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Iv25uIr5

5fg3 -,-wx -xw3wED3 , Yg3kxwDw YFE,Cgk UBk,DgBE CBYwU

gE 7fgkf EB CBxw Df,E BEw kf,E0w g3 ,UUB7wY gE Dfw ,33g0E/

CwED B6 w8wxF kj3DBCwx ,EY Dfw 3D,Dj3 B6 w8wxF -BDwEDg,U

7,xwfBj3w 3gDwy nD g3 3fB7E fB7 Dfg3 -xBRUwC k,E Rw xwYjkwY

DB , 3D,Dgk -xBRUwC 7gDf CjUDg-UwckfBgkw ,EY 3gYw kBE3Dx,gED3y

IE ,U0BxgDfC 6Bx Dfw YFE,Cgk -xBRUwC g3 DfwE Ywxg8wY ,EY ,E

,--Ugk,DgBE DB , -U,EEgE0 -xBRUwC gE DwUw-fBEw EwD7BxN w8BUj/

DgBE g3 Yw3kxgRwYS ,UBE0 7gDf wODwE3g8w kBC-jD,DgBE,U xw3jUD3y

5
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5fg3 xw3w,xkf 7,3 3j--BxDwY RF uwkfwxkfw3 vwUUcTBxDfwxE

VPwxYjES ayLyS r,E,Y,9y 5fw ,jDfBx3 Df,EN Iy P,gUU,EkBjxDa
,EY 2y b,RwUgwS B6 uvTS 6Bx Dfwgx kBUU,RBx,DgBEy a,xDgkjU,x

Df,EN3 0B DB 4ycay rBCRBD VEB7 ,D 2n5IS TwjgUUFS ox,Ekw9 7fB

3j00w3DwY Dfg3 3DjYF ,EY -xB8gYwY ,33g3D,Ekw YjxgE0 gD3 Yw8wUB-/

CwEDy



.

