EWDWM'M M@%:)d’ agpl: ed 4o woax o [Pas $5.]

-We DW!M& cicm d/\afawjrﬁm. E nvolves

—éw ’LPS.

5 P!ZlMAL_ DUAL
lmin Tx "  WMax kT
| st. Ax=b =0 st. ATr =T
X=0 7T wnreshricted

Adwissible set /016 @r?ma/ Vw?aéﬁ(ég ov o/m( m&mﬁ):

J-:;J J‘}L\Mﬁaﬂsﬁmn% /5‘71731/& {
o s | [ce (o{yr "“C-:( |

| RESTRICTED PRIMAL  DUAL OF EESRICTED

| om | PRIMAL. (DRP)

Lmin. § = 21 V' __wax b'r

| 5. ZI % +vi=b: fedli st (A) O%ue}’

| T X 20 v all 4T  m=d alli

| Xp =0 foroll 143 T mwe&mdecl.
>0 Sorali




The wox-Flos problent Tsee oo PAS §43]

"é?vem o 4 C(Wec}ed c?mpfa. &= /VE')
| o Specified nades S and —t

waa-ﬁes b >0 Lo all aves ((D

rﬂ'

I/"nus idovrwodion is called a Hlow weluork. N (s L VE b),

S aaar

| Coal : Max(wze P Hotal Pow Fow < +a i

Sub;ea& —(-o Hie arc capaar%es

Exam le: ] , ma”.

”ies

O Toble Zond i His vchom ins B’

Lollowing Llavas alam He aves:

b obowe S>a. Za[mq $=>c, éa/ma-ad

2 al:g; bod, 2 lm c—%e é’afm d->t,

2 a(w e->b zem alevg all othor arcs.

:E«-Hfus Oow, e net owtflow ot < is 8

(and Hhe net nflow o + i 8) So +he V@io&e

of s Low s . Total M‘F’[M eauals

—+rtal crdflow o each other node (—{7’;{} msewcthm‘)
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- Max—F$low pmb(em —@

I(AS"'V&‘!WM 0‘£ *H/US ﬁ%as; —f/@w
g |
PPty — @ 2 >~ B
N b~~8 2 5
Z\ ‘/‘(:ﬂ'e Va]u.eo@'caw«sg

.lee ‘-H/lmf' %us pomhcu -feagbe -;g/aw ‘s

ot o waximun | feagible Lo, whiek is ot

;we seelk. u +l4.e MAX = Lloww pmb

/m Wﬁow n %se}auup Aas Vaueﬁ)




- Moxflow: LP Formulation,

; ,\/&ﬁ@bfés MCI CZ@YMAMS:

o Tov éacl« arc (u)éE a4 chmab/ -36

Vépvesewﬁm ~H/Le “Llow alm Hee arve.

D@mm« —»C/ | O ]'caw% Ltave baaéwa«é ffwj

o A Svme vcwmbe v Vepresew/?m Heo

Value, o -H«e Ao -
Neqar"we 'voJu.e °Ims—]

Donsin: v wweshricted. | &2 e

les
' S See® 3 ot
S Ob ec‘g’ive' o M@XE MZ% \VA : L\as valug —3. N

(&%smuvd"s Le{' A pe +he node-ave n/tadwc'.e

Wehix o & (a vow fov eack vode, A

Column -@mf‘ cach are en%/ a5 s +1 f

are o, leaves pode i er —7 ' F e e, enders

J
nede 1. v O o%ww«.s«e.\ [ see Wg page 75

W«/\\ncavs#uz%mwme/i Q@IS‘W

net _odtflow ot vode i. We wank Huis 4o be

+v_at node S, =V ot ww t, and O eleulere:

+V | & vow &

O _ba’anceg _
] ? all cthor yows m;m;@gj
L O |

e
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/(/{ax-sc/aw' LP %mﬂaﬁm "’@ |
We also weed o Vespecf #te are capac Hhes:

'F/é b rCapacc'f'V éensbmﬂfs-?

iV§c> Hhe LP -?vrmu(a:ﬁ}v\-é'r WX"’N"W‘ S

MexX_ N
S't . , r.;.\/ e ww ¢
AP =|ov]ewut M bolawee]
oly
E 1l ot
o ‘ﬁ £b S rC“Pau%esT

