BRI R G
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PiZ. A5
s 005636
it ]Il 005627

Tk#k ik 005624
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K G [ —A> drawing 7€ SU9¥s G IRIRE—N T 23 30l 0 52 4P T _EAS R 1) A
Kl G 1IR3 (u,v) T A — 2% Jordan Hi2k, i H 2R A0 252 uve G — IR
K] drawing ) ] BRAE — Se 45080 A EZ RN HAE, s BrT ik, BRI
J L A P o AR BN TR A S P i A, X6 drawing ORI A AR ESR, G 2SR T
PERTEREAONE 5 b A /N, BN KRS, ARSCH, BRAT 3 B AL an e
THE3R45 11 & 1 orthogonal representation, Ffi+5 Hi B 5 5 /N AR ) orthogonal
drawing ) je) &, BIZE5K drawing (14 2530 45 B — 87K ~F R 3 LI 2R B B

1R FHBE LS AR BB I B K RO 4 P, JR4s PR ZRoR .

2. K I R 28 AR o -1 T IE SRR

3K FH 48 B AR T SR K S TP T ) ) T A

. EXREE
KHE: drawing, planar, orthogonal, representation
1. —/ME G i drawing ¥ G 4 —ANTTS R I B 5 — 4, %
A(u, V)XTRA—2%LL u fl v o i a2k, Wik —A> drawing 14
ZILHR & KN 4 R4l e, UIRRFA orthogonal drawing. 5 —
A~ drawing AR B 2510 Bk T A LT S AMA MRS, MR K planar, —A4
HA planar drawing ¥ %% 4 planar graph.



2. — planar graph WS BN 5 2 5 Y &0 AHE, MFRHA 4-planar.
R 4-planar 4 H 1IEAZE R

3. —> planar graph 1 planar drawing 1 S 78 &EAN T N T0 5 A i 56
AR ] B A HEF T, TFRX A drawing 2547 Cequivalent) . orthogonal
WA LU E

4. FTEZEM I orthogonal drawing #4 % T —™ orthogonal representation . 43¢
W 50 1 2 1 T T B0 T A 38 2 HE AR B R R AL B, Se I R

orthogonal drawing.

=. FEBERAER

31

MR =N IR A, W — =M, ENVIMGN graph, $RJEHE
MLEZESE VA InsertVertex A1 InsertEdge PR, TR, BENLAIER S AFAE M)

— 2, fEH ERIM—ATE, MTEE, LR — AT u, FRE LG
—/N5 uF A face FITH A v, & UM v, TENETR edge, X HLREELE R B
W UM v EEAIA L E &g Lk, HOSLEBY%, R EHHEEL,
XFE—EMAT 2, BT LTS 2] — biconnected 4-planar graph.

AT InsertVertex ek FIT LU T 5, R FAAEROIE I — 2630, 7EH A SUmA—#7
Tol s BT

AT InsertEdge BRI E I 7533 & LU LA A) -

1. —AUismRCas 7%, AN BRI,

2. FEIH AN T SR B F R

3. T —kHEZ LW REAFAEZ 1L, RIMAH 2 LM AT R AR AL
(HANSLLR G DL, XIS AT 2 o) AN ) R

B CL_EJFN, XA face H HAE— T RO 2 M £ 47 38 Iy, 34k AT A

HAERHIA RIS xE, 5 i FTA face Ja AT TCEHk BT LU AL ZER T

XF, MARIENRIMG F2H A InsertVertex ey



3.2 HIESLH

{randomly generate a biconnected 4-planar graph}

BN TR n, A% m

foh: BA n AR, mkiaiasc RO 4 1A, A8 5800
VRIAI i R G T TR EOR D), TS, ORI EUE 8

DO . P P i IE A i v B vk

4.0 IEREEFEA R B

MM ZR AR, SEILEI B IEAZ EVE 1 etbig — ] BLA RS- i
HIIEAZR LR B 2% o iZ M2 a0 S AN ES i, — IO BB TR, 55— X B
Kl i) face; 1 M4 L& PIRAL , — 2T RS 2T i 45 1 2100 B face HO4S A1
XA R E LSRN % face BITHARA RN 5—FUxf R face HY4H = 2%}
J¥7 face HI4E £, X UK ELR R face B AFILER 70051 bend HI%H -
Z 45 I S /MR AR B AT 5D bend FIEAE RN o 8 ke X 4 g I 1)t
15 2 MY R RE R T a6 AR5 R S MU R S AT 2 s MU, BIAT
SREUH R B IEAZ 3R s X SRAS B IEAS R AT E I8 73, FF FEOCR] FH I 45 3 T A
TR, f)a 5 s AR RRAS B — Fh R A2 2 .

