Tush-Relobel Mox Flow



’ Avir 0\3: onalysis o3 o thims

(withouX sm\%'\dn%_ worsT-cose Cobusiness)

® A"“\OY')(\ZQA own O\\, S.\ S C'ave.faée:‘ (N K\h&é\g\s‘\)

@ Rom&w;(\zu:) o gar'\'\\mmb (“over uaef over vandom bi¥s)

Both ace vty pfacf\w\, MSrec Y pers?eé\‘ive.s



O, 1, 10, 13, 100, \o\, o 1s€y by

Qxery Tne "
141441441444441441441441424144444 ;
1.000000E00CO0OCAN0CGOO0O0CCO000 © dnd bi¥ ey Ames |3\

nonecemerts = Oln) Tt Yiwme * 3cd bt every X Fwes )
eoch wneremest Yakes O0) on aves aeg (?

“ R i n_
OM) omodtized Fime « KT\ bit exery o\ fimes 13 )

N A“Q\Ys\s Creo\rrsc)mmes ........ T u\,cxe_t)q\—sa\\@Ao%hne‘\‘ogo\,%o(ka\a*ec

: ! T amortized _\-\““Q’ L(V\Y\N\n% Time) + O - ( A c,rzc)\'\') < ownofized Hime  pult L credit o Sest b
- : : Y2 oedit on and bit
-7 n Opes oS "\'Q\(Q. O(“T\) _\’\‘N\E. 2y, Soc 'D\Mﬁl cowwter, \J\\U\ wCS CYY\Q('\T\“;- Yu cxedi¥ on 3d Gy
Multiple ahons  Ofy, », 0O, 4

ple ope( H * L owhen we heed To Ship biT i, we have odready 9% oredits o ith birt

"O?j_ Yokes T\ amodtized Time ) 091 toke A
Of, Yokes Ty oworfized time

O : RN cownYes Dovbling Terck.
Potestiol mathed T - Sl . " e

: o e $=ﬁb'f\'s ¥ o 1 A m
E’Snwﬁ eoteniiel @ Ser Sor cach we | T TT T 1171 i

/ / \ | (o) Y)Y AD <oc\3 1a n an
o \ / \

 soned 1 ccediY To pay Soc W 2 credifs ool

o U5 cuct 10 iy BE) eI EEN/ EEEEEN

| e iy e .o
PeoTized cost o5 operalion will be log s Naa 6:
(vl Fwd) + AF - N - 4

cea) Tiwme . ‘ o O
...................................................... Cog oD i ()7 aunds, o e e
rebwld extice wbiree ¥ree optimally ;. IN out IN OuY

i (Onoose wedian o be. coo¥ o5 subicee, vearcse) Ui Yomd) | SRR :



Yo o\ow/: P\Aé\-\ re\abe) a\ao. FoC  Wax Now
: SQS\'QST q\éos WwWeQ w\\\ e gfo( Sﬁ\ovl

? n Avegmge:\ oxhahs‘\s oy o\go(\‘\\\\ms

WM1 (w/owX swi%\c,\hg wordl-case robudtness)
° :

® Ponortized av\o\\’s\s Covecag in Vindigh)
(wiclt dass '\'0?\@ @ Rowmdowmzed o\gc(ﬁ\\‘ms Couray oite vandom W)

- Both ace very pradica),  Irecost wxsee('.\'ives;

Wses  ownorTized am\\/ SIS ey vxiua\xl

(8\\(& ws o exXomple thal s Wet o data NendFare)



(deaned u\p\ (Edwords, K“‘P) E

E How o Compute
E@ mox $~7T  Slow

E @ w\r\'\\e. '\'\\Q,re. S & 9«‘\\\ ‘): S’\—?T
@ '\’0\\<e. 6\\0\‘:\—25-\— eo\’“\ e and\

Yot S muxc,\r\ S‘\ow 0SS POSS\E\Q

© u\eo\ci& esidua Sro\p\r\



@ whle there s a pot\\\ AT

© tolce 6\\orTe.§V '\'\\ Y ok

®© wpdofe. vesiduna\ Sra\p\r\

Key
LQW\W\CA N veN, distance Svom s 1o \I

n oS\ %(0\9\\ nevel decremses



(YQ S‘\ d\Nl\ %(0? k)

De removed Svom RO, (D e=(uw) 0dded bock n +o RG

=7 € iy shovlest s~ ?0\_\'\'\ => (VW) wos W Shorftest 7~ e&“r\
SWU’%\IM’Y S)Y\}\)»\J’%u\ﬂ)f"?
leve () leve\) levedy)  leval(w)
=7 levdW=levd) ) =7 \evd W) = leve\ (W) ¥ )

each evest ®/Q) =7 level (@) leve\ (v) have swy¥ched ordler

\QVQ.\/ﬁ V\ohc)»e-f—( QQS\Y\S' L\/ \<Q\I \ew\ww\

= e 3@‘\'5 O\Q«\QXQA/G\AAQA &vaéx N Tiwmes

emphasis on  disfances i residul Smp\\



(deaned up\ (Edwornds, \(MP)

How o c.omeu‘\'e. /A\Y\O\\’ S.\S
@ wox g~>t Slow Eo\m::vxo\s) Ko\(P
. L @ while there s & patn pt s~
R, dink
+ @ -\—0\\<Q~ 6\\orT€.§\— ea'“\ e O‘“Q)\

Youte QS mvxc,\r\ S\ow oS pobs\g\e

E © "‘?‘7\6& esiduna) grop\r\ E

@ w\r\'\\e. There s o 9«‘\\\ ?‘. s~V
@ '\'o\\ca skorfes\' e&\'\\ e O\N-\

Youte QS mv\C,\/\ S\ow oS pobS\B\e,

@ v\@o\ciKQ ‘CQS\AWA\ 8(‘ oxp\r\

Koy
L ¥ vEN, distoance Svom s To V

" ves\o\. %(0\9\\ neve( c)e,cx&o\ses

1 (residua) gcogh) :
| De revaowed Seom  RG, © (D ezw)0dded back i to RG
] ] —_— '
=7 2 In Shovlest s~ ?o\‘“\ => (VW) Wos w ShorTest s~ ?”““" !
: 1
smu‘_’\f%\).%’\’ va—%uw&
o) e o) lewd@)
=V levdl(W)=levd W)+ =) 1) =level @) +)

endh everdt O/ =7 level ) level (W) hove Swithed order.
\eve\/b . PY2's QQS\V\} ‘e\/ \(e\I lewarmor

D e 4efs ddcted/ added X med N Times

e,mp\\as'\s on distances m residud Smp\\



(eared o) (Edwmonds, Koce)

How fo comput Anolysis
@ mox g5t Slow N Edwonds, Kacp e romoud Seom 7 N @ o) 0dded tack in 4o RG
T e in doflet soT = W) vas i et 9 ey
. " e e o o , .
son Sk @ b e gt STNAu—> N ap I NI
’ O tolke ghortest ‘:&“\ P and o) lekt) ) et
roite as wuch Slow as Poﬁk\e = led@=led@t) 5 o) =l
© ugddte. wesidual groph endh evestt O/ 27|l W), leed () have Swikehed ardhec
@ e thece s o pahn g s lews nondeccensing by ey levarao
@ folce ghortesT path  p andt Ke: D e gt ddded/added ¥ wed¥ N Times
(A _ u . ¥
ot as mach Slow as possble Lemwan ¥ vEY, digfance Seom s to V
© vedde esidual grogh i vesid. gragh wevee decreases

emphasis on  disfonces n residudl gmp\n

Pudh-Re) obe) Framework.
c_om?Oha\'\‘S‘.

