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PROBLEM: MINIMUM 2-ECSS

FIND A 2-EDGE-CONNECTED SPANNING SUBGRAPH
OF MiNIMUM SI1ZEe I A 2-EDGE-CONNELTED GRAPN.

EXAMPLE -

THM: MIN, 2-ECSS IS MP—:HARD.I

AIM: APPROXIMATION) ALGOR(THM
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ol AS SMALL __g_s‘___?]?cgggjm.e
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ALL WE MNEED :  POLYNOMIAL ALGORITHM
PROVIDIVG A SowuTion WITH < 2-n EDGES.



DEF: A 2-ECc GRAPH G 15 MINIMAL IF
EACH EDGE 1S CRITICAL THAT IS IF

. Veeelc) G-e s NOT 2-€c.
EXAMPLE:

MIN. 2-€C - Nor MIN. 2-ec

" vyt

For EACH EDGE CHeck IT IF IT IS

CRITICAL. IF NOT, DELETE (T.

THM: (MADER)
EVERY MINIMAL 2-EC GRAPH HAS

AT MoOST 2n EDGES.



ALGOR|THM - (NAGAMOCH( - |BARAKL,

NISHI2EKI - POLIAK )

F,:= SPAMNIVG TREE OF G.

= SPAMNING FOREST OF G-

THM: (VE') 1S A 2-ECSS OF G

APPROXIMATION GQUARALTEE *
[E'| =[FlR] £ -0 +(r-0) < 2.

Ey.:




EAR-DECOMPOSITION

LG Is 2-€Ec¢
(WHiTNEY)

M““—E = m-n+4 [

» {6)=MIN JJEVEN EARS IN AN EAR-DECOMP.

* BAR-DECOMP.  OPTI(MAL IF IT HAS (@6) EVEN €Al
* IT CAV 3€ COMPUTED 10 POLY, TIME  (FRANK)

@(G)=0 € G FACTOR-cRITICAL (LOVAS?)

P(6)= MINjIFI:6/¢ Factor-cermica] (FRANK

MINIMAL CR\TICAL - MAKING EDGE-SETS
TORM THE BASIS oF A MATROID @ @



THM: (WHITREY)
G s 2-EC <> (@ HAS AN EAR-DECOMPOSITION

ALGORI(THM : f
RO T W
+ TAKE AL EAR-DecOMPOS\TIOL OF G.

 DELETE THE A-EARS.

m':= Jf of (REMAIMING) EDGES.

APPROXIMATION) GUARAMTEE
W\' - YH—#:&AQS——/{ e n-4-41<92n

(Since Eacw EpR COMTAIVUS AT LEAST 4

INNER  VERTICES)



3/2 - APPROXIMATION ALGORI\THMS

®

- DEF.: Teee Carumme PARTITIOO 15 A PARTITION
iu,,...,V,,_} SO THAT G/V./---/Vk CONTAIVS No

CYCLes OF LONGER >2.

DEF: Tree Carvivg LOWER Bound l

"lF 1V, Vild 1S A TREE CARUING PART I TOR), Thew

 [Eor| > 26-)

ALGORITHM (SKETCH) (KHULLER, TY)

- DFS TREE F Ef
. F'c E-F (computep Durivg DFs): ( FOF) 1s A 2-6csS

» TREE CARVING PARTITION WITH |F'[+] MEMBERS. J

APPROX|MATION (UARANTEE

lEl lFl*lFl<(n-4)+|Fl ¢ A (lF!(( |
lEo"' [Eorrl vnax(n ZlF") ok 2F' 12 |

1




@ | Co(6x)

DEE: del(G):= Co(G-X)-|x)). D000 ovo
46 prlelen-b
n EVER)

DEF: DEFICIERCY LOWER BOULD

REMARK: WE MAY SUPPOSE: G 15 2-VERTEK-COMNECTED

ALGORITHM : (CHERIYAN, THURIMELLA) ———-“

| F:= MiNIMUM EDGE Cover (IF|= nrdeflal)
2,
El

| F'= MINIMAL EDGE SET IN E~F (1 FoF) 15 2-VERTEX-CONECTED

¢

THM: (MADER)

F' 15 Acvere, <o [F'l € n-t.

