kirhhof
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2 3889 g3 2o

lga;;@,"f' L=0, i=1,-,n 3
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o711 A= NCES NODEY ¥4d& uUegtlie P82 82 g;Y &S WA
NODE¢} jii#]l NCEe] dZo| whet oh&3t o] Hofdd
+1,if NCE ; enters NODE ¢
—1,if NCE ; leaves NODE ; @

0, if NCE ; is not connected NODE

7% NCEZ 58 325 7% @t 4 (DAY 2ol ¢48yg g2 BAH
W APE AE o83t -ATPst o] EAE $ Utk A(3)¢] nodal equation
9] rank7} 7I& NODEY <wg A7l wdid, A@)AA 71& NODEA 9
nodal equation® AAFLZHN BoJF reduced incidence matrix(A1) < reduced
load vector(L)E AHE&] A(3)& Aestd 2(G)g 22 ujdde g dvty
9] nodal equations % 84 24L& AL F A}

au=

A lg(— A'P1+L,=0 )

Nodal equation®lA oz didgo] oist £33 2dE 7] g PP
Hardy-Cross, Linearization, Newton-Raphson %% o] 7/l2=o] A& 5o g
1.2l & AFAE Newton-Raphson S o] €3 HHsly e d37bAFAL
o] mj@gel HEste] EASHRAH.

Partial Least Squares (P1.S){4.5,6)

Multiple Linear Regression (MLR)°] ¥ &Ado]g] X YA}old 3o
AE 2XM3= AAd wa] PLSE X9 Y9 Principal Component Analysis&
238 dojxl AEZE W4 (LV; Latent variable)E Alo]e] BAE B = Ao
t}. PLSE= 7/1d8 o2 Canonical Correlation Analysis(CCA)®} #+AMeh B
o ABAo] BE ol Hgor)

X YaxmZb 22 nle] 23 AFE 2 S mie SFHJHTE 2
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PLS 22& 4(6)# Zth. X9 Yo &7 4L X9 score vectorst Y score
vector Ato]9] regression®l &}a] o] FojAtt. T score vectorAlolo] Mo B

A7 A& A, X Y9 A= A7NH 2

X= S, VI+ E, Y= S, VI+ E, ()
Syh=bn"$en, h=1,7r @]
A 71M S(=[s1, sz -, s)E score vector, s TFAE score matrixo]H,

V(=[vs, vz, *+, ))& loading vector, v2 T4 ¥ loading matrixe]t}. r& PLS &
dol AHg® LVY ol 28la E:= residual matrixelt}. by= $ score vector
Atol o) BAE YelE AY Aot}

PLS 2d& ol&3 4@ 2 AN s M2 AU H(X)ERH
AqSHolE(Y)E d&d + g

T=75,- v ®)

A7l e AZE ANNE Uit S,E §,h2 FA" PO score
matrixo| . SypE TR JoN FaA $F A FLgozN T S
=3

Sen= X vn/(Uls Vo), h=1,71 ©

3. A9A g RdFA 2 WA

TSN Yo 9|5t A

Fig. 12 247019 NODE$} 2471¢) NCEE FAE #Z7}AFAe] AxY A
A7t FFMAF(1990E 19 N1F)o A med g Zojct, 1 NODE:
Fd NODEZ ¢¥o] 200 Kg/em’Z 135} itk 33 NODEE q&7]9 =
FE U9 713 Kg/em®2 S €T T3 4709 Ajoldud] o4 12, 18, 19,
2091 NODEZ EAE Ao¥H 79 @¢eo] 217} 176, 86, 85, 86 Kg/em’E
TAEh 729 552 AR E ug AP

M(0.815,0.599)

Sum of Squared Error, SSE
o

0 . i . ,
[k ] 080 081 282 0863 084
EfMiciency Factor, n

Figure 1. A schematic diagram of the Kyungin Figure 2. SSE versus 7.
area pipeline network system.
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Table 1. NODE data and simulation results. Table 2. NCE data.