@ A "gbt'e,&\caw~~ %3E'>Rz°

&"R?jaxdﬁon 55 5'6ws

@ Lobols/lowels L: V>R,

A Relowation oF chistances i resiclual gmf-‘)')



Pudh-Red obe) Framework

O A "pre,&\owé S ER,,

&-’Re,axq'ﬁbn 65 56\,,5
® capacily consttows
O <5()< cle)  WetE

o novme,aaT“\m, wed Sow gLv\ZO Ny#ES

ey

whe (e %Lv\ = Z. ) — s S’(v w)
ecJlv) eeI'(V)

St= 1/ ~_ S v
V neY Sow oV v

@ Lobes/lew)s L: VR,

X Reloxdtion oF chistances in resiclual 3{0\?%




Pudh-Red obe) Feamework

O A" Qs\:\;d f’ 5;?&,0 -3 <
° C,CAPCAC.\“I\/ constavats /

0 <50 (o) \"ze\’:

Re,sio‘ual gfala)') ()_3'-" (\I’ ‘ESD . nonheao‘x\'wq,m'\’ Sow SLNZO ¥uPs

e S E 2L S — 2 St

eeJv) e,eD*(L
. . et Sow o
0“§k \\\<?. %Qf %\WS @ Lobols/lewls L: N>R»

% eloction o5 clistunces i cesikal geaph
CS (u '\’) - C_(\A ) VW o %(u‘\lx'\' % LV' 03

Yesidual c.caeacl\'\'y



@ Lobols/leve)s L: V>R,

/C__Rejoxaﬁov\ oF chistances n resiclual 3“‘?))

Phé'\ "Rm\ oJoo.\ F(owm.wOf\(

O A “pelod’ SiERy, 3o LT
R Relaxafion o Shws

Cavls 3/7 —

. nonhega\'wu, wr Sow 3(_\1‘)20 Ny#EsS
N def
whee S = 2L S0 = 2L Sl
e e
\—’ﬁ/‘—/
net Now ol v

e SINK Yoo leve) O, sowcce \has leved M.
,Q,('V): O’ w= n

. e,o\ges (v ces\a. grae\b 9o down <1 \evel
N (u, V€ Eg

IO RS IME




Pudh-Red obe) Framework

O A “peStow  STER,, @ Lobels/leve)s L2 N>R,

K- Reloxation oS Shws
) e ) A Reloxition oF clistances in e.so/ 13 P))
© c,uPo\C\‘\'y condtonats

0 <5()< cle)  WetE ° Sink Yoo \evel O, soacce hhas \evdd M
+ ronvesdlive nel Slow SLNZO Nu#s AH)=0 UN=n
whefe %(v) = egzg"( v:f(u,v) e% Z;;Lv \D | . e,o\ges (v cesrd. gmg\rb 4o down <1 \evel
\“YT/ 26 2 AN-) HDEE

IV\T\’\ O\“\I'. safurate ol sowrce ed aes, ¥ ol nonTecmma) leyels to O

SEN=sD ¥ (seTE®
leved$)=%, \eve\(N=0 ¥ T



PadhRed abe)  Framework

C—a\\ o Vex\ex W ”O\C\"Né\ (o) @ o SEke

Capacily condt *

/N o< 0 < YecE
3 3\0\/a * nonn ea‘\'w.m'\' Sow §L‘) O ¥u#sS
W ) O 3/7 N e DTS- 2560

eeJ )
\_,_\/“/
net Sow o v

\ \ @ Lobos/lew)s £: VR
: A Rebxation oF clistances in resiclual graph
h \‘ - : !
\ QVQ %OQ\ e SINK hao level O, sowcce ‘has level
ARN=0, UH=n
* edges (im ¢ o\gaemg down <1 \evel

?\I\S\'\ S‘\Q\N oY O‘S' VN ‘K‘Mo\(&s ‘\' B ‘§< ey

Push-Reldoe) Operahions 1“

SD= s ¥ neF
- l@B®)=1,  leve\=0 ¥NET

D Puagh Slow 0\\O‘,,% Socord @\3& o
@ RQ,\D\\OQX vex v X ‘\'o \'\\3_\&.(‘ \QNQX

(whle SNown ng, Yhe rules)



O A ""‘E’*Z;‘M? ;Egz&c @ Lobo\s/leve)s L2 V>R,

. . X Reloxtion oF clistances i jchual h
® capatily consifawts B in resiclual grap

oéS(Q)ﬁ. C.(?.) Vo €E S\\'\\< \"\0\5 \Q\lt\ O Sowee \‘\‘KS \QNL\ "
. “Ohheaci\'w,m'\' Sow 3&\’0 \h#sg AH=0, UN=n

e, SWE S S - 2 Sl ’ e’°\335 G cesid. g a?\b g0 down <1 \eve
D eI )2 AN NwDEE

CD P\AS\'\ Slow olon é gfocwo«ﬂ dée,
e=(WWNEEL w/ QA=A+ -,

. : S(wvyo :
u QC*\VQ u E (é\o.s excess Slow) E J
(snally) | e am— Q

S Tosiwe resdval cagocily
PN\\ as vuwch S’\ow &S ?osssb\o.. . -

min { C (Q) 5 L\D} Q(Eub lih

(excess $ow) = A(WY\

N ' ' ' L H
L ' 1 ' " H
H 1 1 1 I H
H
H
H - H H H H H H
N
L ] STy
S ¥
N ] 1 ' 1 H
H 1 1 1
N ' ' ] n
H
H

(ce aw\w )

@ RQ\O&OQX vertex Yo \{\é\\Qr \exe



® A WQ&:\;JME;E;ZERZQ @ Lobe\s/levels L. N>Ry, . . \/7
® capatily consiiawts ; " Relafion o clistances in °'5°’ al graph 5, $ j/>‘ +

0<% @)  Me€E 0 SR Y lewd O, souce s el e T |

A : E i i i ; : i

. nomeao‘\“w, wel Sow SNZO Wv#s: AR=0, UH=n : S T S

dere, SN E T S = S S . e,o\ges (w re\d. gmg\b 90 down <1 \eve
ee L) eI LW 2 A -\ N e Es

CD P\AS\'\ %\OW Os\Ohé gfc(‘wo«'&\ eAge, M-i_:::;> ."

