/ A»m@oug (s

. el - Vbr(obr :
ADH Ut Aws@wauaﬂq Nejr%&)erk @Pjriuiemug

ewaild wit %('req, “A’DHE"

1 Vzrkq,(«r Lma( jr:@&sge, Gn roe_‘f. moe'-«m'm‘q)(zé){u~ﬁzea€.'u_%

&l Dus &s;smm a,lr sxlqiriscLem \/érko_hr—
( L,

(. ( G\'{Auo{&k%@'\

Qus(zr(nwr =D Stqln's‘Q% %FQJ @Iu QiR Stecw ol

=~ Yau daid &«ss wetloden  au weuolboor

K, < ?&ssweﬁ/Ze{l&‘u&g&{- Om(; adle (are) a

Dgragt G =(V,A)  wodellied Shefeack (Al = meaw [fi B

Start~ il kwlew\ﬁQQvP CS,(}{_L,) ke (C= %C?«“Q,Q Ao G'Jw(wroa([{(es)

fMi{' rDewow& Ce!( = ?'eusshm%g

TZMBS 'b(uf}zo\-‘v\ gk){’k kaku Ql'(Q M(-QL):'\() a«C??Q/Qk(
( SLQL\JA@ TR | suwvel®  weuu o) 8:0{[> )

'IM.LQ.-&((‘LC(‘M 'LLW'S:»Q.Q« WSQ;Q&R&( (Sk)‘égz) OL(M(Q COIA%QpL)CM C-QFM )

Tlss X, @l Kal o lertwsall eiw Qeucs&(aiikg,('%p ol 2 T (%)

4 Ta(a)
/ (Bbcy | Lalews )
/ ket ok sleL‘fj; (Stfeag) e toy
— D Xq wchwaf
28 ) = 7-—:'(1‘(' x(%)ﬁ)
1 A

\

Free (o0 Fravel fite Uy = prachicd c;t?occh(;/




T/a' Cxq \

ol

Tass (5, b)) daslelbo o Kawks (R
[ Fluse Gz«\[] kauk [\

OGXZT QZ) ?C(MX Q&(SS x? = —__

o
5 1-Fluss

° Zerlegung in gerichtete Wege und Kreise (nicht eindeutig)
e

FON

3

g vae /@ﬁ
o Y

e
zugehirige Linearkombination
0

| fa 3 1 0 0
fs2 2 0 1 0
f1o RN 0 0 1
fiy f=dsf =31 *Zlo| * o

| £ 1 0 0 1
al 2 0 1 0
f21‘




= a

Flasse geme,, A ?Caozp@.issg = L&Suur&ﬂy eMJchQﬂa, ((tz:w Kueite

?k 9(144(%2 0(9_) Csk;{?,l(> ?pu(a«eo_ chagA 'anrk)&u Oﬂ{_t,\il!ukl' )

? - (D
L %,

Eoo Plad{luss  x s mfoisszg,

o= > 2 R o{k V ke &
TE S
Xo ¥ O
I‘kews[e;,.“ CCx)  @wes ?Q&L{O&As;&;
P Yo+ Ty (Xa) = Gmc«m{g‘q\wwL (U@kh@f&ghq)
a€h -
= 2 5 (2 mlw)
Pe 7 6 €
(N
= 'Z__—PC)()
0{2)4:4 xq = 7 X-P —p ? ’l\/q \‘{{"'a} - Z (Z ¥ ) QCY) -]
Pe? o a P R }
CEP P3a /
L = EXPZ quen.) {
P GETP ,!
CP(X)
@Ql&&.rl(qu-' k(’;LLLLQL( [{ogﬁ?« &uc‘Q G,@“&QW&W Qﬂ" ”ka""ﬁe"‘k‘as&"" &L’G’Q[’Q'
Ca ()
=g CC&() = Z Ca (54)
< ( k
(_———— Kouoey
Uiee © Calxg) = Xq° Tulx) ( i Weilewe oy Kowvex Wa«by’»ﬁh{‘)




(2 Do gysﬁamoﬁiuuw CSO)

