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Smin � Si � Smax

'i |xrwr |=Q@ xO=iDU= p@=k OQ=Ov=DU= Q=]k= xawtHt Di =Hv}= QO
VWwB jta ADmin 'i |xrwr CUOq=@ |=yxrwr Q=]k= xawtHtDj

|xv}tm |@O QO CaQU Vi w R=Ht VWwB xv}W}@ ADmax w xv}tm
"CU= KQ]

|D=P Ow}k =yxrwr ?}W |xv}W}@ w xv}tm Ow}k xm CU= QmPD x@ sRq
p}rO "CU}v u; uOQm Qw_vt x@ |R=}v =Pr w OvwW|tv ?wULt xr�Ut
u}t-=D |=Q@ '?}W Ow}k uOQm Qw_vt |=Q@ |L=Q] |=yxt=vu}}; |xOta
K} QY CQwYx@ xv}y@|L=Q] QO xmCU=CaQU |xv}W}@ w xv}tm O}k
|Q}PBh=]av= w C}r@=k V}=Ri= |=Q@ 'ut[ QO "OvwW|t xDiQo Q_v QO

"CU= xOW xO=iDU= R}v Ow}k u}= R= 'j}kLD u}= QO pOt

|R=Uxv}y@ Ov}=Qi
Ca}@] R= xm u=vJ '?q[=i |=yxm@W |xv}y@ |L=Q] |xr�Ut pL
"CU= O}kt |R=Uxv}y@ |=yVwQ R= xO=iDU= OvtR=}v 'CU=XNWt u;
?q[=i |=yxm@W |xv}y@ |L=Q] |=Q@ O}kt=v |WwQ R= Q=DWwv u}= QO
Q_v OQwt *O}kt |xr�Ut p}O@D OvtR=}v Qt= u}= xm CU= xOW xO=iDU=
x@ O}kt p�=Ut p}O@D |=yVwQ xOta R= "CU= O}kt=v |}xr�Ut x@
"OQm xQ=W= Sv=Qo q ?}=Q[ w |v=w=D `@=D |=yVwQ x@ u=wD|t O}kt=v
|rw 'OQ=Ov xOW u}}aD p@k R= ?}=Q[ u}}aD x@ R=}v Sv=Qo q ?}=Q[ VwQ
xOwRi= Sv=Qo q ?}=Q[ u=wvax@ xr�Ut *CqwyHt Q@ xr�Ut Ow}k *O=OaD x@
|rN=O |v=w=D `@=D *j} Q] wO x@ u=wD|t =Q |v=w=D `@=D VwQ "OwW|t
|awQW |x]kv OvtR=}v |rN=O |v=w=D `@=D VwQ "OQ@ Q=mx@ |HQ=N w
|Qt= |UOvyt |xO}J}B p�=Ut QO u; x@ |@=}CUO xm CU= |vOW
u}}aD '|v=w=D `@=wD R= xO=iDU= pmWt "CU= umtt=v ,=[a@ w pmWt

"CU= |v=w=D ?} Q[ ?U=vt Q=Okt
p}O@D |=Q@ |WwQ u=wvax@ |HQ=N |v=w=D `@=wD R= j}kLD u}= QO
|xr�Ut "CU= xOW xO=iDU= O}kt=v |}xr�Ut x@ O}kt |rY= |xr�Ut
|Q}oQ=mx@ =@ w [16] DOT |twta Q=Ri=sQv R= xO=iDU= =@ pY=L *O}kt=v
|R=Uxv}y@ |=yVwQ u} QDy@ R= |m} |Q_v ^=Lr R= xm BFGS VwQ
|=Q@ |twta |Q=Ri=sQv DOT "CU= xOW pL [17]CU= O}kt=v p�=Ut
|=yVwQ R= xO=iDU= =@ �� O}kt=v w O}kt R= sa= �� |R=Uxv}y@p�=UtpL
� QJri � uwUO} w}O VwQ xrtH R= '|]NQ}e |R} Q xt=vQ@ hrDNt
w �BFGS� 11wv=W � ?Q=iOrwo � QJri � uwO} wQ@ '�DFP�10pw=B
x@W |WwQ BFGS VwQ "CU= �CGM� 12GwORt |=y?}W VwQ