S A

BN U H) B R RO 4 FF T B R P T R P

By : ~FIRRS P HYIEAZ R R H R .

Stepl.Construct Network N(P).

Step2.Find a flow x in N(P), of value z(P).

Step3.Compute H from the optimal flow x.

4.1 BRI LRI e RB e A7
Definition. Network: A Network is an edge-capacitated directed graph, with two

distinguished verteces called the source and the sink.



TERRMEE I E A RVFAAAE (u, u) B, WU A— DTS K
AR B BRZTN S . A AR EIEHN Inite), H HiAFkic A Term(e).

FEZ R W 46 1) Bl v g — 26 1 #H — i KU e (capacity), #illnid e &
1M cap(e)-

TR 28 1) B R A AR AR IO TR A . — N2 s KM source, 55—
t, HFRAN sink.

Definition. A flow in a Network X is a funtion f that assigns to each e of the

network a real number f(e), in such a way that
(1) For each edge e we have 0<= f(e)<=cap(e) and
(2) For each vertex v other than the source and the sink, it is true that
2init(e)=vf(€)= Lrerm(e)=vf(€)

WA Q F/~iit i source 1) flow {H, A4 sink 1) flow {E [ R /MERH Q.
Q PR M 25 I &

BRI R 45— X, TFEERRKRE, kit R &K
MEAER] flow C(EDgS & — KA HITED.

4.2 /MU E BE A (Minimum cost flow) .

G=(N,A) &2 — A E N NSRS, ARLE. 5 A e —FUHXERA
—™ cost ¢ij Fl1—™ capacity uij.-5 N F1 48— N0 ESUAH SCBEIA — AN b(i), R niX 5614
RN E (b(i)>0) BUFRHE (b(i)<0).

s/ MR ) E ST

Minimize Z(X)=2ij)eACij*Xi
T 20T 2R A
Z e Xij= ZigieaXi =D N AR — AT oL, B A F R
FIAT 0<= Xij<=Ujj,

PAMB: KA N RNE. ra8de v B, JF BArd T iR

NEZAMZEF R R A, Bl Xionb(i)=0. 4518 ST a2 L (R

s/ MR )RR AT 6 R AT A PT DAIE I SRAR B R R RS . iR R



FINBASHT T AL source T s iy s A sink T siid oAt % N A —ANBf
PR R T, BN — 2 B BORREDN b(i) L Gs, D, X N PisE—4
HAFRARWA 1, 80— B AR Evba) Mg G0 AREREE—4
Ms Bt AR IR . R A) 45 g5/ M ) LA — AN RTAT i

4. 3. IERFRN RS,
IEREFoRH R | B — R IEZEERER, HFAFEARKE, Wl A
HH FI R S5 AE [ — R IE AT I VE o AN SRS A Hh R FH R R T 20
Kl G PR L face KA HIFIRIE G Hi, i£9 P(fy),P(f),... 55
it I 9 TEA 7t B face MOTR G, 18K H(f) H(F),.... HOIIEE—ATT
FH (e, s, Q)
(1) e &K GI1i;
(2) s bl E s FERILIIFAR, 58 K Sr s Wy £ty ()38 ] face f)32
7L e WHTHBEIME kA bend. ‘07 Al ‘1 J3HIFRI% 90 EEAN 270
JEE (¥ 1
(3) a &%%7 90, 180, 270, 360 2—. Fin(E f NN e FITN—4i4 (i
IR ) BT R A
IEAEFR R U R
HR—: (BFHCE[AD
MEE—ATTE T,
ROTATION(r)=ZEROS(s[r])-ONES(s[r])+(2-a[r]/90) , ZEROS(s) A
ONES(s) 7l H s ‘17 Wi BEM ‘0" H%HE.
WR=: (SHICR[4]D
YienmROTATION()=-4 , fn F f & 4 # face , & NI
Y rennROTATION(r)=4.
HR=: (BHCHEI6D
Sreny (ZEROS(S[r])-ONES(S[r])+a[r]/90) =2|H(f|—4, fH 2N
i face, BN cn@ (ZEROS(S[r])-ONES(s[r])+a[r]/90) =2|H(f)|+4



R r & HOW—Aous, r =850 53R 8 elr], s[r], alr].