Lgad Pressure_(Kg/cm®) Nodes diameter Length
No. (m’/hr) True Simulation No.  Type From To (m) (m)
1 547815 20.000 - 1 P 1 2 0.650 4000
2 0 16.729 16.978 2 C 2 3 - -
3 0 71.300 - 3 P 3 4 0.650 15313
4 Q 68.288 68.234 4 P 4 5 0.650 21888
5 4] 63.696 63.595 5 P 5 6 0.650 16682
6 -11351 59.925 59.819 6 P 6 7 0.650 11085
7 0 57.374 57.275 7 P 7 8 0.500 13303
8 0 53.434 53.464 8 P 8 9 0.500 8836
9 0 50.626 50.776 9 P 9 10 0.500 5896
10 0 49.329 49.499 10 P 10 11 0.500 4951
11 -240560 48.209 48.401 11 Ccv 7 12 - -
12 0 17.600 - 12 P 12 13 0.600 9579
13 0 14.961 14.948 13 P 13 14 0.600 5938
14 0 14.000 13.945 14 P 14 15 0.600 9667
15 0 12.281 12.135 15 P 15 16 0.600 9000
16 -66597 10.442 10.165 16 P 16 17 0.600 14839
17 0 9.094 8.593 17 Cv 17 18 - -
18 -106773 8.600 - 18 Cv 13 19 - -
19 -10571 8.500 - 19 P 19 23 0.500 5938
20 -17726 8.600 - 20 Ccv 9 20 - -
21 -8320 8.362 8.323 21 P 20 21 0.500 6988
22 9712 8.097 8.010 22 P 21 22 0.500 12257
23 -41615 8.047 7.951 23 P 22 23 0.500 4903
24 -34590 7.620 7.415 24 P 23 24 0.500 13808

Table 12 Fig. 19 NODE UH|o]€ & HA|3 Aot} o] X+ peakrd Z
NODEd A o] R3tel & zkelnt. 1, 3, 12, 18, 19, 20 NODEY A&
equation solverd] 7]F¢4EoZ JHHE golw A 1849 FA= 834
Ed& F 9 vlud ghold.

Table 2+ Fig. 18] NCE dic|HE EA$ Zojtt. P, C, CVE NCES e Z
EF3 Aoz Ztzt #(pipe), ¢=7)(compressor), A°]WH (control valve)E
Etditt. Zk NCES] 270t B9 249 & AA 7 Zol7t A Ho Ul Table
1,28] Hio|HE ulgo g 314 mdo FAo] PaF A Wy S Ak,
efficiency factor, 7 3t& WEAAY mAY 4H S ALstAc. #3 &b A
At el zxto]E SSE(Sum of Squared Error)E Z3) vz ch

SSE=2( Pi—p: )%, i#1,3,12,18, 19, 20 (10)

NODE number

Figure 3. The deviations of mathematical model from measured pressures.
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Table 3. Data set for PLS models. (X™; Y% Table 4. PLS mode! using 4th data in Table 3.

MODEL m n SSE Cumulative Percent Variance

1 1.000 1.000 32.409 LV x84 yew

2 1.000 2.000 17.628

3 1.854 1.000 7.219 1 76.46 92.11

4 1.854 2.000 4.523 2 91.31 98.12

5 2.000 1.000 6.379 3 94.46 99.04

6 2.000 2.000 5.649 4 96.54 99.74
5 98.26 99.85

Fig. 2914 7=08159 = SSE=05992 A ox2 o4 wjdgol ois] ZA}
A 2AF 7FEEE ¢ 4 o Fig. 32 7=0815Y w9 z} NODEY 23&
Yerd Aoltk Table 1914 simulationd el 7=08159 @We} EAte] Aojn -
2 EAE #e 9EA 2 AAEA Fgs Yebdd

o]l A#AERE Fig. 19 wj#Fo] sl Panhandle2l# 7=0815% AH&3%
F83 2dg B olF FHL o0xF ZAY £ JY&E & F Uth

SASA mdd g ®A}

Fig. 19 wi@do] did FadolH (Xexwol ¢Ae &= =d(Panhandle
2, 7=0815<% A&} FHEEUOIH(Yexe)E It YHolHE 24719
NODE% 7I&¢48do2 444 6719 ¢H& A3t ot} mi#de Faot ¢
galoldl= Z+e A#TAZE 7] WEol X, YHo]E o] PLS regression¥ &
He3dle 5A83 zd((PLS 2d)& 5 ¢ Yo

ol X9 Yo @3t AgdaAs ofder H)olA e ol 1 FEX X7
3 y'e] Atele] HEel @A olvk 2 EE Table 37 Zo] B 71X 2d&
a3 B At FFLAAY FEFAHNA GHHG FFS 49 AF v
et 2822 68 Zd(m=2.000, n=2.000)0] wi@Fol g PLS =9 Uut
A dolHZ & 4 itk & AT g& X YdlolHE () vger o
o]z dHolgjolm g 4 do]E(m=1.854, n=2.000)F ©]&3 PLS zdo] 7}3 3
2 2AE Y AoE ogdt

