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Carrot crop management

@ Carrot/sprinkler problem (client/server)

@ Given n carrot locations, where to place m
sprinklers, and with what radius, so ’rha’r
every carrot is watered?

® Minimize the cost (sum of radii of sprinklers)

@ In general: covering cost = ! 1.



(discrete): sprinklers must be
placed among discrete locations
(a) on a given line
(b) anywhere in the plane
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@ Variant 1 (discrete): sprinklers must be
placed among discrete locations

@ Variant 2 (1-dimensional): sprinklers are on a

continuum but restricted to 1-dimensional set
(a) horizontal line (given, or can be chosen)

(b) arbitrary orientation line
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@ Variant 1 (discrete): sprinklers must be
placed among discrete locations

@ Variant 2 (1-dimensional): sprinklers are on a
continuum but restricted to 1-dimensional set

@ Variant 3 (min-cost covering tour): minimize a
combination of covering and touring cost



Our results

@ Discrete problem on a line with linear cost:

D
o
o

LTPO5] O((n+m)3) dyn. prog. algorithm
LTPO5] 4-approximation in linear time

this paper] 2-approximation in O(n log n) time

@ 3-approximation in linear time
@ Discrete problem in the plane with linear cosft:

@ [LTPOS5] PTAS, no O(1)-approximation
@ Discrete problem in the plane with superlinear cost:
@ [BCKKO5] NP-hard (" 22) and PTAS for any " 21

(cont.)






Our results (cont.)

@ Continuous problem on a fixed given line:

@ O(n?
@ O(n*
a O(n®
@ O(n)

og n) dyn. prog. algorithm for linear cost
og n) for superlinear cost (any L;)

og n) for superlinear cost (L)

time 3-approximation for any cost (L)

@ O(nlog n) time 2-approximation for linear cost (L)

(cont.)

[Reid05] “process carrots are often grown
on ridges or on beds with several single
rows, whereas table carrots may be grown
on beds with several double rows...”



@ Constant approximations:

d heuristics: [LTPO5]
+ growth: prefer to grow existing circle
rather than connect to closest center if
leads to smaller costs

@ Greedy heuristic with growth: order the
clients, pick greedy choice and grow
circles if cheaper than making a new



Ideas of the proofs?

algorithms:

MINSUMOFRADIUSCIRCLECOVER(Y) :
for every pinned circle C
find the leftmost and rightmost points enclosed by C
Cog[0]! O
fori! 1ton
Cost[i] ! !

for each pinned circle C owned by pj
if no points in P lie directly above C
pj ! leftmost point enclosed by C
Codgt[i]! min{Cog]i], Cost[j" 1]+ radius(C))}
return Cost |N]




@ More dynamic programming:

MINSUPERLINEARCOSTCIRCLECOVER(Y, f) :

sort the pinned circles from left to right by their centers
Cost[0] +— O
forj«—ltop+1

Cost[j] <!
fori<1toj—1
if C; and C; exclude each other( apexes and B(C;,C;) is empty
Cost[j] < min{Cost[j], Cost[i]+ f(radius(C;)))}
return Cost[p + 1]







Our results (cont.)

@ Finding

the best horizontal line;:

@ uncomputable exactly by radicals

@ 3- and 2-approximations extend with extra O(n?)
@ O(n’log n) PTAS for linear cost

@ O(n*log n) PTAS for superlinear cost

@ Finding
a O(n’®
@ O(n*
@ O(n°

the best line (any orientation):

og n) 8+/2-approximation for linear cost
og n) 4-approximation for linear cost
og n/€?) PTAS for linear cost



Our results (finally)

® Min-cost covering tour (MCCT) problem:
@ consider only for linear cost
@ = tour cost / covering cost
@ NP-Hard if ratio C is part of the input
@ min. enclosing circle if C<4
@ PTAS for C>4



@ Uncomputability:
® same ideas as Bajaj's uncomputability of
Fermat-Weber problems [B86]

o PTAS:

@ Shifting techniques: for finding best
(horizontal or arbitrary orientation) line,
use exact algorithm for each shiff, shift
densely enough

@ Guillotine subdivision: combining tour with
linear cost covering with disks.



Conclusion

@ Lots of variants left unexplored...

@ better constant approximations? e.g., discrete
2D case (none known)?

@ MCCT: PTAS for superlinear costs?

® NP-Hardness of MCCT, or discrete 2D with
linear-cost problems?