nT5ue(sr5neT

ax,kDgk,U UBk,DgBE -xBRUwC3 B6DwE -xw3wED , YFE,Cgk ,3-wkDd EBD BEUF

YB 7w EwwY DB UBk,Dw Ew7 6,kgUgDgw3S RjD 7w ,U3B xw:jgxw Dfw wO,kD

3kfwYjUgE0 B6 Dfw3w w8wED3 g­ BxYwx DB 0j,x,EDww , 3wx8gkw Uw8wU gE 

Dfw CB3D kB3Dcw66wkDg8w 7,Fy AB3D wOg3DgE0 ,E,UFDgk,U ,--xB,kfw3 DB 

UBk,DgBE -xBRUwC3 V3ww wy0y q.;z S qp;z S qpéz9 f,8w Yw,UD 7gDf 3D,Dgk

-xBRUwC3y I kBCCBE 7,F DB f,EYUw YFE,Cgk UBk,DgBE -xBRUwC3 7,3 DfwE

, D7Bc3Dw- ,--xB,kfd gE , 6gx3D 3Dw-S Dfw3w 3D,Dgk UBk,DgBE CBYwU3

7wxw j3wY DB Ywxg8w , Yw3gx,RUw 6,kgUgDF kBE6g0jx,DgBES 7fgkf 7,3

DfwE j3wY ,3 , D,x0wD gE , 3wkBEY 3Dw-y LjgDw B6DwE gD g3 Uw6D DB

C,E,0wx3 Yw,UgE0 7gDf , kf,E0gE0 wE8gxBECwED DB k,xxF BjD Dfg3 3wkBEY

3Dw-S j3gE0 Dfw Yw3gx,RUw kBE6g0jx,DgBE ,3 , 3wD B6 0jgYwUgEw3 6Bx

Dfwgx Ywkg3gBE3y )fwE 3jkf -,x,CwDwx3 ,3 YwC,EY3 Bx kB3D3 8,xF

3g0Eg6gk,EDUF 7gDf DgCwS gD f,--wE3 Df,D Dfw DgCgE0 B6 Dfw3w Ywkg/

3gBE3 k,EEBD Rw B8wxUBBNwY ,EY Dfw D,x0wD kBE6g0jx,DgBE ,--xB,kf C,F

EB UBE0wx Rw ,--UgwYy

eEw CwDfBY ,DDwC-DgE0 DB D,Nw DgCw gEDB ,kkBjED kBE3g3D3 gE kBE3gYw/

xgE0 %3E,-3fBD3% B6 Dfw -xBRUwC ,D 8,xgBj3 -wxgBY3 ,EY DfwE gEYw-wEc

DUF YwDwxCgEgE0 ,E B-DgCjC 6,kgUgDF kBE6g0jx,DgBE gE w,kf k,3wy 5fg3

,--xB,kf g3 7wUU >j3Dg6gwY 7fwE Dfw kB3D3 6Bx B-wEgE0 ,EYWBx kUB3gE0

6,kgUgDgw3 ,xw 3C,UU 7gDf xw3-wkD DB B-wx,DgBE kB3D3S 6Bx gE3D,Ekw



p

7fwE Dfw3w 6,kgUgDgw3 ,xw xwEDwYy eDfwx7g3wS Dfw Yw-wEYwEkw

RwD7wwE Dfw3w Ywkg3gBE3 B8wx Yg66wxwED DgCw -wxgBY3 Cj3D Rw

kBE3gYwxwYy 2w8wx,U CBYwU3 ,EY wO,kD ,EY fwjxg3Dgk 3BUjDgBE

CwDfBY3 f,8w RwwE -xB-B3wY 6Bx Dfw3w YFE,Cgk UBk,DgBE -xBRUwC3y

nE q ..z S 1xUwENBDDwx Yg3kj33w3 , 0wEwx,U CBYwU gE Dfg3 kU,33y

Dfw r,-,kgDF 1O-,E3gBE axBRUwCS 7fgkf g3 -,xDgkjU,xUF xwUw8,ED

DB Dfw -U,EEgE0 B6 -xBYjkDgBE 6,kgUgDgw3S ,EY fw -xB8gYw3 ,

kBC-xwfwE3g8w RgRUgB0x,-fFy

5fw CBYwU kBE3gYwxwY fwxw g3 Rw3D Yw3kxgRwY gE Dfw kBEDwOD B6

YFE,Cgk 7,xwfBj3w UBk,DgBE q pizS q Q[z S q pQz S q Qéz y nD g3

, YwDwxCgEg3DgkS 3gE0UwckBCCBYgDFS Yg3kxwDw CBYwU 7gDf 6gEgDw

fBxgHBES Yg3kxwDwcDgCw -wxgBY3 ,EY 3gE0Uwc3BjxkgE0 kBE3Dx,gED3

6Bx kj3DBCwx3y nD3 C,gE kf,x,kDwxg3Dgk g3 Dfw 6BUUB7gE0 xw3Dxgk/

DgBES 7fgkf C,F ,xg3w 6xBC -BUgkF Bx wkBEBCgk kBE3gYwx,DgBE3d

7gDfgE Dfw kBE3gYwxwY fBxgHBES EB CBxw Df,E BEw kf,E0w g3

,UUB7wY gE Dfw ,33g0ECwED B6 w8wxF kj3DBCwx ,EY Dfw 3D,Dj3 B6

w8wxF V-BDwEDg,U9 7,xwfBj3w 3gDwy IE gC-BxD,ED -x,kDgk,U ,--Ug/

k,DgBE B6 Dfg3 xw3DxgkDwY YFE,Cgk UBk,DgBE CBYwU g3 , -U,EEgE0

-xBRUwC 6Bx Dfw w8BUjDgBE B6 , DwUw-fBEw EwD7BxNS 7fgkf ,xg3w3

6xBC Dfw gEDxBYjkDgBE B6 , Ew7 37gDkfgE0 DwkfEBUB0Fy

5fg3 -,-wx g3 Bx0,EgHwY ,3 6BUUB73y nE 3wkDgBE . 7w gEDxBYjkw

, 3D,Dgk UBk,DgBE -xBRUwC 7fgkf 3Ug0fDUF 0wEwx,UgHw3 Dfw kU,33g/

k,U 2gC-Uw aU,ED VBx sEk,-,kgD,DwY ),xwfBj3w9 bBk,DgBE axBRUwC



Q

RF ,UUB7gE0 6Bx CjUDg-UwckfBgkw ,EY 3gYw kBE3Dx,gED3y nE

3wkDgBE p 7w Yw3kxgRw , YFE,Cgk UBk,DgBE -xBRUwC ,EY 3fB7

fB7 Dfg3 YFE,Cgk -xBRUwC k,E Rw xwYjkwY DB , 3D,Dgk -xBRUwC B6

Dfw -xw8gBj3 DF-wy 5fw DwUw-fBEw -U,EEgE0 -xBRUwC g3 Yw3kxgRwY

gE 3wkDgBE Q ,EY , -xB0x,C (MaIbA 7fgkf 7w Yw8wUB--wY 6Bx Dfg3

DwUw-fBEw ,--Ugk,DgBE j3gE0 Dfw xw3jUD3 B6 Dfw -xw8gBj3 Yw8wUB-/

CwED3 g3 BjDUgEwY gE 3wkDgBE ;y nE 3wkDgBE é 7w Yw3kxgRw 3BCw

kBC-jD,DgBE,U wO-wxgwEkw3 7gDf (MaIbA ,EY kBC-,xw Dfg3 ,--xB,kf

7gDf BDfwx CwDfBY3 j3wY 6Bx -U,EEgE0 DwUw-fBEw EwD7BxN w8BUjDgBEy
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rBE3gYwx Dfw 6BUUB7gE0 6BxCjU,DgBE q . z S q .[z S q p;z B6 Dfw

kU,33gk,U 2gC-Uw aU,ED bBk,DgBE axBRUwC V2aba9d

CgEgCgHw p p
> g

rg>]g> K l 6gFg V.c.9

p ] S
g ­

,UU > V.cp9J .3yDy

,UU gS> V.cQ9]g> Fg

g
,UU gS> V.c;9]G

F­J [ Bx . V.cé9,UU g

7fwxw J . g6 gD g3 YwkgYwY DB B-wE , 7,xwfBj3wS ,D kB3D 6­S 

gE UBk,DgBE g

g3 Dfw 6x,kDgBE B6 Dfw DBD,U YwC,EY B6 kj3DBCwx > 7fgkf,EY ]g>

g3 3wx8gkwY ,D jEgD kB3D k RF , 7,xwfBj3w UBk,DwYè
gE gy



é

5fw kBE3Dx,gED3 V.cQ9S 7fgkf ,xw k,UUwY v,UgE3Ng'3 kBE3Dx,gED3S

-xw8wED , kj3DBCwx > 6xBC RwgE0 3wx8gkwY RF , 7,xwfBj3w 7fgkf

f,3 EBD RwwE kBE3DxjkDwY V3ww q.[zS qp;z 6Bx , Yg3kj33gBE B6

BDfwx -B33gRUw 6BxCjU,DgBE3 B6 Dfg3 xw3DxgkDgBE9y PwxF w66g/

kgwED 3BUjDgBE CwDfBY3 wOg3D 6Bx Dfw 2aba qppz S qQQz S q.[z S qp;z t

qpmz y

)w 7gUU kBE3gYwx 3w8wx,U 3D,Dgk 0wEwx,UgH,DgBE3 B6 Dfg3 CBYwU

7fgkf 7gUU wE,RUw j3 DB Yw,U 7gDf YFE,Cgk 8wx3gBE3 B6 Dfw UBk,/

DgBE -xBRUwCy 5fw 6gx3D 3jkf 0wEwx,UgH,DgBE ,xg3w3 7fwE 3BCw B6

Dfw kBw66gkgwED3 gE V.c.9 ,xw ,UUB7wY DB D,Nw BE Ew0,Dg8w 8,Ujw3y

oBx gE3D,Ekw kBE3gYwx , -xB6gD C,OgCgH,DgBE 8wx3gBE B6 Dfw

2aba q QZz d g6 Dfw YwC,EY B6 kj3DBCwx >S 7fwE 3wx8gkwY RF ,

7,xwfBj3w ,D UBk,DgBE gS g3 Y­ ,EY gD g3 3,Dg36gwY ,D -xgkw 

DfwE Dfw EwD -xB6gD ,33Bkg,DwY 7gDf Ywkg3gBE OEg> ’ J . g3g>

Eg>Yg> kg>’ ,EY Dfw BR>wkDg8w V.c.9 g3 xw-U,kwY RFdag>

p p — p 6 FgFg V.c.’9C,OgCgHw
> g g

)fwE 7w xwYjkw gD DB , CgEgCgH,DgBE -xBRUwC VRF CjUDg-UFgE0

V.c.'9 RF CgEj3 BEw9S 7w BRD,gE , -xBRUwC B6 DF-w VUcU9cVUcé9

7gDf Ew0,Dg8w kBw66gkgwED3 gE Dfw BR>wkDg8w 6jEkDgBEy 2jkf

-xBRUwC3 k,E Rw f,EYUwY RF ,EF CwDfBY Yw3g0EwY DB 3BU8w 2aba'3

7gDf EBEEw0,Dg8w kB3D3 RF Dfw 3gC-Uw ,YYgDgBE B6 , kBE3D,ED



Z

VD,NgE0 k'­ J c CgE g3 3j66gkgwED9 DB ,UU kB3D3 kBxxw3/

-BEYgE0 DB kj3DBCwx >; Dfg3 Dx,E3U,DgBE g3 >j3Dg6gwY RF kBE3Dx,gED

V.cp9y 5fw ,U0BxgDfC3 k,E ,U3B Rw w,3gUF ,Y,-DwY DB f,EYUw Ew0,/

Dg8w 6gOwY kB3D3 6­ Vxw3jUDgE0S 6Bx gE3D,EkwS 6xBC BDfwx ,kDg8g/

Dgw3 Bx 6xBC Dfw gC-,kD B6 C,xNwDgE09 RF 3gC-UF BR3wx8gE0 Df,DS 

gE ,EF B-DgC,U 3BUjDgBES Dfw kBxxw3-BEYgE0 F­'3 7gUU ,UU Rw 

w:j,U DB jEgDFy

IEBDfwx wODwE3gBE B6 Dfw 2abaS xgkf gE CBYwUUgE0 k,-,RgUgDgw3S g3

DB ,UUB7 6Bx CjUDg-Uw B-DgBE3S ,3 7wUU 6Bx Dfw 7,xwfBj3w3 ,3 6Bx

Dfw %3wx8gkw% -xB8gYwY DB kj3DBCwx3y I33jCw Df,DS ,D UBk,DgBE gS

7w f,8w Dfw kfBgkw B6 3w8wx,U DF-w3 B6 7,xwfBj3w3S 7gDf 6gOwY 

kB3D3 6­ S 6Bx N J .S St­; gE ,YYgDgBES 7w C,F ,U3B 3wUwkD ,CBE0 

3w8wx,U Uw8wU3 B6 3wx8gkw 6Bx kj3DBCwx >S 7gDf 3wx8gkw kB3D3 

­yS 6Bx f J .

