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7.1 YELI 559 7|x A9 (Preliminary)

A9l 7.1.1 network is a graph or multi-graph in which any or all of the following
additional structure can exist.

1. BE edger= S 7k sk o]40] Bk (two way) edge™ 715-Stet.
2. EXHT T vertex?l A2 source®t 2 sink node?} EA gt
3. BE edgeoll o1H o]n]E Ue= o] A= of Sk

4. B vertexo] o8 oJu]E YEW£ ghol 2174E 4 it

*2013 F 5 E network flow S 2 57, 20193 9] survey design ¥ lower bound, minimum cost
model 3713t




o] EAlol A -2l 2} edge @] Z -85 (capacity) & c(u, v) 22l e}, Z12]1 ofH
A I edge (u,v) & T2 TS f(u,v) 2t et o] off Zt edgenftrt S35
AHE 7EA| 2L Qlojof qitt, WA A S o2k &

flu,v) < c(u,v)
Aoltt, o] EAL BAlE d¥EHA w0l

Zf(u,v) =0

veV

g 29t 0S FHS 7HA = YEYIE tFofof ofe A9k St ©f
= 571 super sourceﬂr super sinkS 271510 EEE YEY IR WS 2= 9o},

7.2 Network flow 2] FE (Matrix) 7|5t 54

A9l 7.2.1 Path flowr= W 2- 0] Q= simple paths T 271 flows YEFHTE.
23 RE edge] flow weight= L5t 1 SN T E edge weight”} 1%] A=
unit flow path 2fal Tt

BA 7.2.1 TS AANE T network N, @ Ny S path flow®] sum O 2 JERY BA @
AR B2 HEEA] source U 2} sink V 7} E o]0 gith

A 7.2.2 99 VELZ Ny oNA cycle flowe] /NS TEste] AP HEHA| L



7.2 Network flow2| & (Matrix) 7|2t 5{A 3
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Figure 2: edge weight7} &2 YERd 739 Ps.
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7.2 Network flow2| & (Matrix) 7|2t 5{A 4

U A B C V
ujo 2 1 0 O
Al-2 0 1 0 1
B|-1 -1 0 2 0
c{o o0 -2 0 2
vio -1 0 -2 0
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73 Z|AZ-Z|SE H2| (Min-Cut Max-Flow Theorem) 5

7.3 FHAA-HYSF A7 (Min-Cut Max-Flow Theorem)

olH HIEQF A cutolzst S& TS &9] FESt= edge ] Mo Tt = IA
% AA P uf SoA TE 7H= path 7} §l= 7F-9-0]t}. o] A 0] cut set 2] formal
Aojtt, TSt cut2 SOA Urte BE edge seto|U TZ 5017Hs BE seto] E &
At ol 1 cutof] EAH £F9] TS cut o] g0l gt oA min cut= C
oA oJ¥ ofuet: W2 H cute] 2 4 gle &S Wl stxf & CutsollAl
A7 7V 2E cut S Ttk Tl A B cut-2 WEQ TS 9 T9 FEslw
A3 1 F o]H Aol whZ]H cuto] F 4 g17] tiZell 2 min cuto]etal B 4= Ut
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mf-Zolth. YELF oA olH min cut set C2] 8% capacity( C )= alld edge 2]
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ecC
oA FoH flow @ 7F AIAH UEYZAA EH cuto] S2E 73 (low(C) &
shelafu ), oA th-g7 Zo] HelHr},

flow(C) = Zflow(e)

ecC

T of® {5 flow”t oA o] flowol] A& 2E cut C flow(C)
FUsth & RE flow ¢7F A& W 1Al HEH flow([s,t — cut]) £ T L5k
UFshel Sol A T2 7H 214 oFol 5.20517] mhZelcf. Teitk cut ) capacity(C) =
Zt & 4= Atk & cutoll TERA ZF edgeoll A& 0131 capacity 2] &2 ohE &
o}, & o]Z 9] flow cut A maximum®]”] T=o]tt,