2wy 290
= v

@ RQ\O&OQX vertex Yo \'\%\\Q.r \eve

W aC\'\vQ.j no Sovwosd Qc\ge, /\u\ B \,
Soe Fo st Llu)=L(wyr) /. Lo Sorviacd uléﬂ?

2wy 24
= Q¥



O A Pre&'\ow %'-E"'sz

= Relaxation oS Shws

A\ . a \ . * caputily const Cawals
30 L ‘“ . 0<5()< (@)  We€E

. V\Ohhe.adﬁwm'\' Slow 3(.020 Nu#ES

whe(e %LV) ég Z. SIQA,V) - 2. S’LV,\D
eeJ ) ecd'™)

@ while thece s adfive VEV-{515 0 e 2ves,

" Reloxdtion oF chistances in resio/ualgrap))

° S\\\\< \'\06 \ene) O, sowcee Yhas \evel M

@-\’ﬁl -\’D PV\S\"\ S'\Ow 0\;'( CS’\[ . AX)=0, UJ=n

e,cxges G cesid. 3""?\‘3 3o down <1 \eve
W) 2 AW -\ N wWEe Eg

- 1

: ! .

- 1 ’

: S ® 7 4y
N 1

- 1

N 1

N [

IR <2
° : : i i i : : :
Py é n S 4 3 2 i leve) O

@ Push Slow olong Serverd edge
@ Relobel vetex o \r{\%\\qr \ene

: : : N :
" ‘\!\as excess Slow ) “\ }\as excess Slow J

“ %‘\OW? (&F odone wox Stow! ) |

+ Posifive residuol i R . °
[ o ’ : pot o / Lo Sorwacd u\aa
! ““n \ ‘ ‘ % { \N b4 l(‘u) lzv\ 2.(:0 lzv\

= 2 = 20

¢ does T aven Tor mnaiel



D while there s adfive VeEV-151% : O A pedlon SER
5 ® capacily consifawls

@ '\'ﬁ, -\’D P%\\ S’\ow Q\Z‘( é’\] 0 <5()< (o) R XA

. © + nonneadfive net Slow SLNZO Nu#s
® shherwrse vAabel v "3
w\nu‘e, SLV) - 2. SIQAV) 2. S'LV tD
x eeJ ) e

@ Lobo\s/levels L. V""R>

= Rebation oF clistances in re_so/ ol graph
: o Sink oo leve\ O, soacce hhas \eved m
AD=0, UH=n
T ° e,clges G cerd. gmp\b 30 down <A \eve!
W) 2 2w '\ ‘4’ (y, \he E§-

»v

\ n..eh“;a

00

200

o
o

~
(7
o

@ Push Slow slong Socvard) e
 @Reldbdd verrex to haher \e)

* hog excess Slow P\ hos excess ow
w:y : v uk: T
N e residwal capaci N N - .
: Positive. ves Y : /3 Do Sorwacd Lﬁaﬂ E
l(‘u) liv\ 2.(:0 liv\
= 2w =26

w 0000000000000 000000000000E0
” 000000000000000000000000000°

m '.....................OO...

(4)
L

(BN
O



D while there s adive VeEV-151% ® A PQ&E?M:’ &R
® capacily consifawls
® ‘\’a’ Yo P%\\ Sow ox¥ &v O <5< @)  We€E
. '\Ohhe.g&“wm'\' Sow 3(.020 Nu#ES
where %(v) = 2 Sk -2 Sl
eeJ) IR O)
@ Lobols/lewls Lt V""ch

" Reloxdtion oF chistances in r?.sio’ua’graf:))

o SInk Wos level O, soncce \as \evdd M
AR=0, UH=n
T e e,clges (G cesid. gmp\b 30 down <A \Q.VO.\
LW 2 A=\ N we Eg

P TR
Y g S% K ::‘ e

n S 4 3 2 ES lew) O

® stherwise velabel v

- N

° :

. ° - @ Pugh Sow o\\oné Socworoh ec\ge,

[ ] [ ] N

. i @ Relobe verex +o \-{\3\\@' \ene)

N N . N . .

N N : : : : :

: : n i‘\z\o.s excess Slow .\[ l\“\.}m excess Flow . J

: : S m‘/ ' /§ tm Sordacd v_daﬂ §

[ ] [ ] . . N N

: . l(:u) lév\ 2.(30 lzv\
= AV = AW

[ ] o

[ ] [ ]

[ ] [ ]

[ ] [ ]

()
n
i



CD A Pre&'\ow %E\'R

N Relaxation o3 Shws

A\ ¢ . * capacily consttants
30 L ‘“ . 0<5()< @)  We€E

. nonhegci\'m, vt Slow SWNZO Nu#s

where SM Z. S — 2 Sl
eeJ) eed'™

CD Wh\\Q -\'\\Q_(Q. \3 QEYWQ, \Ie\/’is,'\’g @ Lobos/leveds L: V=Ry,

" Reloxation o5 clistances in ¢ eso/lg F))
S\\‘\\< o \ene) O, sowcee \nas \evedl m

@'\'ﬁl Yo P\l\ﬁ\"\ Sow ook & v e e

e,clges G ce5d. acogh) 9o down <1 \evel
® sthecwise vlobal v

W) 2 AW -\ N wWEe E‘r

i
N 1

- [

- 1

: ! .

- 1 e

: N
: S, Sad Yy
N 1

- [

N 1

N 1

A AR,
LN LT
® : : : : ; i ' '
. n 5 4 3 2 i leve) O
[ ] :

 © Push Slow along Serverd edge
@ Relobel vex‘\'e.x Yo \'\%\\Q.r \eve)

“ %‘\OW? (eF odone wox Stow! )

U }‘ G u l\“\; excess low \,

5 .’*“ﬁf“a ¢ 4 °

.-? ;e ) copech / P Do Sorvacd el

° Cunnva %_ ‘\’ e’ S I :

* does I een Tex IR



@ A peSlow S EVR,,

R Relaxation 65 Shws

. rd4 <
u “d Qr §T QY\O\ \hg ?(e's—\ DWS ® capatily consitawts
0<5()< ()  WeEE
-+ nonnegafive nef Slow SLNZO s

Lemma \é\' S’ ‘oe. o ?(33\0"\' e S = 2L ) — £ Sl

'ﬁ)eh - < o PO\—H,, cackin 3- w/ .................................. T | e
S(V) (s V\—Pﬂ\‘l‘lws Soc ol Vv

Y o———




U V\O\e:( § O\V\a.\n 3 “\ oo e,\sa

Lerama ¥ % yEV,

LD -2y) £ o\('x, \D |
where  d(y) = AsFonce W Yesiol. érqe\x

@ Lobos/lewe)s L: V>R,

X Reloxation oF chistances in resiclual J,raf)')

e SINK hos \eve 0, sowree Yas \evdd M

_,U."\’) =0, LUH="
2.0\326 (w cesid. gm?\\) 30 o\owY\ <1 \Q.\IQ,\
LW 2 AW -\ N WE Eg