• • •

5fw xw3jUDgE0 -xBRUwC g3•’Vkg> 9 • •

Inr unr 1 r f (n sn
4 4 g N

e e T 
g f

V.cU,9CgEgCgHw
OSF >

fe e 
g f

J . ,UU > VUcp,93y Dy ]g>

f NOy y < £g> ,UU gS>Sf VUcQ,9

f ,UU gS>Sf VUc;,9]g>
N J [ Bx . ,UU gS N VUcé,9Fg

£ FN<U 
N

VUcZ,9,UU g



m

5fw U,3D kBE3Dx,gED VUcZ,9 xjUw3 BjD CBxw Df,E BEw 7,xwfBj3w

gE UBk,DgBE gy eR8gBj3UFS 7gDfBjD ,YYgDgBE,U kBE3Dx,gED3y

-xBRUwC VUcU,9cVUcZ,9 xwYjkw3 DB VUcU9cVUcé9 RF CwxwUF 3wUwk/

DgE0S 6Bx w8wxF 8,xg,RUwS Dfw kfw,-w3D B-DgBEy

2gYw kBE3Dx,gED3 B6 Dfw 6BUUB7gE0 UgEw,x DF-w

IO K vF R V.cm9

7fwxw IS v ,xw C,Dxgkw3 ,EY R , 8wkDBx B6 kBE6BxC,RUw YgCwE3gBE3y

,xw j3w6jU DB CBYwU 8wxF 0wEwx,U ,YYgDgBE,U xw3DxgkDgBE3 7fgkf

,UCB3D gE8,xg,RUF ,xg3w gE -x,kDgkw; 6Bx gE3D,Ekw , RjY0wD kBE3/

Dx,gEDS kBE6g0jx,DgBE kBE3Dx,gED3 gC-B3gE0 RBjEY3 BE Dfw EjCRwx

B6 7,xwfBj3ww3 gE , xw0gBE q 8 z S ,EY 3B BES 3ww q .éz S q .8z 6Bx ,

CBxw YwD,gUwY Yg3kj33gBE; DfwF ,xw ,U3B j3w6jU 6Bx 0wEwx,DgE0

w66gkgwED 3BUjDgBE3 gE CjUDgkxgDwxg, UBk,DgBE -xBRUwC3 6Bx -jRUgk

6,kgUgDgw3 q Qpz y AB3D EBD,RUw ,xw k,-,kgDF kBE3Dx,gED3S 7fgkf

Yw6gEw Dfw r,-,kgD,DwY ),xwfBj3w bBk,DgBE axBRUwC q m zy 5fw

Yg66wxwED DF-w3 B6 7,xwfBj3w3 N CwEDgBEwY ,RB8w ,xw j3j,UUF 

kf,x,kDwxgHwY RF Yg66wxwED k,-,kgDgw3 ; 7fwE BEUF Dfwgx 6gOwY 

kB3D3 Yg66wxS DfwF k,E Rw CBYwUUwY ,3 CjUDg-UwckfBgkw B-DgBE3

,3 gE VUcU,9cVUcZ,9; 7fwE gE ,YYgDgBE Dfwgx 8,xg,RUw kB3D VDx,E3/

-BxD,DgBE 6xBC 3j--UF -BgEDS gE8wEDBxF kB3D3Syyy9S 7fgkf g3 j3j,Uc

8,xgw3S Dfw 3D,EY,xYUF gEkBx-Bx,DwY 7gDf Dfw 3wx8gkw kB3D kg>
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CBYwUUgE0 -x,kDgkw q .éz g3 DB Yw6gEw ,YYgDgBE,U 6gkDg/

DgBj3 UBk,DgBE3 V,EY ,U3BS gE 3BCw k,3w3S ,YY , kBE6g0jx,DgBE

kBE3Dx,gED9y 2gCgU,xUFS Dfw Uw8wU3 B6 3wx8gkw f ,--w,xgE0 gE

VUcU,9cVUcZ,9 ,xw B6DwE kf,x,kDwxgHwY RF Yg66wxwED 3wx8gkw kB3D3

k­.y ,EY Yg66wxwED YwC,EY3 Y­. 
gU
Dx,gED3 ,xwS 6Bx UBk,DgBE gd

5fw xw3jUDgE0 k,-,kgDF kBE3cg>'

p p Yf
Q f

Of < p FN
g> g> N Eg Fg V.c89

5fw3w Uw8wU3 B6 3wx8gkw C,F Rw j3wY DB CBYwU ,YYgDgBE,U Ywkg3gBE

8,xg,RUw3S 3jkf ,3 6xw:jwEkF B6 3wx8gkw Bx xw3-BE3w DgCw q; zS 

8,xgBj3 C,xNwDgE0 3Dx,Dw0gw3 q Q;z S q p8z Bx -xgkw3 U .iz S q i z ;