?&0‘@&!44 O W iu C.()()
wibes 2 Xp = di V ke C
Pe ‘Pk ‘
Xo > O

‘TuuuQeRJug ((QL prmﬂeﬂﬂ Ur'e,@ uk«nq-g‘g

e me,oww(em@ bab  uer w0 Uhnoll

Oeen> qu(ﬁaﬂ&l% lui- [(b’}ku C.[Y) kamu Ozui& ?Qmopdpkw}pos{ﬁ.‘q,,

g ol (luss  wik oqﬁn,,g-e‘, kosew  Keushizjerd ooy,

=o |e; konweve Zefpuuk{na( C&)  kmee So

wk wupcr/ﬂjmkx-ob(lz fu f?ogyu 2&L (oeuegue,l Q)QMQQM

7 L (9r} amC Qofoﬂw% é

/
gxwr o Ne%@?dfiukguu&u i V"Q}’“‘ %! Sszromafoqr sewol

0 R78) MitQ¥Z'u2°¢w QI‘LQLF-'

ko vex €8 Sepouq[;«és M('!S?{‘Q(u. O'P'[- ?o%‘« Leaib a@'wqm M@g@cﬁmqw;ﬂ,

1
— L(x) = XP'CFOO Cera,ml&w,g wedd  aneile,
P P
[ L |
= ? N chxq)
a €A

kowex =v QOL(«/Q% @P[n'uquw = S/QoLMQ% %Mum

Ophiwcalitilo Ceof . dlor  widi G,

©P6)WIQUZ(L(Q

C \C{al— ovoly Ccuo({%‘ca; ) kuL'u - (rekes Ee&zuquu% )

LU lewwae (Oﬁpﬂ(u&iuq,eiéé«lﬂwr 'pdr go)

Sew oy 0 (%)  kKowvex o drﬁ\cﬁr

Dapewr 05t e, Plad Peuss —() X o'pﬁfqu (w SO

—~J
o S R



G Q?I CQ“) < Q(i(@“) v ke wd ?Qqnfa ’P,Qe?k

il fi > 0
~ d ot
wh ¢ (fF) = 2 g alw) = 2 clx)
v e 0 ae?P

9_{22?:{@@ qu Ca () = X%'"CQC&J eo“gx'(aF o«d

i) = Tldg) + x-T' (%)

|

|

|
E—

l—

Bk

@ &‘u&l(ﬂ[@t C_ 5@742[21 SRUCL )

T‘eags QK ISL ona.Q OPL)W:;Q ('WAQJ\ b{’“&Q« keubext’{'g.\[)

> L&»quem«s ooer  Flese rm@ zuweu  audlese, (?@wf alislf ol kosﬁeu

> U«qag(iuoﬂm— Ge\u{v[w ) qu ufﬁ\l{éﬂmw\% Ol ?szs. oeotwatu‘g ?(‘,700( ,PE ?“1_

< luﬂr?@iw\/@ kGSL‘Zu 'gr,'.r L}zrﬁuol/g?_muﬁ Vo, AKuss éu‘{‘@w:qj ?anf Qe ?L,
— o (L) < ¢, ({¥)

@ .-TL,‘[QI P\)Q_}qLOW fL ?w@ Co, qu) = Yq_ ) -Zc [Xq)

r _
Ce(x) = T 01 + %7, Oq)
—— “—
vt oy ¢
Tl ] exlerig tosten

—‘%FKWE—GQ—W&:TH—Q—&aWLm/—

% ‘Edv cuolove bu(rzszf b{v‘wSQon»«

QYS[-E\MO{;L\'UAMM kqnu Ly 9oQQecR(rtw I.a{.'viﬂﬂmpfésuu&u Qtveu Crptsm W?D)

W) = Xf
sN____— 1t
T . = ron L [ N\[ \
d =4 = CLal¥Xq) = Kot =\I>+UL\-€) o
x
/ N
Ly 7 Opbiwea; bids Ceaf - Uﬁ%(x-x{;) = ﬁ((ﬁﬂ)((—a)-ly)




{ ]

(B+)- x Po= (pa)(lee)

=0 XI;= (~¢ =0 X = [}‘Vl (~g < | @dv e€>0 =v y >0

= i SO (ofieol, Bilol:

s
Foliel] ot T 04 ) S ((L—x'/(-ﬁ) = [~e <1 \7'(5

Tlaet wde (4P (1-2) — o {4 =

h {,
=v Z{MJS,Q

()’)0) (eser olzee 5\:(0"!3(’@—4 p«'w Ao, GeolueivwolR

L3 Do Wuley &,Quﬂ“gm&{ ( Ucey E?uig&u{uw ) UE)

“u}’i&/ s[unr{ Q.l‘k!..tw:{‘%[q s SurQa»u G;r S(uQ a&a JCQMEWS{-% [l)Qq
A\) \J 4 Ly

N/ Q

Em\/?&,gs -p s i Wouozmp Et}u';e'tabwu C[‘)WOQ“’P 9$2.)