. @ Lobas/leve)s £: VR

: X Reloxdtion oF clistances in resic/ualgraf:)-;
e SINK how leve) 0, sowcee ‘has \evel M
' AN=0, UH=n

LQ,YV\W\G V 'x,y Q\/ ) : 60\325 (i ce$id. qcogh) o down <71 \ewvel
LW 2 -\ N uWe kg
LK) "ﬂ\/) < A(’X . \D o e |

“)“Q"'e d(ﬁ(,\h = d\SYQhCQ .\\\ ‘('Qsia. é( qe\\ S’ T

U V\O\Q{ S\— O\Y\A‘\n g_ “\ ob e,\;

------------------------------------------------------------------------------

= dls N2z 2)- AN =
COTO\\OM'*". '\)O (S,'\'B’@G'“'\ \V\ VCS\Aua\ 8( Q?\,\.\

(alwo\y.s Gn (.S,'ﬂ" CM‘r n re.siol u\a, a’ro\?\’t
S QPG\\"O\‘\'QFJ 57 Q\rnp"‘&/ \oq Q,CS\



. B . O A peflon SENR;,
. ¢! ~ : . = : N Refaxdtion oS Shws
Uno‘exs'\'ano\mg predlows Undex&'xow\&\ng lobels = .

° c,upo\c.'\‘\y consttots
0 <5()< (o) Vo€t

Lewma V' § be o predow. Lemma ¥ %yeV, - romegalive wit Flow SLNZO ¥
Hhen & ¢ o Po?ﬂ's pa\c.kiv\g_ w/ 2(X - ,0,(7) < AQX/‘D e SN ZE 2 S = £ Sl

P : : eeJ ) eed't)
s(v) (S;VB‘P“-H‘S S—o( 0‘“ vV P whee doy) = distonce w Yesid. gfqe\x @ Lobo\s/lewe)s Lt V>R,

X Relxdtion oF chistances in resic/ualgrap)s

° S\\’\\< \'\06 \ene) O, sowcee Yhas \evel M
AN=0, UH=n

¢ e,cxges G cesid. 3""?\‘) 3o down <71 \eve

LQ"!V\\Q \S' | o\EXWQ., J‘\'uQ,Y\ | x(v)zl:m—:\ N (e By

. et
STy

2 < 2 L

~ =
: : : :
i : : :

n S 4 3 2 i lew) O

@ Pagh Slow olong Sorverd e
N\ - L : 3 J
X : ' ' ' ' ' | @ Relobal vertex o \'{\é\w‘ \ene

\ : ‘}\ms excess Flow : J (A\ ;\o\s excess Slow : v
> S ® o °
------ . ifve vesy i N . :
-, ,,‘ *},‘ : pos Y : /: Lo Sorwacd ulaﬂ :
v N N N .
20 20 24 ey
= 2 = 2w




Lemmo ?re,‘?\ows, LN>T5 \eve.\.s

15 5 s a Slow then

(D £ s a max Show.

@ there is emply \ayer 1) = n-i)

st Jor U= £ ,Q(v)f\k,
A7) is & mn (sH)-aaY

CD A Pre%\ow $: E\'va

R Refoxation 65 Shws
c,upuc. \'\'\/ consttots
0 <5()< (o) VetekE

. '\Ohhe.gci\'\wm'\' Slow 3(.0’0 NFu#Es

e SN E 2 S = £ Sl
ecJv) ecd'V)

@ Lbds/leds £:V=Rs,

= Relation oF clistances in e_so/ ol graph
o Sink Wos level O, soacce thas \eved n
AD=0, UH=n
¢ QAQQS G vesid. gap\b 4o Adown <1 \eve
2 2 ,Q(.Ub \ ‘4’ (u, \he E§-

X % yw/r‘\’

@ Push Slow slong Socverd) e
@ RQuoe\ vertex Yo \‘\.\3\\'2!' \eve)

" }\as excess Slow J “\ }\0\5 excess Sow v
 Poste vedd ooty / £ Do Sorviacd edgel
l(‘u) liv\ 2.0 liv\

= 2O = AW



Lemmoa ?re,‘?\owg LN>T5 \eve.\.s

15 5 s a S'/ow, “Hen

(D § s a max Sow.

@ there 15 W‘FI \aver .\G.f\;*,n—l"'j

st. Jor U= $.- ,Q(v)ﬂk
Q*LUD 1S 0 mn (s)-CAY

CD A Pre&'\ow $: E\'Rvo

R Refoxation 65 Shws
c,upuc. \'\'\/ consttots
0 <5()< (o) Vetek

. nonheaci’f\w vt Slow SWNZO Nu#s

e S ZE 2 Ha) = £ Sl
ecJv) ecd'™)

@ Lobos/lew)s L: V>R,

" Reloxation o5 clistances in e_so/ al graph
o Sink Wos level O, souncce Yras leve) m
AD=0, UH=n
° eelges G cesid. gap\b go down <A \ewel
2 2 /Q(.Ub \ ‘J‘ (y, \he E‘r

X % yw/r'\’

@ Push Slow slong Socvard) edge
@ Relobel vertrex o \'{\é\ﬂr \ee)

" ‘}\as excess Slow J “\ }\as excess Slow v
o———>e ) )
i Posfe veidel cpncty 3 / E Do Sorviacd edge]
l(‘u) lEv\ 2.0 lzv\

= 2 = QW



Lemma P eSows L. \> /BN \evels

15 5 s a 5'/ow, “then

D § is a max Show.

@ there 1s e,\mp'\l/ \over '\Gf\ﬁ,n—l}

st for U= tu: 2,
AW is & min (sD-0AT

.CD whi e thece s adfwe Ve V- {5'\"5
@ ¥y o push Slow owX & v
® stherwise vaabel v

when no Vs ae active,

S' i& A Yno¥ %\ow.

