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2-CSP K-max-coverage K-median

. Input: Graph G = (V, E) and
constraints:

6 ={C,C XXX}

« Output: Assignmenteo: V- X

Maximizing:

Pr [(o(u),oc(v)) € C(u,v)]
(u,v)~E



2-CSP K-max-coverage K-median

. Input: Graph G = (V, E) and . Input: 5, ...,5, C [n] and
constraints: integer k
6 ={C,C XXX}

. Output: Sl-l, el Sik maximizing:

« Output: Assignmenteo: V- X

maximizing:
U SZJ
( P)r o). 0(v) € Gy jelk]

n



2-CSP K-max-coverage K-median

. Input: Graph G = (V, E) and . Input: 5, ...,5, C [n] and . Input: Clients C, Facilities F,
constraints: integer k distance A : CX F = Ry,
6 ={C, CLX2L},cp and integer k

. Output: Sl-l, el Sik maximizing:

. g:;m;r:}A.s&gnment oc: V-2 ) Output:fl, afk cF

g: o

s minimizing:
Pr [(o(u),6(v)) € Cy,) K
() ~E (1:9) / Z min A(c, f))
n 1€[k]
ceC



2-CSP K-max-coverage K-median

+ Input: Graph G = (lk], E)and  « Input: $,,...,S, C [n], and . Input: Clients C, Facilities F,
constraints: integer k distance A : C X F — R,
6 = {C, C [n] X (1]} cr and integer k

. Output: Sl-l, el Sik maximizing:
. g:;zt;i:r:}A.sagnmenta: k] — [n] . Output:fl, afk c F
g: o
s minimizing:
Pr [(o(w),6() € Cy)] =TI
() ~E (1:9) / Z min A(c, f))
- ie[k]

ceC
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» Input: Graph G = (lk], E)and - Input: S, ..., S, C [n], and . Input: Clients C, Facilities F,
constraints: integer k distance A : C X F — R,
6 = {C, C [n] X (1]} cr and integer k

. Output: Sl-l, el Sik maximizing:
. g:;zti;T%A.sagnmenta: k] — [n] . Output:fl, ’fk c F
g: o
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Pr [(o(w),6() € Cy)] =TI
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2-CSP K-max-coverage K-median

» Input: Graph G = (lk], E)and - Input: S, ..., S, C [n], and . Input: Clients C, Facilities F,
constraints: integer k distance A : C X F — R,
6 = C, C [n] X[n]},cp and integer k

. Output: Sl-l, el Sik maximizing:
° g;;ﬁti;T%A.sagnmenta: k] — [n] . Output:fl, afk cF
7 MiNiMizing:
J S
Pr [(G(M)a O-(V)) = C(u,v)] ]E[k] ! .
(u,)~E Z min A(c, f;)
n ceC (ELK]
W/[1]-complete W|[2]-complete W|[2]-complete

‘What about FPT Approximation?.




FPT Approximation

2-CoP

. Input: Graph G = ([k], E) and
constraints:

€ = {C, C [n] X [nl},ex

- Completeness: J¢: [k] — [#1]

Pr [(6(u).0(v)) € Cyp)l >
(u,v)~E

- Soundness: Vo : [k] — [n]

Pr [(o(u),o(v)) € C, 0] <
(u,v)~E

K-max-coverage

. Input: §,, ..., 5, C [n], and integer k

. Completeness: EISl-l, U Y

U S

jelk]

n

. Soundness: ‘v’Sil, A ¥

U S

jelk]

n

Uk

IV
o

Uk

k-median

. Input: Clients C, Facilities F),

distance A : CX F — R,

. Completeness: df,,...,f, € F

Z min A(c, f) < ¢
1€[k]
ceC

- Soundness: Vf,,...,[, € F

2 min A(c, f) > s
(E€[k]
ceC



- Soundness: Vo : [k] — [n]

FPT Approximation

2-CSP K-max-coverage — K-median

. Input: Graph G = ([k], E)and - Input: §;, ..., 5, C [n] andintegerk -« Input: Clients C, Facilities F,

constraints: o distance At CXF = Ry
6 =1C CnlXInlter [l , we get exact versions

' , Completeness: df,,...,f, € F

C L But we are interested when
- Completeness: ¢ : [k] — [n] | |

~and s s bounded away 1o | [ STNEEAR:

Pr [(o(w),o(v)) € Cy,.,)] = o =C cec '€lK]

(u,v)~E

. Soundness: VS, , ..., §; . Soundness: Vf,...,f, € F

Pr[(0(u). o(v)) € Ciy ) <3 s ZC min A(c,f) > s
(u,v)~ itk cE

n



- Soundness: Vo : [k] — [n]