30 N o
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flows A4 71 9FEEl T mo] AAE Jolrke gaFol ®rkll Z 134 0-3+7=17
o] Hr}, webA] BE cut 2 flow(C)E ©1H cut 9] capacity ot 22 22 g5ttt
w2bA] ofefj o] Aol sl o] A o] &Ju|st= HEZF HEE minimum cut-> maximum
flow 2} &L strh= Z ot

flow(s,t) < capacity(s,t — cut)

9] A 8= Mincut maxflow Theorem©|2t1l Sttt o] A-E AP o 2 G| H A},
= H cut C, 9] flow(Cy) & T cut 9] capacity(C,) Bth= 34 TAY &t} 19
= Hrol g,
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Figure 3: UELI S B cut Cofl thote] flow(C)< sLstal, 1 3ke] ZiA]
maximum flow+ ¢ minimum cut C* 9] capacity(C*) 2t & L5ttt
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flow(C*) < capacity(Cy,)
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oA 2= maxflowE FlE F I mincut& Folk Hoh I1HY ofF e
mincut-2 7SHH cut edges & 4 UL FA 0 maxflowT & 4= 97| wjZef o] A
F5H= Aol ¢ &85ttt ofg] A Ford-Fulkerson &1 8]&2 @ A maxflow 7F
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2 o|H EX4o| 91 A AR AL
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7.4 IZE_Z7HE (Ford-Fulkerson) ¥112|S 7

O F mincut= BT 4 31, 1 edges2 5 saturated d edge”} H T}, mh2hA
mincut edge set2 2= W2 SoA U7he B flow FoA] saturated ' edge set&
oW =t = S|4 flows e DFSE 35t 1 7% ©|H edge”} saturation
o] 519 WF R A edgeB AATL. o 2SS9 17 LelF H7iA] At 1
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BA 7.3.1 th& network L ZOA (s, t)-mazimum flows TFSHA] L.

Figure 4: YIEY 9] o s A t2 7F= | flowsS Tl HA] L.

A 7.3.1 [Min-cut max-flow Theorem] Ford-Fulkson(1956)
RE Y EYIANA HH-FEHF (marimum value of feasible flow)= A source/sink
capacity©] .
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7.4 IZE_Z7HE (Ford-Fulkerson) ¥112|S 8
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7.4 IZE_Z7HE (Ford-Fulkerson) ¥112|S 9
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7.5  Circulation with Demand/Supply Problem 10

BT E QSR o] dTe)E-L RAANA DFSE S8k el OV + |B)
ojzko] £k, whebd Heig ol febel shilo] Ao 1 S7Fek] o] O(f|E|)
o] AIZre] Euie. IRIY| BFSE AHGHA 713 AL H 22 Frohf7] Bl Sl
A AN Feke] A9 4714 sheth 5 O(V]|E) e $7F ARThE A8l

max flowE 2H& 7 Q150 &e{A St} whebA FF algorithm O] H4 == tha3t 2t

min{O(|E|f), O(IV||E[*)}

BA 7.4.2 T2 network A unit flow path=S shHA SolWi= WO 2 mazimal
flows TN E A},

Figure 8: Ford-Flukerson €1 2|52 2 2] network |4 maximum flow& ol H A},

7.5 Circulation with Demand/Supply Problem

o]® directed network®| It}. o] YE L F A H7FHE FF5H= Supply node”} 2117
719 Sh= Demand nodeZt Itk & ZF k=0t @4 A= d(z) 7F 4 & ==
d(v) > 0°]9H demand node, d(v) > 0°]H supply node, d(v) = 0 |9 transhipment
node©]th, 12|11 7} directed edget= DHFA Q1 (S,t) network ™} 0] capacity 7} A5
A Itk =F capacity 2] bound 7} [I,u] 2 ZH2F Fold 4= QUTh,

o] Aol Al circulation ©1H flowE A ot= 5= (2 oA 9] flowE A8 5H=)
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7.6 Circulation with Lower Bound 11

Circulation problem =A|3t o]|& network©] F0]Z o o] 7S wrZstE= <7}
ZAF=A]E yes, noZ WHSI= decision problem ©|Tt.

supply node

demand node

super sink

10

Figure 10: M2-2 source S& t5 F7151] circulation &A= network flow %= HFE.