CD A Pre%\ow $: E\'Rvo

R Reloxation 65 Shws
c,upqc. \‘\'\/ consttonts
0 <5< (o) Vetek

. nonhega‘hw vt Slow SWNZO Nu#s

e SN ZE 2 Ha) = £ Sl
ecJv) ecd'™)

@ Lobos/low)s L: V"'\R>

= Relation oF clistances in eso’ ol graph
o Sink oo level O, soncce Yhas \eved m
AD=0, UH=n
e e,clges (G cesid. gmp\b 30 down <A \Q.VO.\
W) 2 2D -\ Ny, V}Q E‘r

Socwar:

@ Push Slow slong Socvard) adge
@ RQ\O&OQ\ vertex Yo “\3\\‘2-( \eve)

W ‘\é\o.s excess Pow 1, “\ }\ms excess Sow v
! ot veix ; : Y . -
: Positive. residwal cagacity : /E Do Sorwacd ulaﬂ :
l?.(‘u) g_i,,\ 10 o0
= AW = 0w



CD A preSlow $: =
= Relxation o5 Shws

(A\aOf“\‘\Vb * capucily conditants

---------------------------------------- 0 <5()< (o) A=

@ W\'\\\Q -“\QX'Q- W O\Ex\\ll ve V- {S-\AS : m““egci’ﬁwm'\' Sow SWNZO ¥v#s

: : e S = 2 S = £ S

. - eI eed™)
 OFy o puoh Slow o v 1 @ e sen,

: : o Sink Yoo \evel O, soncce has \evel m
| <! > . 1 AN=0, UH=n

E 6“\Q(W\§Qo (er\ QBL\ V E ° 60\3% G cesid. gfa?\b 30 O\OWV\ <1 \Q.VQ.\

20D 2 A -\ ‘4’ (y, V}Q E‘r

- ]

N 1

- [

- 1

N )

: o
: S’ Sd Ny
N 1

- [

N 1

N )

N 1

:

Now we know w\\y a‘&o s corcrect
. , @ Pash Slow along Socverd edse
ne)d. : rM nﬂ\f\g -h me @ RQ\O&OQ\ ve.\‘f‘\'e.x Yo .\“.%W \Q_\QX

" ‘\é\o.s excess Sow J “\ }\0\5 excess Slow v
.M> ® [ [ ]
: Po&'\‘\'w!_ e m?”—"\"/ : / E thv S’an tx ulaz] E
oW ) oW )

= 2 = 2w



CD A Pfe,&\ow % E’R

(A\aof “\‘\\Vb ® capacity :/Z}:;( 52‘4:5
P OLHDE () Yok
E@ w\n\\& '“\QX'Q. W alwe VEV- {5-\'\5. o ronmegie it Shox SWNZ0 ¥uts
: P e SW0F 2}_& S - % S
: ee e
L' @ -r(\, -TD P%\'\ S—\ow O\:‘ é— V E @) Lo&)e,\si \/Z\II:\S ;Q.d V-’"R o,
'lr: . : o Sink Woo level O, soncce \ims\vc\ n
S : ® S\'\'\Q.(w\ée, \"Q,\QBL\ \Y} . LN=0, UH=n
: _________________________________________ : ¢ ng% (i ce\d. gfae\b 30 down <71 \evel

’
" W) 2 A=) N e E‘r
i S .
|
1
)

Two kinds o5 pushes:

® Pagh Slow odong Socvard) adse

@ SQ’\’V\V Q_\;\\I\é @ V\é\\ @ Relobd verrex o \r\%\\qr \ewe

wses oll capoctly o zclge :’@ ;
(@ Non-satiuc GX\ng push |

mnsiead ?uss\qes out all excess S\ow S’(om V

N )
= 2



e P
(D while thece s adwe Ve V- {5'\”5
E @‘\'(sl '\'o P\AS\\ S’\ow OWY OS' V

E @ stherwise Yo abel v

we \N\\\ bw\ndﬁ

® ¥ 2lob e,\\hgs

@ ¥ soXueahh hé_ 9\1»5\-\
@ﬁ' Non —SAYWY o(‘f\hé P\AS\‘\QS

- ]

- 1

N [

- 1

N )

: e
: S’ L7y
N 1

- [

N 1

N )

N 1

:

CD A Pfe,%\ow % E’R

R Reloxation 65 Shws
c,upo\c.\\'y consttots
0 <5()< (o) VetekE

. '\Ohhe.aa‘\'\wm'\' Slow 3(.0’0 NFu#Es

e SN E 2 S = £ Sl
ecJv) ecd'V)

@ Lobos/lew)s L: V"'\R>

= Relation oF clistances in eso’lg raph
o Sink Wos level O, soncce Yhas \eved m
AD=0, UH=n
e e,clges (wn cesid. gmp\b 30 down <A \Q.VO.\
LW 2 A=\ N we E‘r

@ Push Slow slong Socvard) e
@ RQ\O&OQ\ vertex Yo \-{\é\m‘ \eve)

: has excess Show \ hos excess Slow
oWy -V w, iV
: ——>e () °
t Positve ves i H - .
: Positive. residwal cagacity : /E o Sorwacd ulaﬂ E
. l?.(‘u) liv\ 2.(:0 livh
= 2 = 2



i@ while thece s adve veV-{s1%
@'\’ﬁ, Yo P\AS\'\ S’\OW OWY OS'V
©® shherwise vaabel v

LQY“MO\

(3 e\obels) € OGD)

. O A pre%\ow %'-E-"RZO

R-'Rel«z)(a'hfm b:; SLMS
e c,cnpo\(‘.'\‘\y consttonts
0 <5()< (o) VetekE

. Y\Ohhe.aciﬁw wb Sow 3(.020 Nu#ES
Where, S = 2 ) — £ Sy
eeJ) ecd'™
@ Lobels/levels L. VQ‘RZO

/C._Ko_/oxﬁ'lm\ 05' oh‘s'hmces ih (%iolua’&raf:))
° S\\’\\< \'\06 \ene) O, sowcee Yhas \evel M
AN=0, UH=n

‘ e,cxges G cesid. 3""?\‘3 3o down <1 \eve
W) 2 AW -\ N wWEe Eg

@ P\AS\'\ %\ow O\\Oné %OC \WONO\ 2&3&

@ Relobel vertex o \'{\3\\'2.(‘ \ee)

" ‘\!\as excess $low J “\ L\as excess Slow v
| Dr——— ) °
D fostve reddud copacity / Cre Sortacd daﬂ
W ey Py o

W
= 2 = QW



D while there s adfive veV-1sts:
@'\'ﬁ, Yo P\AS\'\ S’\OW OWY OS'V

® stherwise vabel v
Lemmm

(¥ Solucat gy ?\As\\e@ < Olm Q

(Ol per eo‘ge)

2

A Y
w‘fﬁ‘b@
c_

yE

U

20D 0LV =2(w) -\

" é‘\zas excess Slow J

M A Pre%\ow $: E\'Rvo

R Refoxation 65 Shws
° c,cnpo\c.\*ry consttonts
0 <5()< (o) VetekE

. nowaam vt Slow SWNZO Nu#s
e S Z 2 S = £ Sl

eeJ ) eed'™)
@ Lobo\s/levels L. V""R>
" Rebmation oF clistances in e_so’ ol graph
° S\\\\< o \ene) O, sowcee \nas \evel n
D=0, UH=n
° ec\g&s G cesrd. gmp\b 30 down <A \eve!
20 2 2w '\ ‘4’ (y, \he E§-
P S i ’
: \ ,,__,,,»a
n s« é a1 m'\o

@ Push Slow dlong Socword ede
@ RQuoe\ vertex Yo \‘\.\3\\'2!' \eve)