sHvB w |U |xQ=tW � h} QW ! 4
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xOwDU |O=yOtLt w Q=Wi= |O=yOtLt

|r}rLD p=Ft
Q=}U@ ?q[=i |=yxm@W |R=Uxv}y@ |xr�Ut |r}rLD pL xm =Hv; R=
?=wH =@ 'O}kt=v |xO=U p=Ftl} R= =Hv}= QO 'CU= umttQ}e w xO}J}B
`]kt =@ wQ@q[=i wO p=Ft u}= QO "CU= xOW xO=iDU= 'swrat |r}rLD
|=OD@= |Q=PoQ=m jta "CU= xOW xDiQo Q_v QO 2 pmW j@=]t |}xQ}=O
*Rt=}r} w � u} R}y pwtQi R= w 'xOW ZQi QDt 1 2 Q@=Q@ pw= *wQ@q[=i

"CU= xOW xO=iDU= u=} QH p}rLD QO xOW KqY=
%CU= xOW ZQi 27 |x]@=Q j@] xr�Ut |xv} Ry `@=D

CT = (0 5D2 + 10H2
ave + 40D + 80)L (27)

QU wO |Q=PoQ=m u}ov=}t jta Have 'wQ@q[=i Q]k D u; QO xm
x@ \w@ Qt C=aq]= Q}=U xt=O= QO "CU= xrwr pw] L w &wQ@q[=i

%CU= xOW xOQw; xr�Ut
DH1 = 1 2m k = 1 5mm
L1 = 75m Q1 = 0 01m3=s

L2 = 70m Q2 = 0 01 + 0 025 = 0 035m3=s

Z1 = 15 1m
Z2 = 15m
Z3 = 14 8m
u=wD|t =OD@= 2 pmW x@ xHwD =@ 'xr�Ut |r}rLD ?=wH |x@U=Lt |=Q@
%OQw; CUO x@ =yxrwr ?}W ?ULQ@ =Q =yxrwr |Q=PoQ=m u}ov=}t jta
Hav1 =

DH1 +DH2
2 = 1 15 + 37 5S1

Hav2 =
DH2 +DH3

2 = 1 + 75S1 + 35S2 (28)

u} R}y |x]@=Q R= xO=iDU= w r = 0 8 |oOWQB C@Uv ZQi =@ p=L
x@ Q]k |x@U=Lt |=Q@ =Q Q} R |x]@=Q u=wD|t xOW KqY= *Rt=}r} w �

%OQw; CUO
Di = 0 3345Q0 3938

i S�0 1708
i i = 1; 2 (29)

"|r}rLD p=Ft |}=tv=H "2 pmW

"|R=Uxv}y@ Ov}=Qi CQ=Jwri "1 pmW

Ov}=Qi QO OQ=Ov=DU= Q=]k= |x@U=Lt sD} Qwor=
|R=Uxv}y@

*u}}aD '?q[=i |=yxm@W |xv}y@ |L=Q] |=Q@ xOW x�=Q= pOt *hOy
"OwW pk=OL =QH= |xv} Ry xm |wLvx@ 'CU=yxrwr |Q=PoQ=m *R=QD w Q]k
CQwYx@ s}tYD Q}eDt u=wvax@ =yxrwr ?}W xO=iDU= OQwt pOt QO
Qy Q]k '|R=Uxv}y@ Ov}=Qi QO |rw CU= xOW Qw_vt xDUw}B |Q}eDt

%OwW|t x@U=Lt Q} R sD} Qwor= *j@=]t xDUUo CQwYx@ xrwr
&CU= |DQ=HD Q=]k= |xOvQ=tW T}Ov= i u; QO xm i = 1 %1 s=o

xm 'xrwr Q]k u=wvax@ 'OQ=Ov=DU= Q=]k= pwOH R= Di ?=NDv= %2 s=o
&Ov=xOW ?DQt |OwaY *?}DQDx@

'?}W uDW=O CUO QO =@ ?q[=i |oOW QB C@Uv |x@U=Lt %3 s=o
&�1 xrO=at� nv}v=t |x]@=Q R= xO=iDU= w xrwr |L=Q] |@O w Q]k