4. 4. MEEBIRIH R IE.
N(P)= (U,A,s, t, b, c).
AR U;
PANRRIR TS, s B AR source 25 55, t KA sink 45 15

AL A;
2600 M ERKULE b(e).ecA;

B3 M8H 4 costfH c(e), ee A RN AL & AT

2

G R KEHCN 4 MK, P={P(f):feF}NK G HI— A FHERF NE G 1)
face £ 4. 5B G(V, E)KEIML N(P)= (U, A, s, t, b, ¢) fIE LIIF:
U= V'URU{s, t}. VIR VI REUNTAET 3 ITHREE, FRoRx T face
T
A= A yUARUASUAT
1. AvBE (v KM, HdveV', feRIEH v P(f)FI3E—%il
MT AL, LR
E(v, f)={e eP(f):i1 e FITE P(F)H H T — 2% A LTS v},
AR 1
2. ArELETFPIERIIIL (f, @ A1 (g, B SHE—ANEHPAAFE face 4
BTG R {f, gl
E(f, g)={ e eE:e [ HELEE P(AFI P(Q)H. }
AR R 0, I KIRETE B
3. AstL:
(@). (s, HREKL, Hrh 42 internal face H. | P(f) | <=3;
(b). (s, v), Hve V.
As TIA R AR N 0, EKIEN:
b(s, f)=4 - [P(f)], b(s, v)=4 — deg(v).



4. ArBLE(F, O)RAURIL, o |P(f)>=5.
Ar LA N 0, BRI EE YN T
b(f, )=|P(F)|+4 a1k f &40 face. 70 b(f, t)=|P(f)|- 4.
Xof PA L 4% B0 78 SCH N ffRe -
(1 PR AR EATR 90 FERIA R : X Ay L, i x(v,
EIRTE PONA L FLTA v I RLIE AL T f ABIAE, THREN
(X(v, f)+1) *90; Ag 1L (f, ) R4 face I ASLER /- 1E fNTE
I A BE D 90 ) bend 4L H .
(2) DA EECARIEE G Y IEAE o v — > T B A A 2 Ay
360 £ HAE—> face #R 2 3 B 2 BANK-F L BU B 2 34T .«
(3) BRI H AN H RN RIS E G # IEAZ R i) bend HIEH .
T B DA A 3 A B R ) R E
PP VAVAITES Y=g
ZHX(v, F)- X(s, V)= Zi2reryn(a[r]/90-1)-(4-deg(v))
=360/90-deg(v)-4+deg(v)=0.
Forr R(v, f)={re H(f):e[rP RIS £1-3 ) face )R — 2104 AFLTi s v.}
PR F RS R, B IEAS R R PR AT 45«
Yux(f, u)- Zux(w, f)
=2gX(f, 9)- 26X(g, )- 2ZuX(v, f)+ [P(f)| =4
=3 ern(ZEROS(s[r])- ONES(S[r])- a[r]/90+ 1)+ |P(f)| + 4=0.
an E T E S N(P) AT L SR BUR K 77 20, 3RS — D ATATE, 1T AT
— TR T KA

B (s, u) —ERBHRAHE.
B0 (u ) —EXFRAHRE.

R IR E N Z(p)=2ub(s, u)= Tuwb(w, t). (% CHR[2].p169.)
IR A R B A 2T 44



2wb(w, t)- 2ub(s, u)= 2 (IP(F)|- 4) +8 + 2y cv(deg(v)-4)
=2|E|- 4|F| + 8+ 2|E| - 4|V|
=4(EJ- [FI- I+ 2)=0.
FERAT AR A b AT DA — 0 SR de /MR R IR R o 2845135

4. 5. R F K 45 Ik

451 HHEBERKMERKIEEZ —: Ford and Fulkerson &

B 258 — AW — AN EE T2 1) flow. FRATTAT LU I ) 25 ]
FR T S 3E4T labelling AT scanning (4L FE 48 51— 2% M source F] sink [ R] LA N
MERAE. AWEE L LS, BERME R AL/ source ) sink fIAT A
BV g2 S S T s

Definition. Let f be a flow function in a network X. We say that an edge of X is

usable from v to w if either e is directed form v to w and the flow in e is less than the

capacity of the edge, or e is directed from w to v and flow in e is >0.

SBMEEFR N v — =0t (u,+,2) WkRS. b5 e LW

The ‘U’ part of the label of v is the name of the vertex that was being scanned
when v was labeled.

The ‘=’ will be ‘+’ if v was labeled because the edge(u, v)was usable from u to
v and it will be ‘— if v was labeled because the edge (v, u) was usable from v to u(i.e.
if the flow from v to u was >0).

The ‘z’ component of the label represents the largest amount of flow that can
be pushed from the source to the present vertex v along any augmenting path that has so
far been found. At each step the algorithm will replace the current value of z by the

amount of new flow that could be pushed through to z along the edge that is now being

examined, if that amount is smaller than z.