7.6 Circulation with Lower Bound

22l= ¢ A maxflow ] 7| 273 of thste] AE5H31 1, circulation network-2 maxflow
2 sfjdot= S AASEAT. oA ZF edge capacity ©ll THSH lower bound 7} &
Ashe 7ol Hste] Auiet o] AP HE 0 < f(e) < capacity(e) U]
H|5to] 1 seto] po] ofHet i(e) < f(e) < capacity(e) 7} Eli= Z o]t

Circulation with demands with Lower bounds&A|= 9FA] o] A st A} S A5
flow(e) o] AT i(e) < f(e) < capacity(e) THEdh= o] F7Hd .

otoltjol= 4 I(e) units= edge e 2 A EW = FA (forcing)sh= A o]t



7.7 Network Flow2| C}Q5t S& 12

Py
’ .
[

lower bound {Jpel bound d( ) _ 9 '\_‘ !
d(w) = -2

?

d(v) d(w)

’

]

.
~

S

—4 —4+2=-2 6—2=4
(O—> HD (D
—2
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o]9} Zro] & WE A7 network ¢ A= M 2-& supply demand node”} TH&
o Z Al o] A= tﬁi% network | A circulation ©] £AoF=2]& AAo= A2
ST of) IH2 9% lower bound 7t = WEYIZE LI [0, w] capacity
= HHLE S EO%—?—L St

Figure 12: lower bound”} 1= U E A 22 ¥4l maclow 2 HHL= 7+

w2tA G oA circulation ©] ZA5HH lower bound7F A A= network 9| A &= cir-
culation©] &£AHg0] if and only if 2 S H .

7.7 Network Flow 9] t}ofst $-9

HEAD 552 ofA Ara ol ull-¢ thefsh &8

fow 2902 WAst 447 LAV} o BHL. of Wshylgel Y=L 55 8
7V S WEolrt. o] Mol of® f2lo] EAIStE A2 oty ™ trdet 2AE

A ot HE g o7 O1oi0]: Elg=g

A 7.7.1 Sty 01439 source®t sinkE 7H WEZAA maz flow(min cut)=
st gt} Fol3] Y EQIAE o] B A HEkotd 22| Aiel HAlL. O
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7.7.1 "z e AEA

TElE R FRY LGRS 7HAAL QT TP AL 2 AE (), S 'YW FEdely
o]3%:Et Alto] W QS H]8-S o npd x| 2 AA T 4 9l om 1 7153 ZHoigro]
AutQIA] A A et ol & ol ntd A9 T/l {m1, mo, m3, my, ms} SF7F
sLom] oW ALgAE 7t npelal Ao ojgt EAEE /AT olch, L¢3 7 4Ee]
7210l 21750 ek, Aol 1 AHEol ALEEhE uhelalA|o] £59} 8T 4 9
| 71A0] AsiA Ut ¢el= OH% FES BT sk AL ottt 7P 4% W
RE 4ES AFOR AL AU oMok iU S B4 1 AL E
RSN AES P S Qe olu) A A £g 2ER vt RS 4EE
st TS Adshe Aol o] BACI,

K o rlo rlr

my by

Figure 13: ©<FRt v 2|27t ol& ol 7P m &4 o= &< Fullsks YW

7.7.2 FA A2 AY (Minimum Path Cover)

83} Zo] directed acyclic graph7t 1t ol 50] o] T2 738 9] data flow graph
2t A ZbstH Hof, o] I BE Y-S AR HA] Y= vertex disjoint path
2A coverdtal Alo] sttt = 1 E Vertex“ 71 0|7} 0 o]A+el /“1§ TFHE vertex disjoint
path cover©] HFFEA] i%}ﬂ‘ﬂ Qlojok gte}. = 5t vertex”t hut ©]4F2] path cover
of $Eo R wgtel= otHrh