&wQ@ 8 s=o x@ (h=D) � (h=D)max Qo = %4 s=o
& i = i+ 1%5 s=o

QO OQ=Ov=DU= *Q]k u} QDnQR@ =Q xrwr Q]k 'i � Ndiam Qo = %6 s=o
&wQ@ 8 s=o x@ w Q}o@ Q_v

&2 s=o x@ wQ@ %7 s=o
&xH}Dv xQ}NP %8 s=o

"CU= |Q=H xrwr x@ \w@ Qt OQ=Ov=DU= Q=]k= O=OaD Ndiam u; QO xm
pOt uwtR;

'xvwtv |xr�Ut wO w |r}rLD p=Ft l} pL =@ pOt |}=Q=m VN@ u}= QO
"OQ}o|t Q=Qk |UQQ@ OQwt 'CU= xOW pL R}v u}kkLt Q}=U \UwD xm

5 ! sHvB w |U |xQ=tW � h} QW
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"""|L=Q] |R=Uxv}y@ QO |]NQ}e |R} Qxt=vQ@ OQ@ Q=m

%CU= xOW xO=iDU= 31 |x]@=Q CQwY x@ [20]=ywQtO;w =yxrwr |xv} Ry

CP =8>>>>>>><>>>>>>>:
10 98D + 0 8X � 5 98 if D � 30and X � 100
5 94D + 1 66X + 0 504XD � 9 64 if

D � 30and X � 100
30=0D + 4 9X � 105 9if D > 30

(31)

Cm = 250 + h2 (32)

|xv} Ry Cm '($/ft) xrwr ?Yv pw] OL=w |xv} Ry CP u; QO xm
|Q=PoQ=m hm jta u}ov=}t X '(ft) xrwr Q]k D '($) QtO; ?Yv

"CU= (ft) wQtO; jta h w (ft)

=@ x}O=@q w uwUv}@=Q w pRvw w R}t xm OvO=O u=Wv |v}y w Rr}t
uDiQo Q_v QO uwO@ w 'QB Cr=L QO u=} QH CaQU |x@U=Lt x@ xHwD
QO xOQDUo xLiY VwQ R= =yv; "Ov=xOW =]N ?mDQt '?q[=i `=iDQ=

"OvOQm xO=iDU= x=@DW= u}= K}LYD
nv}v=t|m}rwQO}y pOt R=|v}y w Rr}t VwQ Ovv=ty xr�Ut u}= QO
'8ft=s CaQU |xv}W}@ |m}rwQO}y Ow}k w Q}eDt |Q@ R ?} Q[ =@
"CU= xOW xO=iDU= 8ft VWwB |xv}tm w 2ft=s CaQU |xv}tm
|v}y w Rr}t ?=wH x@ C@Uv xv} Ry Vy=m �5 2 |xOvyOu=Wv G}=Dv

"CU=
QO |O=yvW}B pOt R= xO=iDU= =@ xr�Ut u}= pL R= pY=L G}=Dv

"CU= xOW xO=O u=Wv 3 pwOH
=@ 4 pwOH QO w 'xOW x@U=Lt xm@W |xv} Ry 3 pwOH x@ xHwD =@
x@U=Lt |xv} Ry 'xH}Dv QO xm "CU= xOW xU}=kt u}W}B |=yVwQ
xv} Ry Vy=m �10 5 R= |m =L xm OwW|t QqO 220023 pO=at xOW

"CU= OwHwt ?=wH x@ C@Uv
Q}}eD =@ w |WR} Q |=ywQtO; hPL Qw_vtx@ Qo}O Q=@ jwi |xr�Ut
pL Qo}O \}=QW uDW=Oxov C@=F w 12ft=s x@ CaQU |xv}W}@ O}k
Cr=L u}= "Ot; CUO x@ QqO 245874 pO=at pm |xv} Ry w [19]OW
xOt; 5 pwOH QO u; G}=Dv xm 'xOW x@U=Lt |O=yvW}B pOt \UwD R}v