Dfg3 g3 -,xDgkjU,xUF j3w6jU 7fwE %kj3DBCwx% ,kDj,UUF YwEBDw3 ,

xwD,gU 3DBxwy nE ,UU Dfw3w k,3w3S 7w ,33jCw , 6gEgDw EjCRwx B6

B-DgBE3 ,EY EB gEDwx,kDgBE RwD7wwE Dfw YwC,EY3 B6 kj3DBCwx3 VBx

xwD,gU 3DBxw39y

eEw -B33gRUw 7,F DB Yw,U 7gDf 3gYw kBE3Dx,gED3 V.cm9 V,EY V.c899

g3 DB gEDxBYjkw DfwCS 7gDf 3jgD,RUw b,0x,E0w CjUDg-Ugwx3 gE Dfw

5fw xw3jUDgE0 -xBRUwC g3 B6 DF-w V.cU,9cVUcZ,9SBR>wkDg8w 6jEkDgBEy

7gDf -B33gRUF Ew0,Dg8w kB3D3y I3 7,3 CwEDgBEEwY ,RB8wS 3jkf ,

-xBRUwC k,E Rw xwYjkwY DB , kU,33gk,U 2abay 5fw ,U0BxgDfC aIbA

Yw3kxgRwY gE q .pz gC-UwCwED3 Dfg3 ,--xB,kfS kBj-UwY 7gDf 3jR0x,/

YgwED B-DgCgH,DgBE 6Bx Dfw b,0x,E0w CjUDg-Ugwx3S ,3 BEw xwU,O,DgBE



i

7gDfgE , Rx,Ekfc,EYcRBjEY ,U0BxgDfC Yw3g0EwY DB 3BU8w -xBRUwC 

VUcU,9cVUcZ,9S V.cm9S V.c89 7gDf Dfw ,YYgDgBE,U xw3DxgkDgBE 

B6 RgE,xF

Cgk 8wx3gBE B6 Dfg3 ,U0BxgDfC ,EY gD3 ,--Ugk,DgBE DB , -x,kDgk,U 

-xBRUwC B6 Dfw w8BUjDgBE B6 , DwUw-fBEw EwD7BxN q é z S 7fgkf

'3y )w 7gUU BjDUgEw gE , U,Dwx 3wkDgBE Dfw YFE,c

CBDg8,DwY gD3 Yw8wUB-CwEDy



.[

pc I (MTIAnr berI5neT auevb1A

nE , YFE,Cgk UBk,DgBE CBYwUS 7w 3wwN DB YwDwxCgEw EBD BEUF

7fgkf 7,xwfBj3w3 DB B-wE V,EY B6 7f,D DF-w9 ,EY fB7 DB ,33g0E

DB DfwC Dfw kj3DBCwx3 YwC,EY3 V,EY 7f,D 7gUU Rw Dfw Uw8wU3 B6

3wx8gkw9S RjD ,U3B ,D 7f,D DgCw DB C,Nw Dfw3w kf,E0w3 gE BxYwx

DB ,33jxw C,OgCjC Yg3kBjEDwY -xB6gD Bx CgEgCjC kB3Dy nE Dfw

CBYwU kBE3gYwxwY fwxw 7w 6gx3D 3wUwkD , 6gEgDw fBxgHBE ,EY Yg3/

kxwDw DgCw -wxgBY3 V gE kBEDx,3D 7gDf 3w8wx,U CBYwU3 kBE3gYwxwY

gE q ..z 9 y )w ,33jCw EBEYwkxw,3gE0 YwC,EY3 6Bx w8wxF kj3DBCwx 

,EY 7w YB EBD kBE3gYwx Dfw -B33gRgUgDF q piz B6 kUB3gE0 7,xw/

fBj3w3y ABxw xw3DxgkDg8w g3 Bjx 6BUUB7gE0 ,33jC-DgBEd ,D

gEgDg,U DgCw D J [S w8wxF kj3DBCwx g3 3wx8gkwY RF ,E wOg3DgE0 

6,kgUgDF V7fgkf C,F Rw ,E wOg3DgE0 7,xwfBj3wS Bx , YgxwkD 3j-/

-UF -BgED9 ,EY 7w ,UUB7 ,D CB3D BEw kf,E0w gE ,33g0ECwED B6 Yw/

C,EY B6 kj3DBCwx > 7gDfgE Dfw kBE3gYwx fBxgHBEy 5fg3 C,F Rw

>j3Dg6gwY RF -xBfgRgDg8w kf,E0w kB3D3S Bx RF ,YCgEg3Dx,Dg8w Bx

C,xNwDgE0 xw3DxgkDgBE3; Dfg3 g3 ,U3B >j3Dg6gwY 7fwE Dfw Ywkg/

3gBE3 ,xw BEUF kBE3gYwxwY 6Bx Dfw EwOD 6w7 Fw,x3 7gDfgE 7fgkf

Dfw YwC,EY 6Bxwk,3D3 ,xw xwUg,RUw wEBj0fS ,EY Dfw CBYwU g3

-wxgBYgk,UUF j3wY 7gDf j-Y,DwY gE6BxC,DgBEy



..

)w gEDxBYjkw Dfw 6BUUB7gE0 EBD,DgBEd

UwD YwEBDw Dfw EjCRwx B6 Ywkg3gBE DgCw3S YwEBDwY 
RF DJUS pSy S 5

5

YwEBDw Dfw VkBEDgEjBj39 Yg3kBjEDgE0 x,Dwa
a J . g6 gD g3 YwkgYwY DB B-wE , Ew7 7,xwfBj3w 
gE UBk,DgBE gS ,D DgCw D

Fg

J [ BDfwx7g3wy

g3 Dfw Yg3kBjEDwY kB3D 6Bx B-wEgE0 , 7,xwfBj3w 
gE UBk,DgBE g ,D DgCw DS ,EY Nww-gE0 gD B-wE jEDgU 
fBxgHBE 5S gywy

5
0g V59w~-xYx6yVD9 J o.VD9 K f

bla

o­VD9 g3 Dfw 3wDcj- kB3D ,D DgCw DS ,EY 

0­rx9 g3 Dfw C,x0gE,U B-wx,DgE0 kB3D ,D

DgCw 5 6Bx , 7,xwfBj3w gE UBk,DgBE gy

7fwxw

a J . g6 Dfw 3wx8gkw B6 kj3DBCwx > g3 kf,E0wY ,D]s
DgCw D DB 7,xwfBj3w g

J [ BDfwx7g3w

a g3 Dfw kB3D B6 3jkf , Ywkg3gBES gywyrg>



.p

5a f a 
rg> rB> 
>J [

)th V59w“-xYxy Vx9w Yx K ry y V D 9 K rgQ

5JD
g>

k y se9 g3 Dfw C,x0gE,U kB3D B6 3wx8gkgE07fwxw
B>

> 7gDf Dfw Bxg0gE,U 6,kgUgDFS ,D

DgCw xy

Vx9 g3 Dfw C,x0gE,U kB3D B6 3wx8gkgE0rg>

> 7gDf Dfw Ew7 6,kgUgDF gE UBk,DgBE

gS ,D DgCw ^

ryyVD9 g3 Dfw kB3D B6 Dfg3 kf,E0w BkkjxgE0g>

,D DgCw Dy

5fw C,>Bx k,j3w B6 8,xg,DgBE B6 3wx8gkw kB3D3 k yVx9 ,EY (TTseag>B>

7gDf DgCw x g3 Dfw 6,kD Df,D YwC,EY 6xBC > gEkxw,3w3 7gDf DgCwy 

nE ,YYgDgBE 7w j3w , [c. Ywkg3gBE 8,xg,RUw O.% w:j,U DB BEw g66B>

7w YwkgYw EBD DB kf,E0w ,D ,UU Dfw ,33g0ECwED B6 kj3DBCwx >; 

Dfw kBxxw3-BEYgE0 kB3D g3 k*%yy
B>

5fw xw3jUDgE0 CBYwU g3d

!
P e eb 
> g DJU

AbD D kyyOyy 
g> g4

6D D 6g FgK p Vpc.9CgEgCgHw
i^O DJU

Sy5 Dp p 
g DJU

Vpcp9J . ,UU >3y Dy ]g>

.



.Q

DD T< p ,UU .*[S >S D VpcQ9]g> Fg
5J.

D J [ Bx . Vpc;9,UU gS >S D]g>

­ J [ Bx . ,UU gS D Vpcé9Fg

5
< .£ F DJU Fg VpcZ9,UU g

5fg3 -xBRUwC VpcU9cVpcZ9 g3 kUB3wUF xwU,DwY DB VU,9cVZ,9 wOkw-D

6Bx Dfw kfxBEBUB0gk,U kBE3Dx,gED3 VpcQ9 7fgkf -xBfgRgD ,33g0EgE0

, kj3DBCwx > DB , 7,xwfBj3w g 7fgkf f,3 EBD RwwE kBE3DxjkDwY ,D

)w -xB-B3w DB xwU,O Dfw3w kBE3Dx,gED3 VpcQ9 DBDgCw Dy

5 xD < n ,UU g*[S >S D VpcQc.9]G Fg
5J.

VE,CwUF Dfw BEw 6Bx Dfw fBxgHBE 59S

,EY DB ,--wEY Dfw wO,kD kBE3Dx,gED3 VpcQ9 ,3 3gYw kBE3Dx,gED3 B6

Dfw DF-w IO K vF ­ R V.cm9y nE BxYwx DB Nww- Dfw EjCRwx B6 3gYw

kBE3Dx,gED3 C,E,0w,RUwS 7w k,E j3w 3jxxB0,Dw kBE3Dx,gED3 B6 Dfw

16xBFC3BEcu,F DF-wd

D 5
F­ ,UU g*[S Dp O­ < E p

> 4
VpcQcp9

xJU

7fwxw E g3 Dfw DBD,U EjCRwx B6 kj3DBCwx3 VB6 kBjx3w 7w k,E

xw-U,kw gD 7gDf Dfw C,OgCjC EjCRwx E­ B6 kj3DBCwx3 ,33g0E,RUw



nI

DB g ,D DgCw D 7fwEw8wx 3jkf gE6BxC,DgBE g3 ,8,gU,RUw9y eDfwx

6BxC3 B6 3jxxB0,Dw kBE3Dx,gED3 ,xw -B33gRUwS wy0y

D
< EVU c F­K.95p £ 

> xJU
,UU g­S DJUy y y 5cU VpcQcQ9]g>

-xB8gYwY Df,D DfwF ,xw w:jg8,UwEDS gE [c. 8,xg,RUw3S DB Dfw

kfxBEBUB0gk,U kBE3Dx,gED3 VpcQ9y

2w8wx,U BDfwx kBCCwED3 ,RBjD Dfw 6BxCjU,DgBE VpcU9cVpcZ9 ,xw 

,--xB-xg,Dwy ogx3DS 7w EBDw Df,D Bjx Ywkg3gBE 8,xg,RUw3 F­ ,EY 

f,8w , Yg66wxwED Cw,EgE0 6xBC DfB3w j3wY RF uBBYC,E ,EY 

2kf7,xH qpizd Dfwgx 8,xg,RUw3 ,EY ]