o] £A= software testingJJ-E Azto] Qitt St A]AH0] o] SHE LA E| o]
= ] 5tto] 5 4E vertex 2 wj P okal gt oPZ,\— f(z) oA T2 &4 g(z)
;EO]":'% St9] directed edge (7—9_3 = d =i = A A= R e g B ) testmg casee
A Y5 = 52 pathE coverst?] mjZofl #4-9] disjoint path cover o] == F| 4
4] test set 7} ABhehL @ 4= Qlet. nrebA] ShLke] DAGONA 7H 2 49 path

cover & 3 AL W3 el dolekn T 4 9k

mlru 30,

% HE5to] L E directed bipartite graph 2 =T}
F 5 709 vertex X = {x;} 2t Y = {y;} 2 °]F1%
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bipartite graph B(G) ¢! B(X,Y, F)E Tt} T DAG G ollA] (17)
ol A directed edge (xi,yj)—‘;: A5k}, 187 2L source s= =7
AASHT sink TS 37161 YO RE vertex@} AAZ3sit},

7h EA5H B

@Q 5

Dsfl‘ :5——’D
4 Zo\.Gj
G(V, E) S
1 °
.2>:>5/‘<‘ .\5 :
/\.7 .27"\ 7
3
\ A o3 /

Figure 14: 517! acyclic graph & A Z059] disjoint directed path= coverSh=

A

0] 749 maximum matching @] 52} path cover 2}2] A7} o B A| A H5H=4]
E 5 Za7t Utk w1 N 7RO vertex2 A path coverZt 1Tkl SHH ©] path
AF9] edge 5 maximum matching©] ZgHE o] QIt}t. = N-1719] matching< 2tohd
- ek webA M7 S vertex7F EAE ®l maximum matching @] ZA47FK 7 kAl
SR path cover @] HaZe= M — K7F Aot Z11-100014 (2,2) 917]19] subgraph
£ B(X,Y,E) 2= =2 TF=0] max matching<= ot 27071 vh2 o}, oheba A
A 0] =71 77j0] B2 7-2=50]T},

]

i

7.7.2 T cycleol] EA|SH= L metd ff 9 o] WHo| 28 EX] ok=4] o
ATHSIA L. K39 directed cycleS "2t H A
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FeF I GO (vg,vp) 7t & A-F ZF vertexF source S¢t sink TS A 2| gF
E vertexe 2702 2T F v, — {va1, ve2} = TFEIL ©] & AFo]e] inner directed
edge (m)% Attt 18] 31 source®t ATt edge= B5F U7 WS F11,
HF 2 sink 2 S0]7HE edges BT 50|90 £0 2 edgeS Zth. 1 T ol 24
SHE edge (z,y) ol HoHA F 70 €] directed edgeE &=t F& &2 -t 2ot

(@2, 91), (1, 23), (21, 23), (41, y3)

a0z e ohe 2ok WA 286014 edge (w,y) @) AS xolH y2E
2% QUi W yol A x 25 & 5 k. o @ A90lE o]d path7t EAH
A= yU x & 71 #]+= path7F 2A0HA] EEF x,y ] BE vertexE occupy dl|oF St
o8 Ak x4 y O subverticed B+ AFESH| &0 THE path7} A 2 U y &
AA Az 7t Qe st ot y & ARERYThE B2 1 Q] inner edge (z1, 22)
U (yl,y2) & SEEA] ZJy7tofstr] g 2o o] A2 o AU7td E-E subvertex &
RE R TN

Figure 15:
edge 2 TH=7|

o] 1YL oj"l FHigF D5 HFQE network 22 THE of|o] 11, O] network
oA maxflowE 2O W TR 5] 7 B2 59 directed unit flow”} €. 19
g ©] unit flow= 25 vertex disjoint oF2 2 o] 72 WHEHH FHFSF 12 I O] vertex
disjoint path”7} 7] wj#o]t}. o] ¥gk 7|HH-2& NP-complete problem transform |4
graph connectivity A4t AT = ofF F 85 W o] 7] wiZef & osistal glojof

gt
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I}, o] 49 Heli 5] 47
442 2 4 %2 2} 50m]Hutek AHgsHs 2007