"CU=
*u=mt= hOy =@ xOQDUo |xLiY VwQ R= xO=iDU= =@ |v}yw Rr}t
u}= x@ xHwD =@ "OvDN=OQB jwi |xr�Ut pL x@ |UOvyt Cw=[k *p=ta=
u=mt= \ki 'CU= |DUO VwQ |R=UQ=mOwN |awv x@ =yv; VwQ xm
"OQw;|t sy=Qi |DUO Cr=L x@ C@Uv =Q |QDW}@ |=yxv} Ro |xU}=kt
w CU}v xv}y@ |LQ] x@ VwQ u}= |@=}CUO QO |v}t[D I}y u}=Q@=v@

"|O=yvW}B pOt \UwD |r}rLD p=Ft pL G}=Dv "2 pwOH
�m3/s� |@O �mm� Q]k wQ@q[=i ?}W wQ@q[=i xQ=tW

0 01 193 6 0 0005321 1
0 035 255 0 0019701 2

CQwYx@ xm@W pm |xv} Ry '27 |xrO=at QO x]@=Q u}= |Q=Po =H =@
%OwW|t u=}@ =yxrwr ?}W ?UL Q@ w 'Q} R

CT =
h
1 426e� 3S�0 3416

1 + 10(1 15 + 37 5S1)2

+2 136S�0 1708
1 + 80

i � 75 +
h
3 872e� 3S�0 3416

2

+ 10(1 + 75S1 +35S2)2 + 3 52S�0 1708
2 + 80

i � 70
(30)

Q=Qk QiY |w=Ut w 'S2 w S1 x@ C@Uv 30 |x]@=Q R= |Q}ojDWt =@
?}W |=Q@ =Q Q} R |xv}y@ Q}O=kt u=wD|t xOt; CUO x@ CqO=at uO=O

%OQw; CUO x@ =yxrwr Q]k TBU w =yxrwr
S1 = 0 0005422) D1 = 197 1mm
S2 = 0 0021993) D2 = 254 1mm

pwB OL=w 14785 Q@=Q@ Q_v OQwt *|r}rLD p=Ft |=Q@ pm xv} Ry 'xH}DvQO
Q_v OQwt |xm@W |xv}y@ |L=Q] R= pY=L G}=Dv 2 pwOH "OwW|t

%OyO|t u=Wv |O=yvW}B pOt j} Q] R= =Q
xm CU= pwB OL=w 14786 Q@=Q@ Cr=L u}= QO xv}y@ KQ] |xv} Ry

"CU= Z=te= p@=k w R}J=v Q=}U@ |r}rLD G}=Dv =@ u; hqDN=

1 |L=Q] xr�Ut
\UwD TBU w 'KQ]t [3]u}kkLt R= |}xOa \UwD Q=@ u}rw= xr�Ut u}=
u=Wv 3 pmW QO xr�Ut u}= |}=tv=H [19w18]"OW pL u}kkLt Qo}O
|x@U=Lt |=Q@ xOW x�=Q= \@=wQ R= xr�Ut u}= QO "CU= xOW xO=O

"pw= |L=Q] |xr�Ut |}=tv=H "3 pmW

sHvB w |U |xQ=tW � h} QW ! 6
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xOwDU |O=yOtLt w Q=Wi= |O=yOtLt

"xv}W}@ CaQU O}k Q}}eD =@ pw= |L=Q] |xr�Ut pL G}=Dv "5 pwOH
Q]k ?}W CaQU |@O ?} Q[ xQox@ xQoR= xrwr
xrwr xrwr u=} QH |L=Q] |Q@ R
�in� �fps� �cfs �
15 0 0105 4 9 4 0 013 22 11 1122
15 0 0134 6 29 7 0 013 33 22 2233
18 0 0119 6 34 9 0 013 42 33 3342
15 0 011 4 99 4 0 013 32 12 1232
18 0 0113 6 03 8 0 013 42 32 3242
24 0 0148 8 6 22 0 013 52 42 4252
18 0 0139 6 48 8 0 013 34 23 2334
18 0 0178 7 95 12 0 013 43 34 3443
21 0 0107 7 13 16 0 013 52 43 4352
30 0 0136 10 44 0 013 61 52 5261
18 0 0147 6 84 9 0 013 41 31 3141
21 0 0107 7 13 16 0 013 51 41 4151
24 0 0104 7 4 20 0 013 61 51 5161
36 0 0145 11 5 71 0 013 71 61 6171
15 0 0109 4 98 4 0 013 53 44 4453
15 0 0098 5 38 6 0 013 62 53 5362
18 0 0106 6 08 9 0 013 71 62 6271
42 0 0096 10 39 87 0 013 81 71 7181
42 0 0079 9 79 89 0 013 91 81 8191
48 0 006 8 87 94 0 013 10 91 9110