e T () = (D) Y keC U TReT wit fp30

7/

Nash (atole 18T eflgounive GQL(Q%QM(Q\LQ L., uizgat—koo'pszm&ue g'/ieQe

eu. L. wwr Sikedioe Ceoloulel olies :

Ei ’LuQ Fluss ik, U@B~G@4‘c{f’&?&ﬁ&l CC{% E‘L}WZ'LN"WJ, OE )

= ke{u Du(/zm kd«uu Ki& OL,“(\,Q[ Ua(LQ 24ues fkuo(avea ?G)aozas

verhessere (e A awdlen i widd  Uesduolon )

e W keC V @R € F  wl 1‘Om>o

wol [ty ol O<es [y g

Dor Flugs Qg O&Z_c‘]\.{ferl- oleci 4

DE;=J 1\0@“5

[ e P=@ & Fhss gk
i fr +e _aiu =7 b R R
C'P Lonal

ottt Ty (£) < o (£€)




([——/\
L2 lewws ((OE = WE

Siwdl ol T, (x) sLeL;j wul  sckwad] wovoka sheigool ) o gl fuin

I S,

U,\xo(nﬁ mQa:ss;;“,u TRuss Q

giﬁ OE =o Q@L U)qroerop Eo{,u.’Z’Ln’mw

L —

—

rgewa:_s toloo - G&?C&;Smuj -0

Aufyolle £

Z,:&e'. keioe oo Geiolo (/ormmmﬁzceu&a., Keecen C&%\;&Qfaks% tweyolar,

UaBbecle oles OF

l> wid} OPL{wt\O (y gfuw O&A So

2,\ ((2[\42 é{wo‘l'wie (0“1 wiele S(Aq'/gl’.., 7{0 ((;,en'u&ﬂrre G@;&um“\ﬁ;ﬁwg&'-ﬂ-)

L3 '@zﬂp;& (?mess Faiaolox )

=
/ \ oL =1 UE :  sdicke "% CMWOWS bejoles  Plbol
\ / =vu Z?CX) = 23 CL,({\ de‘zw (?(:)o,o[
Coo = Z ¥ Ty = %
'P
Bave e schuslld SlieafRe e+ sicke A Z“W““‘Q‘ /l/?
r)‘ r ~
< Q=0(\> = Zp(><> = 2 ol diese, Plros
\“L/ -0 ((x) = 2

C(S0) ¢ >

g,Quow_Qy et dlos %O ((A.HLQI /euua.(atbual GQQSQ “cq(va‘) =£>0 O«E boeeos S[-’Q,/ée )

X< x+y+32 = |
¥ 2 ’ G lecQ et olar MAQI%(MQQBK kogaaq
7
J// 7\\) —0! ()('1— )'2,1_ d (f'X)
odxty) 4 olx




A Lo r o dog o -
(x+9)= 4 1) &y * dooend (r+2)

1) ) 0{(_)(1-\,/} Wrt2)
o o 2
\__2 - (21 * s (y«»
5.7
=0 SO ¢ / E,O\'Z) ki tluss Qag) Udeter S(-m'fag
() = %o

hap w8 S0 wud VB wilesfeicta,
Preie dey AwarPy = cC o) z 1 oA
/ C (o)

(& &SPNQ (’P‘5W>

D.zr (POA ((dd«t« (6(4 M[&C)f&u‘ ’(‘,q(yq)> MQ&% 84'0?'& MIOEQ(')

zq:XF 1
s -\/ \;-ﬁ d =1 ve: (% CLue) = 4
7, e

1
(; geop =0 VL fo»%;euola Qeatat f
——ltg—_,/l——-’)
o . Xa

~ € 4
(-e
?‘&(g (/ & LU\“‘ kos\zu\ ((~£>'(I_E){$ + -4 & 0
N Z <l A -
& ~0
‘VO ———
~0

PoA =~ L2 = L 2Okt

So. 0

( &,ﬂ@uaziué]-s Ge. <M clell, ?&[‘VZQHQ&MH‘(OW)

\‘f_—;cx&z: L;I-e 840177 1-5-[ 0&( ({%A 6@4 (@s uuup{[&ﬁu "-fa\élf?szrl ‘(’UMQ{L&"-@M 2