Aol 1A £L 7128 wsol Y Ao gtk 19E] 57 o] Ak mE Exlo]
52 Holw glrt. ofeh H 2k 447} 50 HEofA

A}§3 GHEFTE] 7] 2 (seconds) ol e, 1B o] F4HS 2 £2 A= Hstol
S FEo @ Al AR 5

-

olow ok 7152 50m1E 18] Aele Be we] 7ol
Stroke Abraham Bernard Colley David Ericson
Backstroke 37.7 32.9 33.8 37.0 35.4
Breaststroke 43.4 33.1 42.2 34.7 41.8
Butterfly 33.3 28.5 38.9 30.4 33.6
Free-style 29.2 26.4 29.6 28.5 31.1
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7.7.5 o]u|x] & A (Image Segmentation)

ol 0113111011*1 A7 (A) T 37 (B) S pixel B2 Ba]stux} get. 1] olFgH
pixeltt BA= 2] o8 pixel & 2L HE 20 T(#) AT 2 pixel

1 F919] Fejet Zobd 7HsAdo] Atk I thEoll = &4 6] foreground 91 Pixel (F),
background (B) ¢! & 7l 2] Pixel2 A18] et

123l T o] pixel z,y7t FE 1FO] &% 7H54 (likelihood) & s(x,y) BFaL
SHH 8= v 2 7t = X=5 7} pixel< labelling(A or B) 3]—?‘4 1 3t 2 e
5ol &3 A4 pixel o] weight @] 242 7Hs?t 331, A E o] F+= Pixel 52 weight
o gre Aha AEE et

mazimize Y pf(v) + > fo(v) - > s(z,y)

vEA veB (z,y)€(A,B)or(B,A)

:l_(il(
o,
=2
I
rol
:U
E
lo
%
5
5
S
A
lo
gL
r o
Hir
filo
02y
il
olf
M
4
ol ot

s
gAML g2 Hoas (T%iﬁakjl\‘%) ”_O]'O]: °]'r’]'h A o]‘:]' 1‘?1‘3] O] A& maximize
oH= A= S minimization A2 HHE 4= It} o] 22 A edge weight Ol 4] ©]
%}EE‘%} M K-S minimizedh= A% SL3 . J5 Q =3, oy pf(v) +pb(v) € T ozt
EL.

> pf(u,v)+ ) pb(v) — > s(x,y)

u€A veB (z,y)€(A,B)or(B,A)

A 28= th-2-2 minimizedHH Hoh,

mainimize Z pf(v) + Zpb(v) + Z s(z,y)

vEB veA (z,y)€(A,B)or(B,A)

o]Z1-2 A=r super node Soﬂ/ﬂ T2 7}F= min-cut-2 Zrolfj= 249} =)Ao},
super source, super sink S,T & H-E pixel (i,7) 2t edge S T Z+ZF9] capacity &
pf((i,7)), pb((i,7)) = A7g2tc}. wrepa] 2= o|1] 2] grid pixel graph o AlsolA] t
o] o]2&% maximum ﬂow— ZF1 1 719] S minimum cut= 2FOH 11 cut2
SO 7 St Tof]| 3 %= component® AR 702 FLESH S Qlty, = 59| A
pixel 2 7= edgeZt cut B A] Fom 22 WA O 2 pixel | A t 2 7]'1_ edge ™ cut©]
2] k=), BHE cut edges image grid Ao A2 EA 51 FHt.