CP = 1 93e3 43D + 0 812d1 53 + 0 437d1 47D (33)

Cm = 41 46Em (34)

|Q=OQ@l =N jta \UwDt d 'QDt x@ xrwr Q]k D 'QBv OOa e u; QO xm
|=yC}OwOLt w C=}[Qi "CU= QDt x@ wQtO; `=iDQ= Em w QDt x@
?} Q[ 'QDt|r}t 8 6 |Q@ R `=iDQ= pt=W xr�Ut QO xOW xDiQo Q=mx@
|xv}W}@ 'x}v=F Q@ QDt 0 6 CaQU |xv}tm '0 013 nv}v=t |Q@ R

"swO |L=Q] |xr�Ut |}=tv=H "4 pmW

"|O=yvW}B pOt R= xO=iDU= =@ pw= |L=Q] |xr�Ut pL G}=Dv "3 pwOH
Q]k ?}W CaQU |@O ?} Q[ xQox@ xQoR= xrwr
xrwr xrwr u=} QH |L=Q] |Q@ R
�in� �fps� �cfs �
12 0 0137 5 52 4 0 013 22 11 1122
15 0 0182 6 98 7 0 013 33 22 2233
18 0 0153 6 93 9 0 013 42 33 3342
12 0 0144 5 62 4 0 013 32 12 1232
15 0 016 6 97 8 0 013 42 32 3242
24 0 0118 7 96 22 0 013 52 42 4252
18 0 001 5 75 8 0 013 34 23 2334
18 0 0179 7 97 12 0 013 43 34 3443
21 0 0139 7 79 16 0 013 52 43 4352
36 0 0076 7 95 44 0 013 61 52 5261
15 0 021 7 95 9 0 013 41 31 3141
21 0 0133 7 68 16 0 013 51 41 4151
24 0 0129 7 97 20 0 013 61 51 5161
42 0 0052 7 78 71 0 013 71 61 6171
12 0 0139 5 56 4 0 013 53 44 4453
15 0 0114 5 67 6 0 013 62 53 5362
18 0 0135 6 63 9 0 013 71 62 6271
48 0 0046 7 91 87 0 013 81 71 7181
48 0 0046 7 92 89 0 013 91 81 8191
48 0 0036 5 51 94 0 013 10 91 9110

"pw= |L=Q] |xr�Ut |xv} Ry G}=Dv |xU}=kt "4 pwOH
xv} Ry xO=iDU= OQwt VwQ

QqO 265355 DDDP pRvw w R}t
QqO 274463 CSUDP x}O=@qw uwUv}@=Q
QqO 254407 xOQDUo xLiY |v}y w Rr}t
QqO 241227 |]NQ}e |R} Qxt=vQ@ |O=yvW}B pOt

?U=vt |LQ] x@ |@=}CUO QO VwQ u}= |D=@U=Lt |xv} Ry u}vJty
"CU= O=} R

3 |L=Q] |xr�Ut
w [21]u=tQm QyW |Qw;`tH |xm@W R= |DtUk u=wvax@ xr�Ut u}=
|m}rwQO}y pOt |Q}oQ=mx@ w O}kt |[=} Q |R} Qxt=vQ@ R= xO=iDU= =@
pL C@=F |Q@ R ?} Q[ =@ nv}v=t w xOW KqY= Rt=}r} w � u} R}y
|xv} Ry `@=wD "CU= xOW xO=O u=Wv 4 pmW QO xr�Ut |}=tv=H "OW

%CU= xOW xO=O 34w 33 \@=wQ j@=]t =ywQtO;w =yxrwr |Q=PoQ=m

7 ! sHvB w |U |xQ=tW � h} QW
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"""|L=Q] |R=Uxv}y@ QO |]NQ}e |R} Qxt=vQ@ OQ@ Q=m

xO=iDU= =@ w |O=yvW}B pOt \UwD swO |L=Q] |xr�Ut pL G}=Dv "7 pwOH
"nv}v=t |m}rwQO}y pOt R=