B6 Dfw 3F3DwC ,D -wxgBY DS ,3 gE , %3E,-3fBD% ,--xB,kfS 7fgUw 
D D

Bjx 8,xg,RUw3 F­ ,EY O

xw-xw3wED Dfw 3D,Dwg>D

­ xw-xw3wED Dfw kf,E0w3 BkkjxgE0 gE -wxgBY

IU3B 7w YB EBD kBE3gYwx Dfw B--BxDjEgDF B6 kUB3gE0 ,EF 6,kgcDy

UgDFy nEYwwY gD g3 -xwkg3wUF Dfw3w 6w,Djxw3S ,EY ,U3B B6 kBjx3w

Dfw ,33jC-DgBE B6 ,D CB3D BEw kf,E0w gE ,33g0ECwED 6Bx w8wxF kj3/

DBCwxS 7fgkf ,UUB7 j3 DB 3BU8w , jEg:jw 2aba gE BEw xwU,O,DgBE

3Dw-S gE3Dw,Y B6 3BU8gE0 BEw 2aba 6Bx w8wxF DgCwc-wxgBY ,3 gE

qpiz y 5fj3 Dfw UgCgD,DgBE gE 0wEwx,UgDF B6 Bjx CBYwU gC-Ugw3

, Cjkf 0xw,Dwx w,3w gE 3BUjDgBES 7fgkf g3 6,x 6xBC Ew0Ug0gRUw

7fwE Dfg3 CBYwU ,--Ugw3y nE ,YYgDgBE Bjx CBYwU D,Nw3 gEDB

,kkBjED Dfw kB3D3 B6 kf,E0gE0 Dfw kj3DBCwx ,33g0ECwED3S 7fgkf

,xw EBD gEkUjYwY gE Dfw uBBYC,Ec2kf7,xH CBYwUy IEBDfwx xwC,xN



.é

kBEkwxE3 Dfw -B33gRgUgDF B6 gEkUjYgE0 RBDf CjUDg-Uw 3wx8gkw

Uw8wU3 ,EY CjUDg-Uw DF-w3 B6 7,xwfBj3w3 6Bx w8wxF Fw,x; Dfg3 g3

, 3Dx,g0fD6Bx7,xY wODwE3gBE B6 Dfw CBYwU 7fgkf 7,3 EBD gEkUjYwY

gE Dfw 6BxCjU,DgBE Vpc.9cVpcZ9 gE BxYwx DB ,8BgY kBC-Ugk,DwY

EBD,DgBEy nEYwwY Dfw -xB0x,C (MaIbAS xw-BxDwY BE gE Dfw EwOD

3wkDgBES gEkUjYw3 Dfw3w CjUDg-UwckfBgkw B-DgBE3y

r,-,kgDF kBE3Dx,gED3 C,F ,U3B Rw gEkUjYwY gE Dfw YFE,Cgk CBYwUy

)fwE Dfw YwC,EY3 ,xw EBEYwkxw,3gE0S BEUF BEw k,-,kgDF kBE3Dx,gED

-wx 7,xwfBj3w UBk,DgBE g3 Ewkw33,xFS E,CwUF Dfw BEw 6Bx Dfw fBxgHBE

5d

P Lb 
> T=1

5Yg> ]g> M Lb b h A F g Fg ,UU g­ Vpc89
5J.

eE Dfw BDfwx f,EY Dfw DgCwcwO-,EYwY 6BxC B6 Dfw3w k,-,kgDF

kBE3Dx,gED3S E,CwUF

e ea 
> 5J.

5Yg> F­ ,UU D ,EY g­M e Vpc8c.9
T=1

C,Nw Dfw kfxBEBUB0gk,U kBE3Dx,gED3 jEEwkw33,xF VgE [c. 8,xg,RUw39;

Dfj3S 7w C,F j3w DfwC gE3Dw,Y B6 Dfw kfxBEBUB0gk,U kBE3Dx,gED3 VpcQ9y

nE ,YYgDgBE Dfw3w DgCwcwO-,EYwY k,-,kgDF kBE3Dx,gED3 ,--UF 6Bx ,EF

w8BUjDgBE VEBD Ewkw33,xgUF EBEYwkxw,3gE09 B6 Dfw YwC,EY3y



.Z

ogE,UUF 7w EBDw Df,D Dfw 3gYw kBE3Dx,gED3 k,E Rw j3wY DB

CBYwU DgCwcYw-wEYwED xw3DxgkDgBE3 7fgkf ,--w,x gE YFE,Cgk

CBYwU3S 3jkf ,3 , UgCgDwY RjY0wD Bx , UgCgDwY 3j--UF B6 Ew7

w:jg-CwED 6Bx w8wxF Fw,xy nE ,EF k,3wS 7w f,8w xwYjkwY Dfw

YFE,Cgk UBk,DgBE -xBRUwC DB , 3D,Dgk -xBRUwC 7gDf CjUDg-Uwc

kfBgkw ,EY 3gYw kBE3Dx,gED3y
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Qc IaabnrI5neT 5e I auevb1A eo ea5nAIb 1Pebs5neT eo I 51b1/