‘?9—‘0 V. MVLVeS‘{‘wo+ed

I/Ue WM+ o app’»/ -Hf\z pwwmj—clua (qm-/-ltm

§"7Z&s rsamaxLP o we will View H as

Hhe Dual T e wam{ - dual -gfamewwk

Tn evder 4o do Hhis, we would like 4his LP

Ho be i Hhe Foru OQWM vecalled

arlier, ie, all < wmshfwwis md all

variables Mfes*nd*ecf

D@‘C?VL.Q . 1'._17 <"‘—' oW S O\He Siqu \glf,P Fowm
1 d=|+1 | e— wut RHS of fno-bobnce
& 7 1] WS”VN‘&S\ :
. an orher 7
: yows

_OJ)




 Thea we can_vewrite Hhe wox—flow LP as|

[ mex

B NmLeS

'—"W reosewn 'g?‘r "J"Q S’QVL ‘ﬁltp " d 1S foecwse dT/

wes woved 4o Fhe LﬁlS ma Jhe Cams#wm:(: o

e~
S

o wake the RHS coustart.

— Flow balance has heen vewritten with £ instead

of =. This is OK because ¥ there is a

de-g‘cj-b i Flow bajwme of some viede Hhon Fher

must be a Surs:ms in. Ao balasce ot gome of

Vtod.e g0 Hhe @ml«/ way all -Hrw £ constvands

&xfﬂs'geé [ \/{H[« ec)ua &4 evew w:cie.,.

- C@mgegwdly Jho Llow-lbalonce congbraints s will

dlways be *hqld’ Lor any Lovsble Llow. The

L)

0’141\/{ yeason we Wrote W as € (levshrod

i %—@-P‘kaeﬁewm of the dual in Hhe

pw wal = dual Fromenerk..

— 714—2 domams £20 have been mwﬁewwe-%ec!

as _Constraivcts —£20.  because we ward

 eshicted variabes_in Hhe cual n s Frmerork.

werk




Dual of. cebicld_privel ﬁw o Ll

Observe W we -l%vm ~HA@ TRP '@@m ~H«e dual

in Hhe me«a dual Fframework:
| —Replace RHS 0C dual éamfm:m‘s er« o.

| --Defe+e constraunts not in J (ie., delete

_ Constraivdts Yhat _are net —hald in #\e olm()

— /(CH m%wwfs r@wwm all varableg 4:: be <7,

| §o for maxf# I -/«!«e DRP is:

DCCOMSQ -Haw-—

/ Wlﬂx \/ ] Lonstraints ore away,s W*;ﬂ
I \s't AL+ dTy <o o all ndes
) -?- £ O, for aees () where £=by in (D)
(DRP>< “'"(z, é O Sor_ares x) where -F "O n (DB
) .{Z < i}. S adl ares ()
(/ < 1

—f Wwe&wc%ecl v Wes% c:Fec(

' fmwmem A#em To od an 292 Low

a@ value v=171 Such Hat

i 6 Ares (H) 5&‘{“’@(’3& )W"H'\e C(‘A’ﬂz( /:f 53
|l have L’)ackwarﬁ Llow 1n DRP /-# 40\

e qrcs (\\) with zero oo in the dual f-ﬁ —'03

Con have -ﬁafwarcf Llew in FDEP (-“-Q 40\

. other arcs can hoave Llow n eH-lfw
divechen n DRP. ~




T Note Hhat +he arc. capac,rhes ore +o4u((v abset -

" Lop the DRP J:WM an. epfnal’ Solhon

__—ho the DRP  boik dewn 4o o reachabsilih,

‘lebbzm /as H did also for 5va+es+ pa:H«)

'"We  have vremoved comnsidershion of nmmcal

olues B the problem and have reduced

v a CMSsdewa,%M of shuctual Dmpef-hes

l"\ ;

only— we buve " combinatoriolied” Hhe RHS

M
(

04 e oviginal LP.  See PES £5.5 o |
ef O’«Scugsim & Hhsg eciea,‘]

An s>t How of value 2 dhat is an ophinal

ectln..