¥F3d X7 Y" dolHE ol&sd PLS EdEg FAENIY. CV (Cross
Validation) test3 23 5719 LVE A&t Aol A Ugdt. 2 2dL
X"g o] &8 &3 g Y99 2AE SSEE Mu, AES I Table 304
& 4 A%l F=d HolHE AT Fy 2AAE €4 F UReH g4H v
F7EAZ 4 "HolHE o]&3% Rdo] /1A HE A& HYS &+ U &
3 ke Alole] A itk AHIF glE& A 6MFG T HHE o]&3t=
Aol 71 HAY Aoltl Table 4= LVFol WE 49 dlo]HE o] &3 PLS &
dof} o) FHY ¥FL Yerd Aot}

TA4E PLS 2l EASHS AFE7] H3 Table 59 & HF ¥-3tdo]
H(X)E FAsAth PLS Edo 93t &2(Y)} £33 ZdE o] g Fof
g gke] WAt AdiE &, o/ 2 NODES X & Table 59 3
g3ty =3 ztzte] TESTO] 3 SSEE A sttt
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Table 5. Test data and Results for PLS model using 4® data in Table 3.

TEST Synthesis of min. |deviation| max. |deviation|
No. Test Load - ings SSE
NODE |deviation| NODE |deviation}

1 Table 1 21 0.0001171 17 0.1557757 0.1354201
2 X 24 0.0008483 11 0.1465333 0.1070862
3 min(X) 9 0.0016695 17 0.2072786 0.1180586
4 max(X) 9 0.0010286 17 0.1979990 0.0867312
5 X to 21 0.0026665 11 0.1374829 0.0823543
6 X -q 21 0.0003475 7 0.0342706 0.0056691
7 X +2¢g 21 0.0028319 17 0.5927372 0.5095299
8 X -20 21 0.0014889 i1 0.2342017 0.3053088

Fig. 4% 8719 AFHIEHF 1, 2, 5 74 g Ztze] NODES|A 9] PLS &
gol @ d3® GYH FH 2ol oa A58 4P WAS Uehd A
ofch, AT AME 727 £05%, £99% FIFEYS 2AE el

of A%}z ¥H AAE Yoo dolHE A P PLS BRI F9 U
o EA Ase ¢ 5 AT

4. 48

¥ d79AE Panhandled 2 ]84 £33 2dE ol&d FFIt2FALY
AAAGul A g o ofF H2 oA, F 7=081564 w SSE=059=2 EAZ
T AT 5 BdE ol &8 g4I Folo da dHEXUIHE A& ¥
AR o™, £ o] Ho]HE o] 43 PLS EdE 7AE F AN AFHIHE
3 /igd PLS 2d& ol &% wAREAL JsEe €+ AW 2dEn
PLS 249 AI&5 = HolHE 712 FRE ol8s) BAFO=H Hy Y2
ARE =T 5 AUY. PLS EdE o83 HHAA PLS Ed42 o]&3=
AE o] &F dug FAE 2AE S T A 2EHY PLS Rd 2 o]
My BAY] gHe gAY AAdME & 4 %ol PLS Edo] HolE 9
EF017] qEo 2l AHEE HolHe Feiy Mgz wek PLS Zdo) 9
¢ Zdael MFEE F5-dd.

[ T T T TT

® TEST#
O TEST#2
v
v

L

TEST #5
TEST #7

------ * 95%
* 99%

DEVIATION

[
P W N s a o N oswm N
P R S R EY)

NODE number

Figure 4. The deviation of a PLS model from the mathematical model.
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2 d7M AN PLS 2dg o] &3 wi#Te] AE HA dolHZ Y
EdE BE g Q7] Wi £4H 2drd FI2o] A9 A ALY B
7t el FAHZ A2 udH stxe] 54 A 99T g Aotk
2y E dFdME £ 2o dojxl doleE ol 8s AN 2d
& TAstH FARY 2d I A TEAY HsAE AERY WEA 4
A AT dolHE ¥ F 2l %S vuy et Ao EI PLS £
712dE ZAsed AHEHE HolHY JIEE Fole W die a7
FHEE ML tid AFE FPE F AUS A2 Z diEr,

FEHoz2 YTy FANAY AsAET ATHEHSG A
Tosy WA TH oo FPE o o)d FA=HYTh

A A NODE~NCE incidence matrix and reduced NODE-NCE incidence

linear relationship between score vectors of X and Y
diameter of pipe, m

residual matrix

resistance of the pipe, nghrl'gs“cm
length of pipe, m

load and reduced load vector, m*hr™

pressure, Kgcm™

squared pressure vector, KgZcm ™

difference vector of squared pressure, ngcm_4
flow rate, m°hr?

number of the LVs

score vector and matrix

loading vector and matrix

measured or predictor matrix

observed or predicted matrix

efficiency factor
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