“\ }\ms excess Sow v

P ——— [ J [
. Postfve vesidual copacity o T :
: Post : /: Lo Sorwacd o_daﬂ .
2w 20 2w [1&)

= 2 = QW



" . . : . A Sow TENS
:@ w\'\\\& There s afwe VGV'{S,‘\'\S: ® e &—Rdaxaﬂjé %wsR'b

| : ® capacily consifawls

i ® Ty o push Now owx &v ' 0<5(< (@)  WeEE

; ® SPherwise. (Q\O\BL\ y E . “Ohhe.aciﬁw. wt Sow 3(_020 NuES

. : AL

------------------------------------------ L e ST Z W) — 2 D
mem © eI ecd'W) :

. @ Lobas/lewds £:\aRs,

X Relxdtion oF chistances in resio/ualgrap))

ﬁ' “on‘sﬂ“(. < W\ z) e Sink Woo \eve\ O, soacee has \evel m

AN=0, UN=n
e e,clges (wn cesid. gfae\b 30 down <A \Q.VO.\

o
w AW 2 AN-\ e B
i S : : : T :

T — §®P b Slow along Secward: e
rdabd vi OB ot

. : P : :
* : n ‘\!\as excess Tow J (A\ }mg excess Slow v
\“‘ S w ‘ — : — 4 ®
m \“3 ° 5 ; Posii cagaciTy ; /E o Sorwiacd u\aﬂ s
. 2w zi«s 2.(.\0 F.Ev\
: =2 = g

v~ SQY. («s\'\? A& ¢ -\
"fﬁ\d\\ wecease o §-ﬁ' O(mnl



@ while thece s adwe Ve V- {5‘\"5

@ ¥y o push Sow ort v

® sthecwise velabel v

.\_

(3 o\obels) € OG2)
(3% Solucar gy \:\»s\neQ < Olwn)

H vnon-salu,
Pwshes

< Olm 6‘)

Olmnt)

CD A Pfe,&\ow % E’R

R Reoxafion o5 Shws
® capacily consitawls
0 <50 (o) Vo€l

. nonne,aci\'wm'\' Slow 3(_070 Nu#s

e S ZE 2 Ha) = £ Sl
ecJv) ecd'™)

@ Lobo\s/lew)s L: V*‘R

" Reboxation oF clistances in wlig raph

e SINK hog leve) 0, sowcee \as \evdl M
AD=0, UH=n

. e,elges G vesid. gmp\b 4o down <71 \eve

LW 2 A=\ N we E‘r

@ Push Slow slong Socvard) adge

@ Relobel vex‘\'e.x Yo \'\3\\'2.(‘ \ee)

" ‘\2 s excess Slow J “\ L\ s excess How ! J
0,_,? [ ] ® °
: posit foet : /E Lo Sorwacd o_daﬂ :
l(‘u) lEv\ 2.(:0 lzv\
= AV = AW



(D while thece s adwe Ve V- {5'\”5
@'\'ﬁl '\'o P\AS\\ S’\ow OWY OS' V
@ stherwise Yo\ abe) v

Bo‘)’ﬂeheck was hon-sat Mrar\’ing_ Pus\'\es

N ]

N ]

N ]

N ]

N 1 ’

: N
: S’ T
N ]

N ]

N ]

N ]

N ]

:

CD A Pre%\ow $: E\'Rvo

R Reloxation o5 Shws
c,upqc. \‘\'\/ consttonts
0 <5()< (o) XA

. nowaarm vt Slow SWNZO Nu#s

e SN ZE 2 S — £ Sl
ecJ(v) ecd'™)

@ Lobo\s/leve)s L. V""R>

" Relation oF clistances in eso/ al graph
o Sink Wos level O, soncce Yhas \eved m
AD=0, UH=n
e e,clges (wn cesid. gmp\b 30 down <A \Q.VO.\
LW 2 A=\ N we Eg

5 4 3 2 i leve\ O

@ Push Slow slong Sorverd) adge
@ RQ\O&OQ\ vertex Yo \‘\.\3\\'2!' \eve)

W ‘\é\o.s excess Pow 1, “\ }ms excess Sow v
. e————>e ° °
t Bosite vesx ; : v -
: Positive. residwal capacity : /E Lo Sorwacd ulaﬂ E
o 1) W ey
= AV = 0w



Tcp c)owh p\:\s\w X Q\O\\o z,\
D while thece s adve vEV- iS'\’E
‘ \Q‘,“f \Y} :QE\'\WL W/ \'\\3\\«3\' \Q\le,\

@ ¥y o push Sow o v
® stherwise velabel v

. :
. !
. .
s 1 1
N H - H
N 1 . PO 1
PSS
N 1 v 1
N ] 1
N 1 1

.

.

CD A Pre,&\ow % E’R

R Refoxation 65 Shws
c,cnpo\(‘.\‘\y consttonts
0 <5()< (o) Ve€E

. nonmaci\'wm'\' Sow g(_v\"O Nu#s
whete SM 2. Saw) — P Sl
eeJ ) ecd'W)
@ Lobos/leve)s £: V>R,

" Rebmation o5 clistances in ¢ w/ié} raph

e SINK hog leve) 0, sowcee \as \evdl M
AD=0, UH=n

‘ e,cxges G cesid. 3""?\‘) 3o down <1 \eve

LW 2 A=\ N e E‘r

@ Push Slow slong Sorvard) e
@ Relobel vex‘\'e.x Yo \'\é\w‘ \eve)

I Ton TR et §

- le—>e : o
;POA\""VLW-S\ capaciTy ; /E Do Sorwac chlg E
. lzv\ y E.Ev\

: 2w 2w
= 2 = 2w



Top-down push-reloba) O A rd TR
"""""""""""""""""""""" L capucily constaanls
@ w\m\& Thece s adwe vEV- {5‘\"5 0 <5()< @)  WetEE
‘ \eV y= Qé\'\‘(Q, W/ \“3\“-& \Q\IQ,\ . Y\Ohhe,éd“%m-\_ Sow SIVNZO Nv#s

@'\'ﬁ, Yo Pv\s\w FNow o &V e W= e%(y :f(m e%(zcvn

® o‘f\wexw'\se, (Q)O&)Q.\ \Y/ @ Lobos/lew)s L: V""R>

Sttt ted e bt 5 it b el o

° S\\‘\\< Mo \ene) O, sowcee \nas \evel m

L AN=0, UH=n
mmm ¢ ec\ges G cesid. 3««9\0 3o dowy <71 \eve
(‘“’ \ ‘o \ < O('hi 5 x(vwzxa:m-:\ ¥ e E,, |

c2\obels) € O() e

(S puchad) £0Gm)

@ P\AS\'\ Slow O\\On% %’MM 2336

mem @ RQ\O&QQ\ Vex‘\’zx o \'\\3\\'2!‘ \ene
: : I :

-hsexess‘:\w \, \.;\sexe.ss%\w \I

ﬁ' “on_sd‘“(. < d' 1) 4 .:;—:m‘ . }. Cre Soriacd ol .
PUwshes — mn I T S

Lared?