éolmLtm —{-o ‘”ﬂe ’TDEP' is called an Qi%wwﬁm

oy

/O ‘7LN/LC! an WMA@V(‘}‘&M DK”A 6((\/@4/1 &"]géaS(b

-ﬁaw *P\ we Camsf wuct om Ooux\lwm/ Vw:fwavl;

s Loy every are G, f) —H/mf is sahwated by £

/12 b\) "’l/&mxfafbm&wm:mmv

aux\lmf\/ Mz*lwcrrk Dmm bac,kwawd f-&arau

e

+o 1.

/ -ﬁ O\S ~H«a W@SF’M&*M are "”Aé_

* Tor every are (o) Hhat bas zem T w £

-{—o

i Hhe duxil; iary nehoovk points in both |
wecheous (m/ M ic a pair of ares, oune :VL%
éad/\ O&wecﬁMD

® QY e\/@N oJer arc. (m) +ne CZOWESPO?\A«M arc. |
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DRP £ ‘max'“--}faw wgwmﬁ‘% Paﬁ«s —@)
Omce we Aave ﬁq«e d(,()(lliawy wawark "#’léy\ we

| [MS+ need o —:@mcf a (dw*ed—eco Pctfk —ﬁwm S

%f'm r"—-—“%s will /:zeartéwqmew{vw

i Da&k éuvma M %ml Soluchion +o %TDRP

A [/@A We Llave an (90‘1’71444! §olw/wvt *Fz %DRP

",,we Use +o IWt‘DVD\/e He dual Sowkm bv

B ﬂc(d«wxq &L~>Muﬁpe 4 “+he @%M&(

DRP ¢olution

—+ 2 curved duad soluhew as /qu a

imaf%pﬁe as pes‘s:be whs) e Zéeeam.a He & ol

soluhen Leasible.

— This is d\re& -—fgrwn -FM primal— dw»(

ol c{@w—%m

What does Hr Ynean Lo 2dd 2 muHiple. of

e ooteal TEP olibion o The ibat

oﬁxal soluken?  TF weans - inerease -lg/md

ol Lovuerd_ares_of the gugmadtivg_peth

wancl o decvease Llovy along Dackward  aves.

- | —This s wlw sachuwrated WCS\) must go backward:

%w Llowy ca,mw# be jncveased. Amc(uaxcs with

zevo ow pmugt g0 -@svwawci 'H@w Llow cannet ke

deaeased Oﬁ«gy‘ ores Con qo LI e,rufw d&rec:km

Jhev Flow can be wmereased ov Y decvensed.




How much can the Plow 4 ammam be

Cl’twfmecl c

~— I—? Jhe auqmm(—mq path *)lmverses % arc.

n Hhe forivard Fivechen, +Hhen Ts Flow o

will _be increased, so e maximunt

CLLW\‘Z 1S b- — —ﬁ (16 Vemwvuuﬁ Capacn

&
-/

— Ivc ~HA£ Mmew’mq Dath draverses Hhe av

A

n e backwarc!"}dwec;&m Hion s He

?’;

W)I be 'EZcmasecl So Hee mainum

Wge 1S fd / cont clecvease post zew} .

So Hhe moximun chanse of Leow afmg an.

bugmenting  path P S
) ~—— !

S N N %des
win ?,”‘1’2" Wﬂ

wf\)

17 Hhe auxil mm,z M\goqu has vo divedted Dath

’Qfmm s%'f Fhen Hhere csnowqman:/—em

]

+he eophual obxec;-hve value 2fr DR

’is O So he OD*hmal ob;ec’:hve value “ﬁw‘ -

Hee veshicted orial i "é' N so Jhe |

ereni’ dual Zolution is Db'hmaé




18 June. Auﬂmen‘km Pctﬂts for wax Flow— Em/i
a

*_ @
¢ \é /(rc capacries
< 04%)/@/’ &. . (drolepd.}.h

p rima(—a[m/ wethod bﬁv’us with a ')%asi[o/e So/wﬁbn —+o
Hhe M, which i His cage is a ‘)[)éas%/e flow. Letk
bég;l/\ W?Hf\ ‘Mte 4//—2em -ﬂ/aw D Cer'lw'nly *ﬂucf_'s -Feasib/e.