aleT1 T15)eut

5fw CBYwU Yw3kxgRwY gE Dfw -xw8gBj3 3wkDgBE3 f,3 RwwE ,--UgwY

gE , 3DjYF B6 Dfw w8BUjDgBE B6 , DwUw-fBEw EwD7BxNS RxBj0fD

,RBjD Dfw gEDxBYjkDgBE B6 , Ew7 37gDkfgE0 DwkfEBUB0Fy 5fw

wOg3DgE0 ,E,UB0 37gDkfw3S 7fgkf ,xw R,3gk,UUF wUwkDxBcCwkf,Egk,U

Yw8gkw3 7gDf , UgCgDwY k,-,kgDFS ,xw RwgE0 xw-U,kwY RF Yg0gD,U

37gDkfw3 7fgkf B66wxS ,CBE0 BDfwx ,Y8,ED,0w3S Cjkf U,x0wx k,-,kgDF

,EY Dfw -B33gRgUgDF DB j3w xwCBDw kBEkwEDx,DBx3y 5fj3 3w8wx,U

wOg3DgE0 ,E,UB0 37gDkfw3 kBjUY Rw xw-U,kwY RF , 3gE0Uw Yg0gD,U

37gDkf ,EY 3w8wx,U kBEkwEDx,DBx3 kBEEwkDwY DB gDy hg8wE 6Bxwk,3D3

6Bx Dfw 6jDjxw YwC,EY3 gE w8wxF UBk,DgBES Dfw -xBRUwC g3 DB YwDwx/

CgEw 7fgkf 6,kgUgDgw3 DB -U,kwS gE 7fgkf UBk,DgBE3 ,EY ,D 7f,D

DgCwS gE BxYwx DB 3,Dg36F Dfg3 YwC,EY gE , CB3D kB3Dcw66wkDg8w

5fg3 -U,EEgE0 -xBRUwC gE8BU8w3 gE8w3DCwED3 B6 CgUUgBE3C,EEw xy

B6 YBUU,x3 gE Dfw Ew,x 6jDjxwy

)w BjDUgEw Dfw C,>Bx ,3-wkD3 B6 Dfg3 -U,EEgE0 -xBRUwC gE kBEEwk/

DgBE 7gDf Dfw YFE,Cgk UBk,DgBE -xBRUwC Yw3kxgRwY gE 3wkDgBE py 

I CBxw YwD,gUUwY Yw3kxg-DgBE k,E Rw 6BjEY gE qé z ,EY q.pzy

5fw 3wD B6 %kj3DBCwx3% g3 fwxw Dfw 3wD B6 wOg3DgE0 37gDkf UBk,/

DgBE3S 7gDf Dfw ,33Bkg,DwY YwC,EY3S gE EjCRwx B6 UgEw3 -wx Fw,xy

5fw 3wD B6 -BDwEDg,U UBk,DgBE3 g3 gYwEDgk,US 3gEkw ,EF



.8

wOg3DgE0 ,E,UB0 37gDkf kBjUY Rw xw-U,kwY RF wgDfwx , Yg0gD,U 

37gDkf Bx , kBEkwEDx,DBx ,EY Dfw gEkxw,3wY k,-,kgDF B6 Dfw Ew7 

w:jg-CwED C,Nw3 gD jEEwkw33,xF DB gE8w3D gE Ew7 RjgUYgE03y nE

, 0g8wE UBk,DgBES Dfw B-DgBE3 ,xwd

Vg9 DB gE3D,UU , Yg0gD,U 37gDkfS kBxxw3-BEYgE0

DB , 7,xwfBj3w gE Dfw -xw8gBj3 CBYwU; Dfwxw ,xw

3w8wx,U DF-w3 B6 Yg0gD,U 37gDkfw3S 7gDf Yg66wxwED

kB3D3 ,EY k,-,kgDgw3S ,EY Dfwxw g3 ,U3B Dfw B-DgBE

B6 B8wxU,FS 7fgkf g3 Yw3kxgRwY U,Dwxy

Vè9 DB gE3D,UU , kBEkwEDx,DBx 7fgkf Cj3D Rw kBEEwkDwY DB

, Yg0gD,U 37gDkf gE , Yg66wxwED UBk,DgBE; Dfg3 kBx/

xw3-BEY3 DB 3wx8gkgE0 Dfg3 %kj3DBCwx% RF , 7,xw/

fBj3w gE , Yg66wxwED UBk,DgBE; Dfwxw ,xw ,U3B Yg66w/

xwED DF-w3 B6 kBEkwEDx,DBx3 7fgkf C,F Bx C,F EBD Rw

kBEEwkDwY DB Dfw Yg66wxwED DF-w3 B6 Yg0gD,U 37gDkfw3;

,0,gE Dfwxw g3 Dfw B8wxU,F B-DgBE; Dfw -wxcUgEw kB3D

6Bx Dfw xwCBDw B-DgBE Yw-wEY3 BE Dfw Yg3D,Ekw RwD7wwE

Dfg3 UBk,DgBE ,EY Dfw Yg0gD,U 37gDkf BE 7fgkf gD g3

fBCwYy

Vggg9 DB Nww- ,E ,E,UB0 37gDkf; Dfg3 B-DgBE kBxxw3-BEY3

DB YgxwkD Dx,E3-BxD,DgBE 6xBC Dfw -U,ED DB Dfw kj3/

DBCwx gE Dfw -fF3gk,U Yg3DxgRjDgBE kBEDwODS ,EY k,E

Rw CBYwUUwY RF j3gE0 ,E ,YYgDgBE,U %YjCCF% UBk,DgBEy



.i

5fw B-DgBE B6 B8wxU,F kBE3g3D3 gE Nww-gE0S ,D , 0g8wE Ywkg3gBE

DgCw D VEBD Ewkw33,xgUF DJ[9S Dfw wOg3DgE0 ,E,UB0 UgEw3 7gDf

Dfw kBxxw3-BEYgE0 37gDkfgE0 w:jg-CwEDS ,EY DB gE3D,UU Ew7 w:jg-/

CwEDS kBEkwEDx,DBx Bx Yg0gD,U 37gDkfS 7fgkf 7gUU Rw j3wY DB CwwD

Dfw 6jDjxw YwC,EYy 5fg3 B-DgBE k,E Rw wkBEBCgk,UUF ,DDx,kDg8wy

,EY gD YBjRUw3 Dfw EjCRwx B6 DF-w3 gE k,3w3 Vg9 ,EY Vgg9y

1kBEBCgk kBE3gYwx,DgBE3 ,EY ,U3B ,YCgEg3Dx,Dg8w -BUgkgw3 xjUw

BjD Dfw -B33gRgUgDF B6 -wx6BxCgE0 3w8wx,U kf,E0w3 ,D ,EF 0g8wE

UBk,DgBEy 5fj3 Dfw wOg3DgE0 ,E,UB0 w:jg-CwED 7gUU Rw Nw-D ,EY

-xB8g3gBEwY jEDgU wgDfwx B8wxU,F Bx xw-U,kwCwED g3 -wx6BxCwY

Vg6 ,EF9 ,EY EB 6jxDfwx CBYg6gk,DgBE 7gUU Rw kBE3gYwxwYy 2B

Dfw ,33jC-DgBE3 B6 3wkDgBE p ,xw 8wxg6gwYy

nE , -xw8gBj3 7BxN q é z gD f,3 RwwE BR3wx8wY Df,D Dfw 8,xgBj3

kB3D3 ,xw 3DxgkDUF kBEk,8w 6jEkDgBE3 B6 DgCwy I3 , kBE3w:jwEkwS

gD k,E Rw 3fB7E Df,D gE ,E B-DgCjC 3BUjDgBES ,UU kf,E0w3 Cj3D

Rw C,Yw wgDfwx gCCwYg,DUF Vgywy ,D DgCw DJ[9 Bx ,D Dfw wEY B6

Dfw -wxgBY B6 3DjYFS Df,D g3 Dfw fBxgHBEy nE Df,D k,3w Dfw

-xBRUwC xwYjkw3 DB , 3gC-Uw 3D,Dgk 2aba q é z y lB7w8wx Dfwxw

,xw kBEYgDgBE3 jEYwx 7fgkf Dfg3 xwYjkDgBE g3 EBD 8,UgYy ogx3D

Dfw -xw8gBj3 xw3jUD ,33jCw3 gE6gEgDw k,-,kgDgw3; 7fgUw Dfg3 g3



p[

3BCwDgCw3 , 3,6w -x,kDgk,U ,33jC-DgBES Dfg3 g3 EB UBE0wx Dxjw

6Bx U,x0w kgDgw3 Bx 6Bx ,xw,3 7gDf , YwC,EY gEkxw,3gE0 ,D , 6,3D

2wkBEYS gD f,3 ,U3B RwwE BR3wx8wY q pZz Df,D kB3D 6jEkDgBE3x,Dwy

C,F EBD Rw kBEk,8w ,D ,UUy ogE,UUF Dfwxw ,xw ,U3B DgCwcYw-wEYwED

kBE3Dx,gED3 3jkf ,3 , UgCgD BE RjY0wD -wx Fw,xS ,EY ,U3B UgCgDwY

3j--Ugw3 B6 Ew7 w:jg-CwEDy oBx ,UU Dfw3w xw,3BE3 , 3gC-Uw 2aba

CBYwU g3 EB UBE0wx 3j66gkgwEDy



p.

;c es5bnT1 eo 5l1 auehuIA (MaIbA

)w f,8w Yw8wUB--wY , -xB0x,C E,CwY (MaIbA 7fgkf 3BU8w3 ,E

wODwEYwY 8wx3gBE B6 Dfw YFE,Cgk -xBRUwC VpcU9cVpcZ9 7gDfd

Vg9 CjUDg-UwckfBgkw B-DgBE3

Vgg9 k,-,kgDF kBE3Dx,gED3 B6 Dfw DF-w Vpc89

Vggg9 0wEwx,U 3gYw kBE3Dx,gED3 wO-xw33wY ,3 UgEw,x

gEw:j,DgBE3 B6 DF-w V.cm9y

(MaIbA g3 ,E wODwE3gBE B6 , -xB0x,C aIbA 7fgkf 3BU8w3 Dfw 3D,Dgk

-xBRUwC V.cU,9cVUcZ,9 7gDf Dfw ,RB8w ,YYgDgBE,U kBE3Dx,gED3 Vgg9

,EY Vggg9y )w Rxgw6UF BjDUgEw RwUB7 Dfw R,3gk 3DxjkDjxw B6 aIbA

,EY DfwE kBCCwED BE gD3 CBYg6gk,DgBE 6Bx CBxw w66gkgwEDUF 3BU8gE0

Dfw YFE,Cgk -xBRUwCy

5fw -xB0x,C aIbA g3 R,3gk,UUF , Rx,Ekfc,EYcRBjEY ,U0BxgDfC ,EY ,

YwD,gUwY Yw3kxg-DgBE k,E Rw 6BjEY gE q .pz y
.kg3 , CjUDg-Uw Rx,EkfgE0 BE Dfw 8,xg,RUw3 F­ R,3wY BE Dfw kBE3Dx,gED 