Q]k ?}W CaQU |@O ?} Q[ xQox@ xQoR= xrwr
xrwr xrwr u=} QH |L=Q] |Q@ R
�in� �fps� �cfs �
0 55 250 0 0063 1 27 9 4 1 1
0 77 300 0 0037 0 95 54 9 9 2 2
0 79 200 0 0045 0 8 21 1 15 3 3
0 64 300 0 0018 0 64 30 4 5 4 4
0 6 300 0 0025 0 73 32 4 6 5 5
0 52 300 0 0044 0 92 34 7 6 6
0 58 300 0 0034 0 85 36 6 8 7 7
0 7 300 0 0023 0 73 38 7 12 8 8
0 69 400 0 0011 0 61 56 2 10 9 9
0 58 400 0 0019 0 76 58 11 10 10
0 55 400 0 0023 0 83 59 6 12 11 11
0 81 400 0 0022 0 89 96 7 13 12 12
0 69 500 0 0011 0 7 101 2 14 13 13
0 71 500 0 0011 0 7 104 7 20 14 14
0 72 250 0 0027 0 7 26 4 16 15 15
0 71 250 0 0035 0 81 30 17 16 16
0 75 250 0 0035 0 81 31 9 18 17 17
0 81 300 0 0018 0 66 40 3 19 18 18
0 57 400 0 0012 0 61 44 6 20 19 19
0 71 500 0 0027 1 12 165 9 21 20 20

"swO |L=Q] |xr�Ut |xv} Ry G}=Dv |xU}=kt "8 pwOH
xOW KqY= Rt=}r} w �� u} R}y pwtQi nv}v=t pwtQi

82950 83116 |v=Hv=N w |QwYvt
76811 81553 |O=yvW}B pOt

R= xO=iDU= =@ �7 4 w nv}v=t pwtQi R= xO=iDU= =@ �1 88 u=R}t x@
"CU= OwHwt *?=wH x@ C@Uv xOW KqY= Rt=}r} w � u} R}y pwtQi

|Q}oxH}Dv
|L=Q] |=Q@ |rOt |]NQ}e |R} Qxt=vQ@ VwQ T=U=Q@ j}kLD u}= QO
=yxrwr ?}W R= u; QO xm CU= xOW x�=Q= ?q[=i |=yxm@W |xv}y@
QO "CU= xOW xO=iDU= |R=Uxv}y@ |xr�Ut s}tYD Q}eDt u=wvax@
x@ |rY= O}kt |xr�Ut p}O@D |=Q@ |HQ=N |v=w=D `@=D R= VwQ u}=
xO=iDU= =@ 'pY=L O}kt=v |xr�Ut "CU= xOW xO=iDU= O}kt=v |}xr�Ut
u}= QO "CU= xOW pL DOT Q=Ri=sQv \UwD BFGS sD} Qwor= R=

G}=Dv "OvDUy QDt 2 45 pO=at VWwB |xv}tm w x}v=F Q@ QDt 3 CaQU
|m}rwQO}y pOt R= xO=iDU= =@ |O=yvW}B pOt |xr}Uwx@ xr�Ut pL
?}DQDx@ C@=F |Q@ R ?} Q[ =@ nv}v=t w xOW KqY= Rt=}r} w � u} R}y
R= pY=L |xv}y@ |=yxv} Ry "CU= xOW Tmavt 7 w 6 pw=OH QO
"CU= xOW xU}=kt|r@k G}=Dv =@ 8 pwOH QO |O=yvW}B pOt |Q}oQ=mx@
QU wO `=iDQ= hqDN= w \UwDt |Q=PoQ=m jta uOQm Qw_vt =@ u=kkLt
|xr�Ut pL |=Q@ Q}PBu=mt= C=yH VwQ R= s}tYD Q}eDt u=wvax@ xrwr
u=v; |xO=iDU= OQwt pOt xm =H u; R= "OvOQm xO=iDU= Q_v OQwt O}kt
xDUw}B |xv}y@ Q]k p}O@D 'OyO|t x�=Q= xDUw}B CQwYx@ =Q xv}y@ Q]k
?=wH R= uOW QwO x@ u=v; |O=yvW}B VwQ j} Q] R= |Q=HD |=yQ]k x@
Q]k |x@U=Lt x@ xHwD =@ xOW x�=Q= |O=yvW}B pOt "OwW|t QHvt xv}y@
hQ]Q@ =Q xY}kv u}= '|R=Uxv}y@ Ov}=Qi u}L QO xDUUo CQwYx@ =yxrwr
|xU}=kt =@ Qt= u}=� CU= xOW pY=L |=y?=wH Ow@y@ ?Hwt w xOQm
=yxv} Ry Vy=m |xOvyOu=Wv G}=Dv "�CU= xOW xO=O u=Wv =yxv} Ry