/(N ancs L\ave Zero f/aw, So every arc in e
ouxiliary network. ponts fovward. ' So, ot e beginsing,
the auxili netwerk. is e Same ag He Low
netwevk. (bt arc capacities are I‘We(evwaf). We Hfiud
o dicected g—>t )Dm% i the auxi L«'ow7 Vte:/wavk,
Sy S—a—d—-t. Thi is owr aujmm—h‘»j Fc&&
/4” these arcs /fn Hhe ﬂ/aw WWL) are fraversed
Hee "érumrcf divechion b Fhe augrugnh ath So
o reenen By Jrennng parh,

we will be IVleeaSlgg ~Ha¢ Plory d/mj dach arc.
Magimum clfmnje: are:

¢ for (S)“>> 1954—--@“:- 6-0 =6 |

e for (3d), by - 4= /(—o0=7 } nunimun = 6.
o for (de), by ~f=8-0=¢

So ncrease e Plows Yhese aves by, ¢
S >4 7

+o mprove Hhe dual solicherc .



12 b /('vgmzwﬁ;ﬁ dnlrhs £ wax Lhri E"‘“‘P’e —@

N

-F/ow a nonsaturated aye

New 1[)/0‘007 @ ¢ With nenzew fo,,
: d
Schosted o 5 684 <

wre with zer, Loy —7 2 Value of Ly

o s ©.
C

//(ux: mry Vw—fwark

5“‘“”'“‘55 m:{S ggz" arcs go

go Ward —y divect;

S .-\5 :
ares with zon £, \ .
— g0 Forwad

C

/(ujmevt“"ﬁ Pa:l'l/\. S a OLV‘ec:Fecf <—=t ’P&(L\
ouxil iary netwerk. Say S—c-e—b—d-t.

Maxtwum Mes " ‘paw a,/mg ~)“Aese arcs:

(Sc) fovward arc, Max wuease ESC £ =3-0 =3,

e (ce), fovward arc, wax increase b, {2 1-O=7
5 (e E) ~ﬁ'mmurcf arc, Wax iMcrease bb "%b 5-0z2& MW{MDCM
o (bd), fovward arc, Max increase b .l-l 4= Y0 = =
o (dyt) forward Orc, Wax ncrease b& = 8-6=2.

dwnﬁ Ll dtlmfﬁ Hhese ares by



18 Jue. Ajm-hnj Pocﬂts o max Lhowi — EXMF/e-——@

A

c
/(Uﬂmen:l-wj Fad—k; lets take s b &

Maximw cllw‘i(es it el A/m«g Hese arcs
° (5,5)) forward arc, Max Increase bsb~-§;‘>=é-0=é,§ ‘
min

o (be), backward arc, max decrease -fe =2 e

e (e,1), fovward arc, wax increase bey = foy = 8-0=8.

<o a.cﬁud‘ Llows a/m«ﬁ Hs )Dacfk by Z
-, ];twease ‘p(ow b7 2 wlo'nj (Q,b) and (e;t).
‘—'Decrea.(e -ﬂ/m [77 2 almﬂ (e,lo)\




18 June. Aﬁm.dw‘g Pa“«s for wax flow — Exasmple — @

- ; I\J@W 78/01«) :l @

e
/(ujmem‘iyﬂ PQJ—I,L; S
Max?mum Meg " e afavﬁ Hiese ases:
e (5,0), fovsard avc, max increase b —Fsc = 3-2=1.
¢ (ce), fovward arc, wax Wcrease be—-F,, = 7-2=8 %
e (¢t), fovward are, wox ncreate by —fep = 8-2=6.

go ac!fuﬁ —ﬁ/owg &L/mj ‘H\,{g Fa:"L\ by .{

i =
y



18 Jume. /(ujwwv%«j WS for max How — E}M}Dle-‘@

New a@/aw :l @
o b i
82 P

m auxwwy network does net covtain a
dffec—FeJ FJCI'LL *)Q'a—m s - ’ﬁ) so Here
is wo Mjmenﬁﬁ F&Hft) which eans
Huat owr cwvent Llow s OP‘?L?VIM,/




