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PART I
FIRST-TRY:
DENSEMAX-CSPINSTANCESAND
SMOOTH INTEGER PROGRAMS

PART II;
MIN-CSPINSTANCES

PART III:
APPLICATIONS.
METRIC AND
QUASI-METRIC PROBLEMS

APPROXIMATION SCHEMES FOR DENSE GRAPHS AND SOME CSP FRROBLEMS — p.4/48



PRELIMINARIES:
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DENSEINSTANCES

ARE IN MANY
CASES-VERY-

“NATURAL"” | NSTANCES.

= ( DENSITY IN MANY CASES

A SENSIBLE PARAMETER )
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OPT.
PROBLEM

BOOL.FORMULAS

'ALMOST ALL’ GRAPHS, k-SAT FORMULAS,...
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APPROXHARDNESS?
(DENSE PCP??
OPT.

PROBLEM

BOOL.FORMULAS .

e AVOIDING PATHOLOGIES
OF NON-DENSEHARDNESS

CLASSIC.NP-H.

'ALMOST ALL’ GRAPHS, k-SAT FORMULAS,...
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DENSITY

IN OPT. :
. Q(n*) EDGES
. Q(n*) CLAUSES

IN K-SAT FORM.’S
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-DENSITY

—EXAMPLE:
MAX-CUT.
G:: MAX
V; ? Vo
- OPT

D
: T

MAX-cUT (G) = OPT
MAX-CUT (G & K,,) = OPT+ %
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G @ K, HAS
()(n?) EDGES
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= BEYOND
DENSITY.

= "M ETRIC/ GEOMETRIC
SITUATIONS”
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= [ APPROXIMATION FEASIBILITY ]

VS. NP.
NP

/‘y/AF-CLASS

APPROX ANALOG TO
THE NP-CLASS: MAX-SNP
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Two NOTIONS
OF AWPPROX.'S:
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AF-CLASS
I
EPTAS
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e AISCALLED AN
EFFICIENT PTAS (EPTAYS)

IF ITS RUNNING TIME IS

If(l/e)l-nO(l).

A

OUGHT To BE “SMALL” }

GROWTH FUNCTION.
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O-ABsSOLUTE

PTAS (f_"/\ PT_Aé)
CONDITION:

|oPT-Y|<¢€e,
For ALL €50

IF OPT 1Is oOF
ORDER ¢ ( 0PT=Q(3))

0
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\:_,...




e DeNSE Max-csP
HAS ?TAS_S

[AKKSA51
ReE 27

e SURDENSE MAxX-CSP
',':HA% _PTAS s
' (FKOS1




e APPROXIMATION HARDNESS

(WITH RESPECTTO APPROX RATIO 7):

ACHIEVING A.R. r

IN (RANDOMIZED) POLY TIME
= NP=P (NP=RP,NP=c&P,...)
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e APPROXIMATION HARDNESS

(WITH RESPECTTO APPROX RATIO 7):

ACHIEVING A.R. r

IN (RANDOMIZED) POLY TIME
= NP=P (NP=RP,NP=c&P,...)

(PCRTH. =V X MAX-SNP-HARD
Jde>0[X IS APPROX HARD WITHIN 1+¢].)
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*“WORLDS OF MAX-OPT. APPROXIMATION:

PTAS No PTAS
(SPIPs (MAX-SNFP-
PROGR, HARD FOR
.., 95) b =3,
'91, '92)

ExXPL. CONST.

| e DENSE] | @ SPARSE]
MIN. DEG. MAX. DEG
= 0(n) (©(n*)-EDGEY) < b (CONST.)
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'95 = 2000/°'01] MIN
“WORLDS" OF MAX-OPT. APPROXIMATION:

PTAS No PTAS
(SPIPs (MAX-SNFP-
PROGR, HARD FOR
..., ' 95) b =3,
'91, '92)

ExXPL. CONST.

v
O(n?)-

| e DENSE] | @ SPARSE]
EDGES
MIN. DEG. MAX. DEG

= O(n) (O[Z3E0GES) < b (CONST)
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e DENSEINSTANCES

a-DENSE GRAPHS
(MIN DEGREEOF G = (V, E)Is>alV|)

e A GRAPHISDENSE

IFITSMIN DEGREEIS O(n)

( A GRAPHISDENSEIN AVERAGE

IF IT HAS ©(n*) EDGES))
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=| OPTIMIZATION CLASSES

0-CLASS:
e LONGESTPATH

o TSP

1sT CLASS: | (LocAL CONSTR))

e MAX-CUT
e BISECTION

2ND CLASS:

e SET COVER
e STEINER TREE

3RD CLASS:
e BANDWIDTH
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Rer, [4]