VUcZ,9y

g3 , CjUDg-UwckfBgkw 2aba B6 DF-w VUcU,9cVUcZ,9; gD g3 BRD,gEwY

5fw Rx,EkfgE0 3kfwCw

5fw RBjEYgE0 3kfwCw g3 D7B6BUYy 5fw 6gx3D xwU,O,DgBE j3wY

6xBC b,0x,E0g,E xwU,O,DgBE B6 Dfw k,-,kgDF ,EY 3gYw kBE3Dx,gED3y

5fw xw3jUDgE0 2aba g3 3BU8wY RF 1xUwENBDDwx.3 CwDfBY q .[z 7gDfBjD

xw3BxDgE0 DB Rx,Ekfc,EYcRBjEY jEUw33 Dfw -xgC,UcYj,U 0,- g3 U,x0wx

Df,E , 0g8wE 8,Ujwy 5fw b,0x,E0w CjUDg-Ugwx3 ,xw j-Y,DwY j3gE0
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subgradient optimization [ 20] , [ 21] , [ 2 ] . )w f,8w BR3wx8wY

Df,D Dfg3 xwU,O,DgBE g3 B6DwE 3j66gkgwED 6Bx 3BU8gE0 3D,Dgk

-xBRUwC3 7fwE Dfw k,-,kgDgw3 ,xw EBD DBB Dg0fDy )fwE gD

,--w,x3 Df,D Dfg3 6gx3D xwU,O,DgBE g3 EBD 3j66gkgwEDS Dfw

-xB0x,C j3w3 , 3wkBEY xwU,O,DgBES 3gCgU,x DB BEw j3wY RF uB33

,EY 2BU,EY q Q.z 6Bx Dfw hwEwx,UgHwY I33g0ECwED axBRUwC ,EY RF 

hwB66xgBE ,EY AkvxgYw q .8z 6Bx Dfw r,-,kgD,DwY aU,ED bBk,DgBE

axBRUwC 7gDfBjD 3gE0Uwc3BjxkgE0 kBE3Dx,gED3d kBE3Dx,gED3

VUcQ,9 ,EY 3gYw kBE3Dx,gED3 ,xw xwU,OwYS j3gE0 ,0,gE b,0x,E/

0w CjUDg-Ugwx3 Ywxg8wY 6xBC Dfw 6gx3D xwU,O,DgBES ,EY Dfw

xw3jUDgE0 -xBRUwC k,E Rw YwkBC-B3wY gE 3w8wx,U Yg3>BgED

multiple-choice knapsack problems with a

choice constraint (l-6a) on the right-hand side.

When the branching process has assigned 0-1 values to all 

y'f variables. the remaining problem is a Generalized Assign­

ment Problem with multiple-choice and side constraints. It

is solved again by branch-and-bound, using multiple branching 

on the x..'s based on (2-2), a multiple-choice knapsack problemg>
xwU,O,DgBE 3gCgU,x DB Dfw ,RB8w 3wkBEY xwU,O,DgBES ,EY 3jR0x,/

YgwED B-DgCgH,DgBEy nD ,--w,xwY gE Bjx wO-wxgCwED3 Df,DS gE

Dfw -xw3wEkw B6 ,YYgDgBE,U kBE3Dx,gED3S Dfw j3w B6 , 6w7 3jR/

0x,YgwED gDwx,DgBE3 g3 6,3Dwx Df,E RBDf Dfw -jxw Rx,Ekfc,EYcRBjEY

,--xB,kf B6 uB33 ,EY 2BU,EY q Q. z ,EY Dfw -jxw 3jR0x,YgwED 

,--xB,kf B6 rf,UCwD ,EY hwUYwx3 q Q z y



pQ

5fw axB0x,C (MaIbA g3 , 3-wkg,UgHwY 8wx3gBE B6 aIbA gC-UwCwE/

DgE0 Dfw CBYwU Yw3kxgRwY gE 3wkDgBE py 

B6 B-DgBE3 6Bx RBDf %7,xwfBj3w3% VYg0gD,U 37gDkfw39 ,EY %kj3DBCwx3% 

VkBEkwEDx,DBx39 g3 CjUDg-UgwY RF Dfw EjCRwx B6 Ywkg3gBE -wxgBY3S

nE (MaIbA Dfw EjCRwx

,EY kfxBEBUB0gk,U kBE3Dx,gED3 ,xw gEDxBYjkwY ,CBE0 Dfw 3gYw

kBE3Dx,gED3y 5fw3w kfxBEBUB0gk,U kBE3Dx,gED3 ,xw EBD 3DBxwY

Dfw kBC-,kD 6BxC VpcQcQ9S 7fwEwO-UgkgDUF RjD ,xw 0wEwx,DwYS jEYwx

CjUDg-Ugwx3 ,xw DBDfwgx 6w,3gRgUgDF g3 Dw3DwY ,EY Dfwgx b,0x,E0w

5fw kfxBEBUB0gk,U kBE3Dx,gED3 ,xw ,U3B j3wY gE DfwRw CBYg6gwYy

gE Dfw Rx,EkfRx,EkfgE0 -xBkw33 DB wUgCgE,Dw 3BCw 8,xg,RUw3d
D TYw6gEwY RF F­JU» ,l 8,xg,RUw3 O­

ogE,UUF Dfw NE,-3,kN kBE3Dx,gED3 Vpc89 ,xw 3DxwE0Dfwc

7gDf x < D ,xw ,jDBC,Dgk,UUFg>

3wD DB HwxBy

7fwE kBE3gYwxgE0 Dfw xg0fDcf,EY 3gYw Yw6gEwY RFEwY ,3 6BUUB73 d
D tF­JUS ,0,gE ,UU 8,xg,RUw3 O„

xwYjkgE0 Dfw 3gHw B6 Dfw -xBRUwCy

7gDf x < D ,xw 3wD DB HwxBS Dfj3

5fw -xB0x,C (MaIbA f,3 RwwE kBYwY gE oeu5uIT ,EY kBE3g3D3 B6

,RBjD 6Bjx DfBj3,EY3 oeu5uIT gE3DxjkDgBE3y nD3 YwD,gUwY 3Dxjk/

Djxw ,EY j3wx gE3DxjkDgBE3 ,xw YBkjCwEDwY gE 6.Qzy nD g3 EB7

RwgE0 j3wY DB -wx6BxC 3DjYgw3 6Bx Dfw -U,EEgE0 B6 Dfw DwUw-fBEw

EwD7BxN w8BUjDgBE 6Bx r,E,Yg,E kgDgw3y
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éc reAas5I5neTIb 1]a1unA1T52