FIEVIURRS, H4 source 45 KRS A (-oo,+,+00). source & st A FR5IR

7 labeled AR ZS unscanned.

Procedure scan(u:vertex;X:network;f:flow);



for every ‘unlabeled’ vertex v that is connected to u by an edge in either or both

directions , do
if the flow in (u,v) is less than cap(u,v)
then
label v with (u,+,min{z(u),cap(u,v)-flow(u,v)})
else if the flow in (v,u) is >0
then
label v with (u, - , min{z(u), flow(v,u)}) and
change the label-status of v to 'labeled’;
change the scan-status of u to 'scanned'
end.{scan}
— IR SEEE N 2% BT A Y labeling A1 scanning S92 40 R
procedure labelandscan (X:network;f:flow;whyhalt:reason);
give every vertex the scan-status 'unscanned';
u:=source;
label source with (-o0,+,+);
label-status of source:='labeled’;
while {there is a 'labeled' and 'unscanned' vertex v and sink is ‘unlabeled'}
do scan(v, X, f);
if sink is unlabeled
then 'whyhalt':'flow is maximum’
else 'whyhalt':"it's time to augment'
end.(labelandscan)
X R LK) — K labelandscan #53k 15— 2% AT LA N 2% & (1 42, RT3 0
[ B sink T0 x5 ) label () z {8 .
BE AN P 2% 3 B B BN T
procedure augmentflow(X:network;f:flow;amount:real);

{assume that labelandscan has just been done}



v:=sink;
amount:=the 'z’ part of the label of sink;
repeat
(previous,sign,z):=label(v);
if sign="+'
then
increase f(previous. v) by amount
else
decrease f(v, previous) by amount;
vi=previous
until v=source
end.{augmentflow}
Ford and Fulkerson Skt & AW E S DL B, B3I b A FEAEER] LA
BN 4R R AR b RIR
proedure fordfukerson(X:network;f:flow;maxflowvalue:real);
{find maximum flow in a given network X}
set f:=0 on every edge of X;
maxflowvalue:=0;
repeat
labelandscan(X, f, whyhalt);
if whyhalt="it's time to augment' then
augmnetflow(X, f, amount);
maxflowvalue:=maxflowvalue+amount
until whyhalt="flow is maximu'

end.{fordfulkerson}
BRI R AT R SRR MU B R AT AR FTT##  (feasible flow).

4.6 IERRR KRS,
ATEAM A AT Ap i R B2 THR G I IEE 2 ¥ a- il s-15,



XT Ay RE—214, W rieR(y, N),I=1,2,.
a[ri]=(x(v, f) +1)*90, a[r;]=90 i=1.
St Ar X (f, @) A (g, ), Woryro,...on 1., o1 9 AT g A
LRI £ A g N MR R, T
s[r 1]:OX(f, 9)1X(g,f)’ s[r 1,]:Ox(g, H1xt.9)

s[ri]=s[ri']=e i=l.

4.7 3AKFN A BRI

47 1RARBAE.

X FRAF ) 1E A R 7 AT 5 4, 388 1 18 hn  T00 5 R0 R 30 ) 7 1A A IEAZ R o vp
HESETE face. ik WX 258 ) S 40 B B TR RE A& ) (R BL BRSO Il K. &%
Ja T LTI A ALFR.

4.7.2 BBk
A) H IR face MIEAZ KR, & S(F):
IEAS RN B35 = T -
e 2K GH—KiL
st 0,1 LR R, RIORTLHIIEAR
a FoRZIUE T — &I f.
BEH(R)Z NI fIERR KR, H(f) =10, o, woeees , Ty, For =000
73934 e[ro]s s[ro]» a[ro].
S(f) = s[rolw(a[ro])-*-s[rn-]w(@lrn]);
XH
ifa=90,  w(a)=0;
if a=180, w(a)H=
ifa=270, w(a)=1;
if a=360, w(a)=11.

B) AT 7>



N #5 face:

BRos(f), & B 100, W OEE AT E o, w0 B P R -

TN HELR IR B3, R — AN 73 O AT o A R i SR R 2 P o 5
T OIS, JHEscdm s, s, REE, AR SAL
EAEHARIL.

e s(f) 0 4 100,

A1 face:

oA os(), A B 101, W OEEAT R . W B T R

M AL PR 89324, AT —/Ni, IR ait hid,
T HIAEAE, TN B N EEAE AR IC .
wJafEd s(f)H A 1 £k 101,
ff: ZEHGREE.
M H il 7 AT E SRR, 1 R 0 Ja M IEAS R R, HIT LSS
I ERAE AN H 345

IR TV A



MBI I T A
— ik

VAP BRI : SyETFIRTE H 05— bend AN — /N A . SR )5 X4
—~ face i 43, HA AR face I EAE . ik f2— AW face,
R FARIEE, U N ERE:

<X fIRE—404, A next(e)FR Nt &t [y f M (R BT A &
Fi% face i) W e BN —4%i4, F corner(e)Z&~iZ1 e Fll next(e) i) A FL T &,
i angel(e)# 7121 e Al next(e) 7t f BT i/ )& .