7.7.6 $193] A9 (Committee)

A4 7.7.3 thE 5719 A oA distinct representatives unit edge weight gmphﬁq
network Flow= A SIA| 2

Ay ={1,3,5,7}, Ay = {2,4,4}, Az = {7,8}, Ay = {2,7}, A5 = {1,3,4}, A =
{5,6},
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A 7.7.4 OZ A4 5N G o2 | AL T FRY AL A9 Bi7F Ak o] & A
A, B common distinct representatives —T-SHA]| = A°] Distinct Representative
@} B9 Distinct Representative?} 33T 2 Zrotof Sttt & AE 107 o] AFES 414
Mg e Aol %, Bl thol MR e Holth, el 3414 50| thEE Adsla,
Holde g soo] fuAE ddetas gt o] fEASL wE Zolof gy, ThA]
WAl 58] AT} 242} o], 2414 tivt E 4 9lAS B BAlol,

P lo

Ar ={1,3,5,7}, Ay = {2,4,9,}, A3 = {7,8,9}, Ay = {4,7,10}, A5 = {1,3,}
Bi ={2,5}, By = {3,6,7}, Bs = {2,4,7}, By = {1,2,10}, Bs = {1,4,6}

B4 7.7.5 200%99] D52 F4D A FHHtel 157 Skt (department) 7k SLek,
7} WA ME disjointSHl AIS, RS, ZD5E FRE0] gtk o] Fafrysioli
DAY WISl S T4 s 3 sk o] S1Usl: 7 ot Aol A Sluke
st AR ThE 1599 A2 T4 Holof Tk,

H W= 27l St o)4Fe] statoll A HY o2 A ehr| Ittt whebA
Zy o3t wad ol T2 T A wadQl 2008 Eok B2 4 ok (dA g

= JGAAS ol 2 590, g 590, A 59102
FHES Adold == o] FAIE network flow
AR s EAl Q. O
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Sol) WA o}}2] unit flow 7} ?F W=7t committee©l| assign ¥ &5 network graph&
FAdoloF ettt 18l X4, RS, w4 HEEA] 5%10] H X5 constraint 7}
&]ojof it}

Department

Professorship

Individual

Figure 18: A network Graph for Committee member Selection

A 7.7.6 (9 2A TAY )

9 Y1438 A BA A M2 270] Frhd). wgduiet ZH2F A A HE
Hd 100 WO R 2= o] k. = BUF AU E TS I H19E] &%
WrHES] AT M50 Fo] Hvt HEF ot} gty HA= A G A o]
Hold wa-s0] theE w459 JAS Al 374 4 dvkar Bojz)7] wfZolo}
olg 7| ofH o] HA = BF7} U3 E LAY 5= A=A o F IRt Network Flows
AAsta 1 S AgaEAlL. O

!

7.7.7 Tk H%] (Domino Packing)

Tzt & 7H9] unit square7b FA ] 2 x 1 ALY Wittt 2= 4o Azt
TS o] Zu|le B &% AL 5= QEAE otz it
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Figure 19: Ao A & 4 = A27F 902 o domino = packing® 5+ U=2] 9]

ol

o] BA|E maxflow 2 3|2
2 77} 715 SRR o]F o2
EASH=AE A EH "ot

7.7.8 AXZ ¥ 9% 754 (Sport Team Elimination)
o oF ) 17t ik, ol Sol 571e] B2 Y A2 Alel 2ot Aek T o,

£ €, 4% 5ol 1y 7 $58 71540 YETHE SolrFw ek e BE
S ufo] A48 Telshi Aoleh, o2 Sol 27} Ue AY 256l mw
1AM % 5471 750121 @ o, ol S FolA el 542 71 el 5471
87% ookt 8 4 Q=7HE wAEE BAolt,

R Bkoh SR A% RE 3718 ol 717, of
B w7} 7| Sk 7V b (e 7k @A) 655]

64%.. o=t & of) Rd9 se|7t BAgE A AT oA A2 BErlsdlth BE
Ao A= HEEA] o] 7]= "ol 1A X|= "ol Q7] wZof, 257t she] S8 &
#7VE 4 95 4TS e o
At ZH7} F2 AUl A B o]JAX W 52 trhal ok, J2|H U2 HE
Sl Ao 15| FA B 1 elstel $48 €8 4 9L} st 2elek U8
o] 27 o A network = F+A | H =},
ofeff IHNA z;+= B2 UEHATE WA 2, & 2 stage?] E—,— Aer, 1 nE