5 APPROX APPROX R
ROBLEM RATIO HARDNESS ="
DENSE
S PTAS — [AKK95]
MAX-SNP
DENSE
PTAS — [AKK95],[FV96]
MAX-CUT
DENSE PTAS — [AKK95]
MAX-DCUT
DENSE
S PTAS — [AKK95]
MAX-HYPERCUT(d)
DENSE
S PTAS — [AKK95]
DENSE-K-SUBGRAPH
EVERYWHERE PTAS _ [AKKO5]
DENSE SEPERATOR
EVERYWHERE
PTAS — [AKK93]
DENSE BISECTION
EVERYWHERE
PTAS — [AKK93]
DENSE MIN-K-CUT
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P APPROX APPROX R
ROBLEN RATIO HARDNESS EF.
DENSE MIN-LINEAR-
> PTAS — [AFK96]
ARRANGEMENT
DENSE d-DIMENSIONAL- e B G
ARRANGEMENT
DENSE MIN-CUT-
PTAS — [AFK96]
LINEAR-ARRANGEMENT
DENSE
(Nc-Inn OPEN [KZ97Db]
SET COVER c
DENSE
N PTAS — [KZ97D]
STEINER TREE
DENSE 5
MAX-SNP-hard KZ97b
VERTEX COVER 2 Vi-e [ ]
EVERYWHERE
2 MAX-SNP-hard | [KZ97b]
DENSE VERTEX COVER 1+
EVERYWHERE
3 OPEN [KWZ97]
DENSE BANDWIDTH
EVERYWHERE . OPEN S

DENSE DBANDWIDTH
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4TH CLASS:

(METRIC PROBLEMS)

e METRIC MAX-CUT )

4*TH CLASS:

(GEOMETRICAND METRIC
GRAPH PROBLEMYS)

e PARTITIONING PROBLEMS
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(='0-CLASS
DENSE'M ETRIC TSP,

LONGESTPATH. )

QUALITATIVE RESULTSCONNECTED

TOo BOTH

DENSEAND VERY

SPARSESITUATIONS (!)
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NP-HARDNESSAND DENSITY

a-DENSE GRAPHS
(MIN DEGREEOF G = (V, E) Is> a|V])

e HC ( HAMILTONIAN CYCLE PROBLEM )
ISINP FOrRa > 1/2,
e HC ISNP-HARD FOR a < 1/2.
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e LONGESTFPATH IS APPROX HARD
ForRa < 1/2 ([FVK98]).

¢(1,2)-TSP BAPPROX HARD
FORa < 1/2 ([FVK98]).

HC, (1,2)-TSPc P
(e NC)

I I
O O O
O ) %

Non Approx.
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= ANOTHER'M ETRIC' PROBLEM
DENSE(1,2)-TSP

I

SUBGRAPH SPANNED BY THE EDGESOF

LENGTH 1 IS DENSE

THEOREM ([FVK98],[FS98]).
FOREVERY 0 <d < 1/2,

(1,2)-TSPINST. OF MIN. DEG. > dn
HAas A PTAS= (1,2)-TSPHAs A PTAS
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e APPROX HARDNESSOF (1,2)-TSE
r*=1+1.34-107° (743/742) [EKOO]

4

1/4-DENSETSP:
P =1+1.07-103 [FVK98]

(BESTUPPERBOUND:
1.1429 (8/7), [BKO6].)
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3-Occ-E3-LINZ2

LOWERB.:
1.0163[BK99]
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 —
Td—

FOR

=
|

142

1+£&*.
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CLASSESOF DENSEOPT. PROBLEMS

= 1ST CLASS (LOCAL-CONSTRAINT)
e MAX-CuUT
e BISECTION
e MAX-SNP

= 2ND CLASS (COVERING PROBLEMS)
e SET COVER
e STEINER TREE
e VERTEX COVER

= 3RD CLASS (BANDWIDTH PROBLEMS)
e BANDWIDTH
e DBANDWIDTH
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1sT CLASS

(I[AKK95],
[FV96]. |)
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Vi Max VW,

e BISECTION

MIN IN “50/50”-CuT
(EQuUI-CuT) |V4| = | V3]
(“STATUS” W IDE OPEN!)
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[“DENSE’-I DEA:]

SAMPLE CUTS

EXHAUSTIVE
SAMPLING

O(logn)-SAMPLE
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PLACEMENT METHOD
BY EXHAUSTIVE SAMPLING:

e TAKE A SAMPLE OF
O(logn) VERTICES

e EXHAUSTIVELY TRY ALL

POSSIBLEPLACEMENTS (IN L, R),

90(ogn) _MANY DECIDE

WHERE EACH VERTEX OF THE

SAMPLE BELONGSIN OPT CuUT.
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DENSITY = WITH HIGH

PROBABILITY (1 — n 7, 3 CONST))

SOME OF THE NEIGHBORS

OF V WHERE SAMPLED.

EASY DECISIONS
IF TL(V)| < [Tr(V)]
OR T (V)| > [Tr(V)

“DIFFICULTY"

|F

L (V)] = [Tr(V)]
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/" @ciba
me\oot/hz E Method
L—Programml@ ————————————————————
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SPIP-
PRroOGRAMS




0
SP1P-
PRoGRAMS |

SMooTH  PoLyNoMraL
INTEGER PROGRAMS



P10 |

LET PE€ 2 ... x]
é_; A DEGREE K
PoLYNOMIAL WITH
INTECER COEFF. S,

LET

— fesrn
E;-_-.-/ a.M; |
B L= | %_T,NJ

—

COEFF HOAA‘)-O-




4

r p IS CALLED

!

|

)E-——-

T s
ConNSTANT C>0O, TFF

-_— =

kK — DEG (M)
(C(;\ S C'Q,,_’——J

L’_’fﬂs









[ “SMOOTH” PROGRAMS]

( MAX-CuUT:
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= WRITE A
QUADRATIC INT. PROGRAM:

max { Z (@i - (z:(1 — ;)
+a;(1- ) |
o|z; € {0,1}

( A= [CLij] |S THE
ADJ. MATRIX OF G )
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