_____ Topdown puth-cdlabel D A g SiEok

@ while there s adive VeV-{51! Copacity consitats
| @ \oF v=odive w/ g leve) | 0<S( &)  Ye€E
i @'\'ﬁl Yo PWa\f\ S'\ow OWY GS'V E . '\Ohhegci\'iw nel Sow 3LV\ZO ¥y#ES

LQ\”’\MO\ | © stherwise rdabel v L e SOEZ S S - £ 5
eeJW) ecd'™)

@ Lobels/leve)s L. V""Rzo

B non—safu) < OL3) e
p\hS\'\Q,S o AR=0, Ud=n

e e,clges (wn cesid. gmp\b 30 down <A \e,vo.\

PfOOS'. L2 U1 NODEE,

SUPPOL. Non saTur. Pt Svorm V

@ Push Slow slong Socvard) adge
@ Reldbdl verrex to hgher \e)

6 " ‘}\as excess Sow J “\ }\ms excess Show v

' L = ! o °

'P { Poste i concly” 3 / i oo Sorviacd edae]
l(‘u) g_E,,) ﬂ:‘\ liv\
= 2 = 2w




TOP"C)DW\'\ P\AS\'\ =< Q\a\b z.\

D while there s adve veV-§{ 5,-\:52
\e¥ v=odwve w/ \\'\3\\13'( \eve) !

@'\'fxl Yo P\l\ﬁ\'\ S'\ow OWY OS'V
® stherwvse ¥ dabel v

Le\mmm

(3 e\obes) £ OGE)

Le\mmO\

(¥ ol u(&\\né Q\As\\as\ < Olmnn)

LQ\’Y\W\O\

H vnon-salus, 3
Pwhes < Oy 7

= O(Y\SB Time owecol.

R‘Rejlzxa'hoy\ og 54»«3

® A preSlow SR,

* capacily const Covals
0 <50 (o) Vo€t

. nonhe.aa‘\'iw wb Sow 3(@20 Nu#s

Where, S = 2 ) — £ Sl
eeJ ) eed'™v)

@ Lobels/leve)s L. V‘”"Rzo

X Reloxation o5 clistances in re_s/olualgra,a)’)
° S\\’\\< \'\06 \ene) O, sowcee Yhas \evel M
AN=0, UH=n

© Q,O\g% (wn cesid. 3“‘?\0 30 o\ow“ £1 \Q.VQ,\
L) 2 AW -\ N wWE Eg

:
:

:

:

N ~

P

yeme

Se &

;

:

:

.

:

CD PU\S\'\ %\ow O\\Ong %ocxno«'é\ 2336,

@ Relobel vertex o \{\3\\@ \eve)

T }\as excess Slow J (A\ ?as excess Sow v
— o o
. Posifive vesk i : . °
: Positive. vesidual cagacity : /' Lo Sorwacd ulaﬂ :
l(‘u) g_i,,\ l.(.\h ey
= 2 = 00m

(beite?)



ToP- C)owv\ P\AS\'\ -< Q\a\b z.\

D while there s adve veV-§{ 5,-\:52
\e¥ v=odwe w/ \\'\3\\13'( \eve) !

@'\'fxl Yo P\l\ﬁ\'\ S'\ow OWY OS'V
® stherwvse ¥ dabel v

Le\mmm

(3 e\obels) £ OGE)

Le\mmO\

(¥ Sol u(ot\\né Q\As\\as\ < Olnn)

LQYY\W\O\

H vnon-salus, 3
Pwshes < Ol (bered?)

= O(Y\BB Time owecol.

® A preSlow SR,

R‘Rduxa‘hon o§ 54}\/«3
* capacily const Covals
0 <50 (o) Vo€l

. nonhe.aa‘\'i% wb Sow 3(@20 Nu#s

Where, S = 2 ) — £ Sl
eeJ ) eed')

@ Lobels/leve)s L. V‘”"Rzo

X Reloxation o5 clistances in re_s/olualgra,a)’)
° S\\’\\< \'\06 \ene) O, sowcee Yhas \evel M
AN=0, UH=n

° Q,O\g% (wn cesid. 3“‘?\0 30 o\ow“ <1 \Q.VQ,\
L) 2 AW -\ N wWEe Eg

:
:

:

:

N ~

P

yeme

Se &

;

:

:

.

:

CD PU\S\'\ %\ow O\\Ong %ocxno«'é\ 2336,

@ Relobel vertex o \{\3\\@ \eve)

u }\as excess Fow J (A\ &\ms excess Fow v
T { ® °
. Posifve vest i : . .
N frme e N /E Lo Sorwacd ulaz_x E
l(‘u) !I.iv\ l,(.u) liv\
= = 2



CD A Pre&'\ow %E\'R

N Relaxation oS Shws

B non-saluc, I
: ° Capual\Vy consttawsts
p\“\\% O ( n ) PCCJA < ;/(Qﬁ @) MetE

. nonhegci\'\w vt Slow SWNZO Nu#s

P(Oos'. § —t 2\ wW: l(“h < LLv)\ Where S e%(y :IQAV) e%(%;(vﬂ
v acfive @ Lbas/lewls £: VR,

X Reloxstion o clistances in ¢ eso/lg F))

rﬂM-’ Sfi\’“f. Eub\\'. A i L\' i“ e SNk hog leve) 0, soacee \as \evdd M

AD=0, UH=n

= tolal Mnereose oy O(mn \ e G e g0 down 1 \ewed

LN 2 LMDV NwIEeE
Non-satuc. push ot v: AB -\ w: A= -,Q,(ﬂ\ S~

Lerwno

|
|
|
|
N ~
: .
.
.59 Ay
:
;
|
N 1
N 1

g \wi 2000 2k

‘ N\ w/ kl‘so @ P\AS\'\ %\ow ox\oné %ocworé‘ 2&3@
N\ . : .
' S‘M\\ ‘S' \ W: Q(,W\ =uv3\ sk @ RQ.\QBQ\ Ve.\:"\'Q.X '\'0 \'\\3\\'2.(‘ \Q_\QX
: : : N :
. " . }\as excess Slow . v “\' Lm excess Show . v

@ while there s adwe Ve V- {s'\"s
. \o:\’ N= Qi\-\vt W/ \\ 3\-\«-‘( \QVQ,\

On<) Srel pus\\q,s _____ Top-down puch-velaba)

@'\’r Yo push Sow oa¥ v

-\-\'\e’h $€l‘ k: m E ® 6\'\\e,rw\.se, vdabel v



CD A Pre,&\ow % E’R

ﬁ- novn- Sd‘“( ( 5 R Reloxaion 5 Shws
' * capacily const Covals
p\hﬁ\\% O n ) 0% ;/(Qs (@) eEE