7hs gt }’Ié}% = (5) M i = :[LHQ o= stage—,?_— T AE y = E] =712
s(start) @} t(sink) & WE°] z;+= B5F st y; ;= T A424

7} o] 2AF7HA] 0171 AUE w; Al Sk, 223 o 9F 2; W HollE A9
TE a;; 2 BARMY $2]= ©f network I oA ZF edge @] weight & T}
o] 2|43t}

1. weight(s,z;) =W — wj;
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2. weight(x;,y;j) = 00

3. weight(y;j,T) = a;;

Yjk

Figure 20: oF7 22014 @Ale] 4402 $55o] 2

_{l\_
5ttO] integral flow network= Ste] Al (game) & YEFHY
Aldo] T2 FZoll A A stage] edge (9, 7)) = W —w; & A2 <
ot G2 Aol A o] AHokst= AU L] & et} d& 5o

=
21tk SHA, W o= 45 + 40 = 80©°] Hrh &3 FAto] A o]
A W —z; =80 — 53 = 27°] Hr}. o] Al o2 4], KIA 59 AMA edgedt=
Tetth o] YEEYZOA S =Y a;; 9 flows 7= 9= if and only if & H2
AdEC] AHSH FAA ol e WE EA] 9= 72|t} Min-Cut max-Flow
Aol oJsfjA STt =71 A= a; ; 7t B saturated Eli= 75-$-o] .

™
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4
_>1_4
&
o
i)
kl

sO A U7t= edge weight ©] T2 ZF HE0] WE @A Y= AollA 22 e A
old 4= =AY 59 F Ut 28A ZF Ho]l WE HA| Y= AdSollA] «EHH W
ADL] o] T S = > q; ; O2HH z¢ 7t 5= AU ot EAH. Jo= 47t
T4 WE £55h= 4o JtHH ©] network ol 4 9] maximal flow= BFEA] S =" a; ;

7} ook g},

Al 7.7.7 AA A& E0l B O | A, B, C, D7} Utk 2 ERF AL B 15
94 gk, I @ Je BT /5o S Sk @A AHE 7 HE S
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ho 2ohT SHA -l b oS Lehdlct,
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10000

Figure 21 4719] ®o] gl #70]4 Ago] BE 0|59 AU o] AA %54
2152 3170 B A% Yol gEe] BHo] tehy $58 Hs 4ol e

2 571, 9 2HNA Ry 571 Holok Tk typool AT 18-S 24T % glol
o] 7] %715kt

7.7.9 Consistent Rounding

T o2 54 BAQ Fo]2 & o] fAZHS A 3] rounding 51 matrix consistent
rounding VA& A2t H A} o] v‘i’—?ﬂ]{— 7—}' matrix 2] Y4 float m; ; ¢ = rounding
down, 1= up= 5+ Z170] BT up E= downo| HH YH O] A E4o] v B =,
JEA Z2 2 WA Ao4= vE ZF D42 31 o] Y2l row sum, column 2] sum
i} Zpo) 7t 1014 YA = S A Zolct. ofef ol & AmEA}
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Figure 22: Y& matrix ] &H (round on) = WHH (round off) & §oto] 71 H4gt
integer matrix U]'~7]

7.8 AEA F43517] (Survey Design)

ng el Av|Ate}t prf o] AlFel Atk ZF AFEA} (user) u; = {pi,pj..pw}d BB
A2 e}, 2= ZF A8 AL A] o' /é—tr'—‘% Foto] 1 /\}37‘}7} 7}1]1 A= Aol
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L ZF ARAF 2 7F 24skal Al AlF yoll Hiske] edge (z,y) & F71RtH
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7.8.1 A5 A|7HE (Subway Time-Table)

AA S P rounding EAL} 1 sHl o] FAFGE BAI7} 2009 A2EEEA 47 ACM
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