)w Yw3kxgRw RwUB7 Dfw kBC-jD,DgBE,U wO-wxgCwED3 7fgkf f,8w

RwwE -wx6BxCwY ,3 8,UgY,DgBE Dw3D3 6Bx (MaIbAy 5fw EwD7BxN

jEYwx 3DjYF g3 Df,D B6 , U,x0w kgDF gE eED,xgB ,EY gD kBED,gE3

oBx w8wxF UBk,DgBE Dfwxw ,xw D7B DF-w3 B6 %7,xwc.Z UBk,DgBE3y

fBj3w3% VYg0gD,U 37gDkfw3d xw-U,kwCwED ,EY B8wxU,F9S D7B DF-w3

B6 %3wx8gkw% VkBEkwEDx,DBx3d xw-U,kwCwED ,EY B8wxU,F9 ,EY Dfw

B-DgBE B6 Nww-gE0 Dfw %wOg3DgE0 3wx8gkw% V,E,UB0 37gDkf9y 5fwxw

,xw wgDfwx Dfxww Bx 6Bjx Ywkg3gBE -wxgBY3 6Bx Dfw3w 3DjYgw3S ,EY

Dfj3 wgDfwx .Z8[ Bx pp;[ RgE,xF 8,xg,RUw3y )w EBDw Df,D Dfw gE-jD

6Bx 3jkf , -xBRUwC kBE3g3D3 B6 Dfw kB3D kBw66gkgwED3 6Bx w,kf BEw

B6 Dfw3w 8,xg,RUw3S -Uj3 YwC,EY3 ,EY k,-,kgDgw3 ,EY -B33gRUF Dfw

wEDxgw3 6Bx 3gYw kBE3Dx,gED3y 5fg3 gE-jD g3 -xBYjkwY RF ,EBDfwx

-xB0x,C ,EY 3DBxwY BE , 6gUw DB Rw xw,Y RF (MaIbAy

5fw 6gx3D 3wD B6 xjE3 g3 Yw3kxgRwY gE 5,RUw .y nE Dfw3w wO-wxg/

CwED3 (MaIbA f,3 RwwE kBC-,xwY 7gDf aIbA j3wY ,3 6BUUB73d 6Bx

w8wxF Ywkg3gBE 8,xg,RUw VYg0gD,U 37gDkf ,EY kBEkwEDx,DBxS 6Bx

RBDf xw-U,kwCwED ,EY B8wxU,F9S Dfw B-DgCjC Ywkg3gBE DgCw f,3

RwwE YwDwxCgEwY ,EY Dfw kBxxw3-BEYgE0 CgEgCjC kB3D g3 j3wY gE

V.cU,9 6Bx Dfg3 B-DgBEy nE 3BCw k,3w3 Dfw UBk,U kB3D g3 EBD ,

kBEk,8w 6jEkDgBE B6 DgCw ,EY Dfw CgEgCjC YBw3 EBD Bkkjx ,D DgCw

DJ[ Bx DJ5; Dfj3 Dfw 3D,Dgk 2aba q é z g3 BEUF ,E ,--xBOgC,DgBE
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In run 1 (see Table 1) the PALMto the dynamic problem.

solution verifies the chronological constraints and thus

In runs 2 and 3 some of the chronological cons-is optimal.

traints are violated in the PALM solution, that is a concen-

is installed in a location and homed on a digitaltrator

switch which does not yet exist. Except for such ill-timed

concentrator placements,PALM and DYPALM solutions are also identical

in runs 2 and 3. The DYPALM solution obtained with four

periods differs from the three-period solution in only

the decision time for the placement of one concentrator, which

has been delayed by one period. The data for runs 1, 2, and

3 are similar except for different trunking costs.

i
For every run, Table 1 gives for both PALM and DYPALM the

total CPU time and the value of the solution, 

are on an IBM 370/168 and include inputting the data files

The CPU times

in open format and producing the output on other files. The

objective values of the solutions have been intentionnally

altered to preserve the confidentiality of the data, but their

relative values have been unchanged.



26

RUN PALM DYPALM
NUMBER CPU SOLUTION

VALUE
NUMBER 
OF PERIODS TIME

CPU SOLUTION
VALUETIME

1940.10.33 1940.10 3.0631

1572.24a2 1572.30.33 .633

1889.22a 1889.763 .33 .783

1889.464 .91

a
Solution violating some chronological constraint

All CPU times are in seconds, on IBM 370/168.

TABLE 1: Comparison between static 
and dynamic programs.

Further runs (see Table 2) have been made to test the sensiti­

vity of the solution of run 1 to various parameter changes.

This solution requires 7 digital switches, allocated as

four in period 1, two in period 2 and one in periodfollows :

3. Runs 4 to 10 differ from run 1 by the addition of one side

constraint on the total number of digital switches. In runs

7 and 9 the branch-and-bound algorithm is used to produce an

Runs 11 to 16heuristic solution with specified accuracy.

differ by limits on this total number of digital switches for
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every period; blank entries indicate no limit. Other runs

have been made to test the sensitivity of the solution to

the capacity of the digital switches. In runs 1 to 16, this

capacity is 1 000; different capacities have been used in

runs 17 to 20 (these capacity figures have also been altered

for confidentiality). It has also been observed that in

all these runs the concentrator option with overlay always

dominated the concentrator option with replacement in the

following sense: overlay costs less and the demand is smaller.

Thus in all the previous solutions overlay with concentrators is always 

preferred to replacement with concentrators. The data for runs

21 to 25 have been artificially constructed as follows: they

are derived from data of run 1 by exchanging the demands between

the overlay and replacement options for concentrators. In run

21 the capacities are large enough to accomodate the less expen-

In run 25, the capacities are set to zero and thesive option.

only solution is to keep analog equipment. The difference in

the value of solutions between runs 1 and 25 gives a measure of

the savings resulting from the use of new digital equipment.
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Run number Limit number of
digital switches3

Capacity of 
digital swit- tion from opti- CPU time 
chesb

Maximum dévia- DYPALM Solution
value

d
mumc

global period 
1, 2, 3

64 4.58 1941.45
55 5.06 1944.12
46 5.25 1952.01
37 2.0% 5.76 2006.28
38 39.09 

42.33 

> 100

1968.81 
2046.90 
(2046.90)e 

1949.61

29 .5%
210

11 4 1 .5% 2.40
12 4 1 7.25 1941.33
13 3 2 2 3.04 1940.76
14 1 1 1.0% 12.22 1997.73
15 1 1 .5% 22.33 

> 100

1994.61 
1994.61)e 

1940.10

16 1 1
17 1400 4.59
18 800 4.84 1940.10
19 700 8.02 1940.79

1942.0220 600 11.03
21 1200 4.59 1940.10
22 1000 4.24 1942.23
23 200 2482.596.12
24 100 1.56 2557.05
25 0 1.02 2571.18

Blank entry indicates no limit
Blank entry indicates a capacity of 1000
Blank entry inditates 0% deviation (exact solution)
CPU time in seconds on IBM 370/168.
Value of best solution found before time-limit

a
b
c
d
e

TABLE 2 Results of sensitivity tests.
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We conclude this section by a comparison between DYPALM and other

methods for planning the evolution of a telephone network. First,

the model used in DYPALM is a simplification, in which the inter­

office trunking costs have not been included; these costs are

dependent on the relative locations of digital (and analog)

switches, making the problem more similar to a Quadratic Assign­

ment Problem [14l. This is yet a much more difficult combinato­

rial problem, and the telephone planning problem is still more

complicated because the traffic depends on the location of swit­

ches and on routing methods, and also because of its dynamic

However it has been observed [ 5 ] that the inter-officeaspect.

trunking represents a small part of the overall network cost

(switching and trunking). Furthermore, the variations of this

cost for different solutions can be considered as negligible

with regard to the uncertainties in the demand and cost forecasting.

The cost of solutions including this inter-office trunking cost can

be computed by using the simulator LNES [ 6 ] . This simulator has

been used by experienced practitioners to derive an evolution

for the same network as used in run 1 of Table 1. They made

about two hundred runs with LNES to manually produce this solu­

tion in several months. The simulator LNES is also used as a sub­

routine in a heuristic algorithm LNEO [ 6 ] . We give in Table 3

the total costs of the solutions produced by the manual method,

the heuristic LNEO and the program DYPALM, and approximate total

running times (LBM 370/168)for these three methods.
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run number 
(Table 1)

Manual solution 
value (CPU time3)

LNEO solution 
value (CPU time3)

DYPALM solution 
value (CPU timea,2 )

2254.5 (140.)2262. (3000.) 2250. (4.6)1

2 1800. (140.)b 1800.1 (2.1)

approximate value, seconds on IBM 370/168a:

no manual attempt has been made on this problem.b :

including one run of the simulator LNESc:

TABLE 3 Comparisons of three methods 
for planning the evolution of 
a telephone network.
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6- CONCLUSION

In conclusion, we state that it is possible to directly

deal with the dynamic aspect of practical location problems

in an efficient way. For the planning problem of telephone

network evolution reported here, a discrete dynamic model

provided the most useful tool: the comparatively limited

computer requirements of the branch-and-bound algorithm

DYPALM make it attractive to derive an optimum evolution

for various scenarios and to achieve a better understanding

of the economic implications of the decisions to be made.
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