[, & rlge?,\'e[mugzw 'an'&QCH VE uwl SO

Qcy?a?,u s lowwa 00 wudd olor 'Dz.p oles (dcuofm!; E?a.'zew'uu«s

[owwa ((: [* st So = (f) < (") V& v2Qes it {’;>O

Def CE ool B < T () 5 5, (P) -~ -

Relationship between UE and SO LS Toposition

fisaUEflow < 1p(f) <1o(f) forallk
and all paths P,Q € Py with fp >0

fisaSOflow & cp'(f) <cg'(f) forall k
and all paths P,Q € Py with fp >0

n

f iS SO w.r.t. Ta(,Xa) = f iS UE w.r.t. ra(,x;;t_) =F ,X:azaf(,x,a) <M

Xa
f is UEw.rt. 7.(xs) & f is SO w.rt. xl Ta(t)dt \
a /0

- v

[Beckmann, McGuire & Winston 1956] /

Tuler Frre.kaffM \ /

() so st UE @z&Q dhor mr&«'w..@zu osle. &%«Q(XQ-QCYJ) ﬂﬂS?an‘&L{C\&wk‘lrcq

X
G) Ve st S0 O da TalewdChE.  Z(x) i fq [RADEY
K4 (9]
t’%’k\m o (Xq‘ 1 SC,(%)W%)\ = 7‘;(\@)
oA X, X /xa
VE it 90 Gl olos kosben (Kt L
; aEA 5

i}
— \
BJZQ)((*&Q‘«M (taus CU \Moz‘l‘(('h(




WA ?o&{ 2rteng

Q) w«k?f oo Verawssebucueps vor “op. (S st s OE P

Jamoewﬂw I fﬁulwé%s Ceplrituct

(2) meﬁ@z Pl P,Q e T wit fpro o200 plf woE L

() =T (f) = L ()

[aﬁﬂz Tuss (‘&'Lmuoe.w (Sk,'éRS“ [UQEQ L(QL@« of:e solle “Folor

(3) Ok uuo( 0 ké'w«eq mi‘ a&u%e@szu (a'(egbooeam ever?gwul Q’efdﬂf')

2 was :

O : OE » S Gy gfxqtn(&)dé
o

(1

5(1"(\4\3 o bolon ; d,ff(w, (Cou ooy

=0 Q’uofmt(d%@; OPG)IQA(A(AA

(2) po%( Qs raz(\ l.l)qmjz:o'p Ej}(xierladul«

(3) Kl wee ‘Bop. .S

L3 Flgoriug ( Haud gl loreec )

rPcef- (S ot (lgtks{s Gp{r Ug;[{eﬁm'&«kauﬁ &altgl HM‘P
L/um Wiy &u SO szQ G erl‘e,@u Q/i@?, wmuss  luay J«;Q Ha. b

de lostew o kanfe 2w T () + X TL0¢)  tewanden
) —

———

% Hauk
— Y

Teﬂm‘sﬂm\ Letd weac (uuhQuQ “Q[u /g-an}y&e oy RA)

S £ e wﬁi’ss{v;gr; (esles  Fless

Dic koslen eines wlissichn Flusser x nebabiv e TFalneik, @7@@ L
afs ety = 2T Tl x

acA




(.8 Qroposfi‘f% ( Swith 17, m@f“’-"s %0 )

{-‘ Seq 'MQ&SSCS a_,_u e w IMSLQQE U-u"l S(?L»éz@u, S‘ch.)qg wwo{'ouw Zq

Da(uu %,{2{

\crs E &> C‘Q C.C) < C(]Cx) V4 di.SSi\,\;t«A FQsse

.I(A[Qr!')re}qln'fmr OE -\0 u&.‘u.ih.d‘lr( diQ /re,oq{iuem ((o.sﬁeu C-C(Y)

&m{s '

= Poe = T ()= LCE) YV PeT owit Lo )

Ge
T ) > L () W GeB wl fg=0 7

Fos ecun Bl whissiga Thss gl dawe o <2 % = 2 (

©
Qe Ty e ¥
M = 22 L) fp = ZLWMZ L = I4M 2 x
K ?é?k k 'Pé?k k QC‘?&
1{.)?\0 fpro Xo >0
PN )
(¥) Uk _(1
=2 2 LBxg < 22 g% = O
k ek k ReT, =

3,
@ v

u

" cfe) <« cfoo W owd Teise x

Auu. f sl kein OE

~> Ak, @,ReF wil {oro wd T, (¢)> 7T ()

( &)Q\‘Joﬂ‘\'l‘w GZQ( CIJCHJIOP (&?Oz('u&uwj)

S x olos Tﬁuss/ ooy @us P -QMLSLQ({" y oo, ol Fess vae @

CWC oo, [1)0( R S’(bQ ki cud

- CPiey - CReo - Tel®) -l - T (R)lg

= () - fo >0

f I~ Py [ ¢ n-n M | 7
=0 X lab &lige aelalive Kesleo G {7, Wolosprd 7




L9 SAT2  ((Roudhqarodle., & Tmelos 203)
— vd UE
tar Oggc}u ~ /Qi ©QQ 6L MLJ&J Ck-[ Cq O(q) = & yq + )Zq UQ(Q — £