R4 e, TR angel(e)=90, Uik turn(e)=1; i angel(e)=180,
Mk turn(e)=0; 1% angel(e)=270, Nk turn(e)=-1.

X EEFKI e, WIS EHER B 2 T AR — &b e fEiL e(BR)
il e ORMLE) ZIHATEIAR tun B2 AN 1; 4 front(e)=¢’

VIR —% e, W2 turn(e)=-1, AL fronte)Fm AT A, LK
project(e), FEIEIN—2%¥% A bend fJiZ extend(e)=(corner(e), project(e))., FF
H e 1 extend(e) AT LA A E AN 180 . MR ARMP&ILIL e f
fornt(e”)=front(e”)=e”, A XK HIN X e, €7, F front(e’ ) i &l 5 ¥,
FA 420 i I 4 project(e”) i & 1E project(e’) [ HI TH] -

TEAN—A B face H 5 61




AR face IR 4r AT LR A _EIRFE R — N8 F. £ 4K face B, A
Yeturn(e)=-4, front(e)f "] REAAFAE. F T ALEX L), FRATFESMAL face [
BN —A “HET” , EAAELE front(e) I SEK: “Hl” BIRET 1A

N — AN face #4541 F

2. WHk[3], 158-161.

473K E

21 face HIAHARR R RIS A 75015 5 H AR AT PI4E Nior(H) s Nyer(H):
31X LAY DX 28 R A R o SLIRT P 28 AR TR o X128 F FR) &85 A 2 3t 2 P 1) face,
source A1 sink 45 s 0 B P R 718 face o 26 Hh A — 2% 220 (1R AN T0L RS 43l o 2 - —
A face, MifE2kI RIS RIFIAS face A FEA MK . RXT Nyer 256111 LA
Yo

/4——;—
1 {*’>§3\
7




n EETR, BB RN IER LR, Arh&BCom e, ik
I 26 Bf 48 N [RL I PR P s - B 2 i IR 4% (1) Source 45 R, A i Sk b
5 BRI 2% (R 45 55, B A S 48 1 Sink 25 5 . R R ZE FROREAE I IR E N 0
i, IF B M iR —ANEE S S, IANESANRHE, st —Mia K5
TRo AL PSRN B /7. kT A source 5 it Fik sink 45 ki
IEg AL, 28 IR RO AR B — 2K R A T A I — U AR AL
W AF W EE I — N, MRS R —Fh BT 0 1K 22 43

BARITEWTR, X Mg — ki s, SRR HIRER e R FE %
W4 28 (¥ T BRASHEAT IR T, AR — DN FEREH IS N A AR Al 13, R ) A
—ATRI R SRR AR, WA BARSE, TR T AR, Vi E T TR, &
NICREMNRE KL, — KA SRR B LR, WERREL X %LA )1
SigAT, WRIFRRIR R, I IR V2 AT PASRAS — P K i 40 Bl 7 %

4.7.4. AR

T R A I G, wt Al UG T ST R AR

LAANER face DA “4f” Z—AFNSH R, LHAN (0, 00, AJEIRYE
face [1IAH SR Z R IR LU B I 7 i 70 393 VA3 i A B R AE [ A3 (SR B
SR, B RN WY 2% I — B0 Ui el AR, AR R T AR
PRANZIA IO, RWf 2 SR TR A Ak b s B2 I g 7 B . LA SEIL AT
SRR -

f. EREL

AR5 il 2 LA HE R0 R -

1. HFH1aa i BRI A BN LACE O 5%, B R e AT i R
A, BB —LEENLE, ATTEINR R, DARPHITIRE
A REFB B R, AT A i T AR A 1y SR P A5

2. FEFF I MR BEHLA B B A N IE RSN, (HIX — P vk AR,
WK AR T A ER g 5 5 4 RER FLm R, i B LR TR, XA H A
FEAERE P il e Jm 4 Re T ia R, S S0, KBRS



Fe Rty ok 7 ORI HE, BT J5 AOVF 2 BE R A0 JEAE RS, A DLUE
SENLER R 1 AR PILE S

- SRRSO AR T EME AR, 2% 2 UUe B B L,

HAREARLINE it 59 5AUBIED 1B 1E;
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