. nonheaci\'m, vt Slow SWNZO Nu#s

P(Oos' § = 2\ w: LW < LLV)\ et W Z 2 S — 2 S

v odive. eeJ) eI
\ :
: @ Lobos/lew)s £: V>R,

X Reloxtion o5 clistances in ¢ e,so/I3 p))

Ve.\a\oe.\ SOV, ?us\\' Ai L\[ £n o SINK Wao leve) O, soncee hhas levdd n

AD=0, UH=n

= 1elol increase oF Olme?) 2K “momrhy i o
Non-satuc pwsh &Y v: A§=-\M\ A 3
"G W \w kgl 2k Wl kTED T
Ao, OLmn/ ) b\a pdhes | © Rush Sl olong Socvord el

@ Relokel vex‘\'e.x Yo \'\3\\'2.(‘ \ewve)

Lerwno

et N
: 0:_,? [ ® °®
: Posifiv | cagocit ; /E Lo Sorwacd ulaﬂ s
l(‘u) lzv\ z[u\ E.Ev\
= AV = 2

TQP' éown p\r\s\-\ \’Q\a\b 9.\

@ while thece \s adwe Ve V- {5'\'3
. \e¥ v=odve wl W 3\'\(‘( \eve) !
@'\'r Yo push Slow ow¥ &rv '

i ® s\‘\\exw\,.se, rdabel v



O A Pre&'\ow %'-E"'sz

ﬁ- nov- Sﬁ“{) E K Relxation o5 Sbus
* < ( p R r ) * capacily consttants
p\hﬁ\\% - O n m 0% ;/(Qﬁ @) MetE

. V\Ohhe.adﬁwm'\' Slow 3(.020 Nu#ES

P(Oos'. § —t 2\ w: l(“h < LLV)\ et W Z 2 o) — 2 S

v a("\" eeJ) eed')
we :
@ Lobo\s/lewe)s Lt V>R,

X Reloxdtion oF chistances in resio/ualgrap))

rﬁ\ﬂk&\ [ 5(';\’\“'. Pub\\: A i L\' i“ ° 5\\’\\;< Woo \ewel O, sowcee \nas \evedl m

ARN=0, UH=n

:> . < : eelges G ve\d. 3""?\‘3 o down <71 \eve
Tolol Werease o Olmn') i By

Non-safut. push &Y v AF -\ w: (=) N

"ol 16 \wi LRk W/ kTRD
cloawm. OGHK)  sel) pushes @ Pk Slow olong Secverd) elge

@ Relobel vertex o \'{\é\w‘ \eve)

Lewwno

: : : . : : - 5 N :
: : < ‘ - kwa.— d : , M : ‘}\as excess Tow : J “\; has excess Sow § J
: : E\E s B il o °
——!W\ 7: - Positive. vesidual capacity - /E o Sorwacd u\aﬂ E
h i

2w (&) 20y [1&)
= 2 = 20

g Al o Toprdown pudhocelabs)

; i i i @D while there s adfive VQV’{S,‘\"SE

: ! I ! : E \o:\’ \[:Qi“‘(t W/ \\\3\-\«3‘( \eve,\i

1 1 o ! Ofy o pwh Sow ot v
: ; ® stherwise. vabel v




CD A Pre&'\ow %E\'R

N Relaxation oS Shws

B non-sale, I
: ° Capual\Vy consttawsts
p\“\\% O ( n ) PCCJA < ;/(Qﬁ @) MetE

. nonhegci\'\w vt Slow SWNZO Nu#s

P(Oos' § = 2\ w: LW < LLV)\ et W Z 2 o) — 2 S

o : eI eed™)
oci\we @ Lobols/leve)s L. V""R>

X Reloxtion o5 clistances in ¢ eso/lg F))

rﬁ\ﬂk&\ Sf;\’\k‘f Pub\\' A i L\' i“ ¢ Sink Woo \eve\ O, soacee thas \evel m

AD=0, UH=n

_> %— I . e,clges G ced. grogh) 30 down <1 \eve
TOTQ\ ‘“C(zase' “ f o oo o o o o _: : AW 2 UAD-\ N (u,\he Es_

non-satuc. pwsh Y v: AB -\ w: 2w -!L(ﬂ\

Lerwno

1
i
i
i
N ~
1 .
N
S ® S 7Ty
H
i
i
N 1
N 1

g \wi 200 2k

N N\ w/ kl‘so @ P\AS\'\ %\ow ox\oné %ocworé‘ 2&3@
N\ . : .
' S‘M\\ ‘S' \ W: Q(,W\ =uv3\ sk @ RQ.\QBQ\ Ve.\:"\'Q.X '\'0 \'\\3\\'2.(‘ \Q_\QX
: : : N :
. " . }\as excess Slow . v “\' Lm excess Slow . v

@ while there s adwe Ve V- {s'\"s
. \o:\’ N= Qi\-\vt W/ \\ 3\-\«-‘( \QVQ,\

O<) Srel pus\\q,s _____ Top-down puch-velaba)

@'\'r Yo P%\-\ Sow ot &v

-\-\'\e’h $€l‘ k: m E ® 6\'\\e,rw\.se, vdabel v



TQP‘C)DWY\ P\AS\'\ < Q\a\\)z.\

@ whi iz thece 18 adlwe Ve V- {5‘\"5
‘ \E\' N = Qé\'\VQ, W/ \\\3\-\5\' \Q\Ie,\

@'\'ﬁ, Yo puth Slow ok v
® stherwise. vabel v

Le\mmm

(3 e\obels) £ OGE)

LQW\MO\

(¥ Solucan gy ?\AS\\QQ < Olmn)

LQ\’Y\W\O\

m -
o) < O

=7 O m) Yime ovecol.

CD A Prg%\ow $: E\'va

R Refoxation 65 Shws
* capacily const Covals
0 <50 (o) Vo€l

. nome.aa‘\'iw wb Sow 3(_%’0 NFu#Es

where 5(0 = 2. S — 2 Sl
eeJW) IO

@ Lobo\s/levels L. V‘”"R>

X Reloxation o5 clistances in esol 13 PB
o S\\‘\\< Yoo \eve) O, sowcee \nas \eved M
AD=0, UH=n
° Q,O\g% (wn cesid. 3“‘?\0 30 o\ow“ <1 \Q,VQ,\

200 = 2w -\ ‘4’ (y, \he E‘r

AN W ot N
: ‘Sa N N —>,,,=»/7 ?
é “Il 3 5. i leve\

@ P\AS\'\ Slow o\on% %ocwo«é\ 2336

@ Relobel Vex‘\’QX Yo \r\\%\\qr \eve)

M.}\sexess‘r\w \, (A\;‘ excess Show ty
o————e o .
o il eedhy / £ Do Sorviacd eldgel
o a0 2 o
= gom = 2w