R= xO=iDU= =@ |O=yvW}B pOt \UwD swO |L=Q] |xr�Ut pL G}=Dv "6 pwOH
"xOW KqY= Rt=}r} w � u} R}y |m}rwQO}y pOt

Q]k ?}W CaQU |@O ?} Q[ xQox@ xQoR= xrwr
xrwr xrwr u=} QH |L=Q] |Q@ R
�in� �fps� �cfs �
0 66 250 0 0025 0 81 27 9 4 1 1
0 78 300 0 0024 0 93 54 9 9 2 2
0 79 200 0 0025 0 79 21 1 15 3 3
0 69 250 0 0026 0 84 30 4 5 4 4
0 72 250 0 0025 0 85 32 4 6 5 5
0 75 250 0 0025 0 86 34 7 6 6
0 79 250 0 0026 0 89 36 6 8 7 7
0 6 300 0 0025 0 87 38 7 12 8 8
0 78 300 0 0024 94 0 56 2 10 9 9
0 79 300 0 0026 0 97 58 11 10 10
0 81 300 0 0025 0 97 59 6 12 11 11
0 73 400 0 002 0 98 96 7 13 12 12
0 73 400 0 0023 1 04 101 2 14 13 13
0 73 400 0 0024 1 06 104 7 20 14 14
0 63 250 0 0025 81 0 26 4 16 15 15
0 68 250 0 0026 0 84 30 17 16 16
0 71 250 0 0026 0 86 31 9 18 17 17
0 64 300 0 0022 0 84 40 3 19 18 18
0 68 300 0 0023 0 88 44 6 20 19 19
0 69 500 0 0024 1 16 165 9 21 20 20
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xOwDU |O=yOtLt w Q=Wi= |O=yOtLt

u=} QH p}rLD |=Q@ xOW KqY= Rt=}r} w � u} R}y pwtQi w nv}v=t |Q@ R
|}=Q=m "CU= xOW |UQQ@ =y?=wH |wQ Q@ u; Q}F-=D w xO=iDU= QB xt}v
xO=O u=Wv xvwtv |xr�Ut wO w |r}rLD p=Ft l} pL R= xO=iDU= =@ pOt
|O=yvW}B VwQ |QDQ@ |xOvyO u=Wv xOt; CUO x@ G}=Dv "CU= xOW

"CU= ẁ[wt C=}@O= QO OwHwt |=yVwQ Q}=U =@ xU}=kt QO

=yxrwr Q]k |x@U=Lt u=mt= =yxrwr ?}W uDW=O CUO QO =@ pOt
|=y?=wH uOQm OQo Ov}=Qi R=?}DQDu}= x@ w xOW sy=Qi xDUUo CQwYx@
|}=yv ?=wH uOW QwO Ea=@ xm OQ=Ov=DU= Q=]k= x@ 'Q=]k= |xDUw}B
|=ypOt R= pOt u}= QO "CU= xOW ?=vDH= OwW|t xv}y@ ?=wH R=
?} Q[ C=Q}}eD |x@U=Lt |=Q@ |O}OH u=}@ =@ nv}v=t |m}rwQO}y

CWwv=B
1. dynamic programming
2. linear programming
3. non-linear programming
4. heuristic methods
5. curse of dimensionality
6. discrete di�erential dynamic programming
7. integer linear programming
8. modi�ed hazen-williamz
9. progressive diameter constraint
10. Davidon-Fletcher-Powell
11. Broyden-Fletcher-Goldfarb-Shanno
12. Conjugate Gradients Method
13. box constraints
14. normalization `@=vt
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