FPT Approximation

2-CSP K-max-coverage — K-median

. Input: Graph G = ([k], E)and - Input: §;, ..., 5, C [n] andintegerk -« Input: Clients C, Facilities F,

constraints: o distance At CXF = Ry
6 =1C CnlXInlter [l , we get exact versions
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C L But we are interested when
- Completeness: ¢ : [k] — [n] | |
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(u,v)~ itk cE

n



- Soundness: Vo : [k] — [n]

FPT Approximation

- |
2-CSI K-max-coverage — K-median
. Input:- Granh (7 = (Tl F\ and  Input: $,,...,5, C [n] andintegerk - Input: Clients C, Facilities F,
cc  Parameterizec . distance A : CxX F — Ry,
& Inapproximanility - i ,we get exact versions [ S rer
- ' , ompleteness: 17, ...,
o Hypothesis B But we are interested when , v
PIH) " oY Y min Ae,f) < c
[Lokshtanov-Ramanujan- s /. ielk]
w  Saurabh-Zehavi1/7] & -

. Soundness: VS, , ..., §; . Soundness: Vf,...,f, € F

Pr [(o(u), 0(v)) € Cy,p)) < s s D, min A(C.f) > s
(u,v)~E ek J ceC

n



- Soundness: Vo : [k] — [n]

FPT Approximation

Tight .
cmax-coverage ipk-median

2-CoP

- Input: §;,...,5 C [n] andintegerk -« Input: Clients C, Facilities F,

cc  Parameterizec distance A : CX F — Ry

6 Inapproximability

‘Completeness: A, ... EF

Hypothesis A
+ G nl |
(PIH) | - and Z min Ae. f) < ¢
[Lokshtanov-Ramanujan- e i l
w  Saurabh-Zehavi1/] n ceC

. Soundness: VS, , ..., §; . Soundness: Vf,...,f, € F

Pr [(o(u), 0(v)) € Cy,p)) < s s D, min A(C.f) > s
(u,v)~E ek J ceC

n



FPT Approximation

: Tight .
2-CSP cmax-coverage ipk-median

- Input: §;,...,5 C [n] andintegerk -« Input: Clients C, Facilities F,

cc  Parameterizec distance A : CX F — Ry

6 Inapproximability -

‘Completeness: A, ... EF

Hypothesis A
+ G nl |
(PIH) | - and Z min Ae. f) < ¢
[Lokshtanov-Ramanujan- e i l
w  Saurabh-Zehavi1/] n ceC

. Soundness: ‘v’Sil, LS . Soundness: Vf,...,f, € F

- Soundness: Vo : [k] — [n]

in A(c, f) >
TH=SPH Js, 2, mip AR >

| Guruswami-Lin-Ren-Sun-Wu'24 | - <
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FPT Approximation
2-CoF —maX—COverageTm—median
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FPT Reductions




It approximating k-max-cove

otep .

(7, (1 — o) - 7) k-max-coverage

on universe |n]

v

(7', (1 — €) - 7') k-max-coverage

on universe of size Os(klog n)

7' and € are functions of o

to 1 — e factoris W]

-comp

then PIH is true.
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It approximating k-max-cove

otep .

(7, (1 — o) - 7) k-max-coverage

on universe |n]

v

(7', (1 — €) - 7') k-max-coverage

on universe of size Os(klog n)

7' and € are functions of o

to 1 — & factor is W[1]-comp
then PIH is true.

otep

‘age

ete,

(7', (1 — €) - ') k-max-coverage

on universe of size Os(klog n)

v

(c,(l —¢€)-c)Valued 2-CSP

c = 0 (7)

otep 3



It approximating k-max-cove

otep .

(7, (1 — o) - 7) k-max-coverage
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v
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-comp
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otep .

(7, (1 — o) - 7) k-max-coverage

on universe |n]

v

(7', (1 — €) - 7') k-max-coverage

on universe of size Os(klog n)

7' and € are functions of o

I approximating k-max-coverage

to 1 — & factor is W[1]-complete,
then PIH is true.

Randomly hash [n] to
- universe of size Og(klog n) |



It approximating k-max-coverage

to 1 — & factor is W[1]-complete,
then PIH is true.

St@p /  Partition Universe to U; U ++- U Uy,
| log n |

Where ‘Ul‘ —

logk

(7', (1 — ¢€) - ') k-max-coverage
on universe of size Os(klog n)

v

(c,(l —¢€)-c)Valued 2-CSP

Variable x; is assigned f : U, = [k]
Variable y; is assigned input set §; |

¢ = 0,(7") Constraints between x; and y; measure

fraction of U; mapped to j and covered by SJ



It approximating k-max-coverage

to 1 — & factor is W[1]-complete,
then PIH is true.

otep 3
-~ Values of a constraint can
(c,(1 —¢)-c) Valued 2-CSP ’ log n ;
take one of 1 + entries

logk

There are at most (2>

, constraints, so we can
enumerate all possibilities
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