APPROXIMATION GUARAMTEE

|E'| ||:|*|1: | <(h-4)+ nt+del(6)
i

[Eorrl [Eorel ~ max(n, nrdeftars)

/N




DEF.: FOR A 2-€C GRAPH G,

(P(G):=MINIMUM NUMBER OF EVEN EARS
IN AN EAR-DECOMPOSITION OF 6.

AN EAR-DECOMPOSITION IS OPTIMAL
IF 1T CONTAINS P(G) EVEN EARS.

THM: (FRANK) ANV OPTIMAL EAR-DECOMPOSIT(OM
CAN BE CONSTRUCTED IN POLYNOMIAL TIME.

KEMARK: :

MIN. 2-ECSS PRORLEM = 0D AN EAR-DEC.
WITH MAXIMUM MNUMBER OF A-EARS.

RELAYATION ¢ FIND AN EAR-DECOMPOSITION

WITH MAXIMUM NUMBER OF ODD FEARS.

|
FIND AN EAR-DECOMPOSITI(OL

WITH MINIMUM NUMBER OF EVEMN EARS



DEE: W- LOWER BoumD

l! [EOPTI ? I’H—CP-—J'.

('Eor-r) =hn *# ars -43
“_"'(?(Gorr)"'l 2 n+-4. )

ALGORITHM : (CHERIYAN, SEBQ, Sz.) —
T———-———m J
+ TAKE AV OPTIMAL EAR-DECOMPOSITION OF G,

+ DE\LETE THE A-EARS.

APPROXIMATION (AUARAMTEE :

‘%l =0
E'l - n+4f eon —4_ h+ff0ﬁmn+w-/l<
’Eorrl ]Emr | [Eorr) i

—

. 4 N -
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EVEL RETTER APPROXIMATION ALGORITHM -

DET.:. COMPOMVENT LOWER RouLwd

| Eger| 7 N=[S]+c(G-5) S¢@.

ASSUMPTION: G IS 2-veRTex- COMECTED.

ALGOR (THM : (CHERIYAN, SERO, S2) —

%'TAKE AN OPeEn OPTIMAL EAR-DECOMPOSITIOL

T

- © USING EAR SPLICING STEPS , FID AL OPTIMAL

R

EAR-DECOMPOSITION SO THAT

(T:=SET OF INMER VJERTICES OF THE %—EARS)

IF AN EAR P STARTS IV weT THEW
P=uv (4-eaR) 4w 44T

| « DELETE A-EARS,




EAR SPLICING -

FACT :

Eoe|234, o= 3eams
(,EOPT, ? n'—"V‘Tl + C(G"(V—T)):n_(h_ll) "‘{“‘Zl)

APPROXIMATION QUARANTEE:  _ p_gp

IE'l _ ndpean —{ m@my@tm%(#%oov e%)——/f
<
lEoprl IEO?r[ ,EOP"I |
5 { ' |
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COMNCLUSIOR

DEE: A SET OF CuTs OF G (5§ A 2-PACKING

OF CUTS IF EACH EDGE OF G RELOMGRS TO
AT MOST 2 OF THEM.

DEF: 2-—PACKIVG Lower TFound

F 2P 1s A 2-PACKIVG OF Cuts THEW

| Eoer| > |21,

ALL THE EaeLiER BOULDS ARE SPEC(AL
CASES OF THIS Qouup.

DEGREE BOUMD: P:={dw): we VS
IP[ =n

TREE CARVING Roumd: @

33== E).x FUUDAMENTAL Cuts OF THE

|Pl= 24-2



DEFICIEMDCY ROUMND

SPECIAL CASE OF CoMPOLEMT Bouws

| COMPONENT TBRouwmpd :
P:= {J@‘)'-u-e V—-s} v {J(K)f K COMPONENT OF G-Sf
P)- m-[s| + <(G-5)

Y- Bouwd :

LOVAS

| |
MAX [ MAX [2]) =2 MAX(MIUISFTI):.
T ?;’::ff&:’i T T-low

= 9. VY94 _ e

p 5 T
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