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Definition (3-Partition):
Given: Multiset S of 3m positive integers
with

∑
s∈S = mT

Question: Is there a partition of S into m disjoint
subsets S1, . . . , Sm s.t. each sums up to T ?

General Idea
Reduction from 3-Partition

S = {1, 6, 8, 3, 7, 5}
m = 2, T = 15

{1, 6, 8}, {3, 7, 5}

Theorem [Garey & Johnson 1979]
3-Partition is strongly NP-hard
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� for each value si there is a value request vi

Goal: partition of values corresponds to
grouping of value requests into m ascending subroutes

� sum of values to T in each set is enforced by a promise request per set

Given 3-Partition-Instance S :

⇔ τ = 2m − 1

Problem: not always one promise request in each subroute
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Hard MinTurn

� for each value si there is a value request vi

Goal: partition of values corresponds to
grouping of value requests into m ascending subroutes

� sum of values to T in each set is enforced by a promise request per set

� one promise requests per subroute is enforced by m filter requests

Given 3-Partition-Instance S :

⇔ τ = 2m − 1
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Set service time ts = 1 and service promise ρ < 2
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Filter Requests
� DTT = 1⇒ MTT < 2
⇒ no two filter requests can be served in same subroute
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Set service time ts = 1 and service promise ρ < 2

Value Requests
� value request vi consists of si smaller requests
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Set service time ts = 1 and service promise ρ < 2

Promise Requests

� need ∆ = 2(1 + T + 3m)
� make DTT large enough such that ρ < 2

Goal: grouping of value requests into m subroutes corresponds to 3-partition of S

S = {1, 6, 8, 3, 7, 5}
m = 2, T = 15(ρ− 1) · DTT

X
τ = 2m − 1⇔ S has 3-partition

Theorem
MinTurn with service promise & service time is NP-hard
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Open Problems

� Can the parameterized algorithms be improved?
Is there an FPT algorithm for MinTurn without
time windows?

� What about heuristics /
approximation algorithms for MinTurn?