Wl

Ch
IS{‘ IBQ =0 Y a o o Uff_/_go = |

Zeves ( Shlz & Sfier 200¢ )

() S € eu UF Fless wuod x e Bl whassip Flnc

?rog? (€ =0 C(Q) = C‘(‘CC) s C-(\(X) = 2 Tq(p‘\> Xo

o €A

= 2 ) x ot 2 (L)

€A

P

sp e _

&<

/ < 0% - X, ey 9?01401[0\4'18

{

.

( A .

K) i e gi6fea C o ofp Go Fkt)

. ; —
Geyy 7% 5
’/% < A
NN ‘
pd {a
/6650 C—('@) < .? tq()(q)-)(q +,_E ? tq((;>'][)q
% €A T eeA ‘
- — ( )
Clo CrOH

- C(f) ¢ Cx) =o () ¢ gCCso




'(;-, i o welassige, thass | speried [ So

- B &
S0 CO9) 3
(BFMSS ?G(_MO'&)X N ()E =2 SO :§ =0 ()g/g{‘_) = 2;% - é((_-
1
&e&u @M. 'I&vadlﬁk{.
=0 SC’-‘((TQ%&(—Z ({-/g (‘5‘{' Sc[a(qrf
Beweis aoigh O frcdos Clx) ¢ Coo + %_ C () (L)

@) S To() = o -8 ol o =0 Y o

0'[3'[‘ Kn"l. ?c{v So -P*

v, () < () VE VPReT wil 5 >o

——
Z 2%, = 2 26 %
aep A€ Q N\
N
[{)mw(rop 2. ﬁ,:, OF -C Mo e on |
H_au\ﬂq.r Q7‘~«LIVWMI‘€
T? <Q> < % CQ} - e o
Z qu')(o. < Z ®q Yq / J (?QM ~r
ae?P KER -

\Ves OL@Q&,Q Muaruu\q‘ atq(l &ﬂaﬁﬁwu@ ELU Zm{-puthowz@

(AN

o hode P = 2L welll gof

) |
BRSNS N

Xa Lq ~o LE ¢ So + (.U
= R‘E < { 7
o =)




heliolbe 1,2,

Gefoe dow Bed oo fuarQie [ k2 03 vt L P

(.[O Calr (?w‘g(*l&olro(zu Q. TOJO(OS 2902—)

C(e) € C(S0 fur o ohoppelies Deancd )

Posi e Iuc-b'p—re fa by

ek buohiny s OF ol Lokl ( dewrdl dic ophiucnle Vel Gollosboang (.

‘«PS&LEVQ Tules !M.B(‘(c««

w dew Koshu oles U Kaew  teau o'pﬂiuw? gmleupq,@s ofos ofo'p’pe,?m T2 watol

Hou Ve

UUW OMOUQ$ vawa(-ﬂ{:

LI SATY  ( Corea , Scher Shier 20 )

Clve) ¢ C(So (ir du ((+(§)‘€qu Dewaud )

wax
R N L a

! h\\\\\’{

Pt =2 Sk Ll wplaret Skl

Is& 1wy E;ufu,GCJO of.wLecQ &c{«a‘.rﬁar

2!2. Q(‘bﬁ( QC-W '_CQ(YQ\) =v {B: [/("l-

=0 Cloe) € €0 [ dow % fadbe Dol )

Kewers :
S £ e U FRuss ) x e optivaly Tlesc fa o (16f)- (afle oo
Reludle Fluss v wid vy, = —{:; X,

H—[

= st Fhss ’De,ma\uaqs &k , Qe oze ‘p
, K> —§




~u (r')"’,f’ g) C({) = Cﬁ(@ < CQ?')

= 2 )y, = 1{/75 C{\(w)

aeA

<

= (4p) c(p) < CH(x)
C

S > U/

jl,l,'&.—

X

4

L oside Bowes o Salz 19 (1)

=0 C(f) ¢ Cix) a

Aboale 13

—_——

73

{
\/zwschéh‘amj oo X‘GSfQQ\lZWf\I o = l—’—_(fé

—_—

o

T GE Fluss ouf a

'Bentcksfxg&ié—(’ $ i nes dor uaiSe

L.l) «ﬁe‘%emuw
6y be BPR ~Fankdione, ( 1elslisé § )




