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The Problem (HSTP) The Node Hop-indexed Model The Arc Hop-indexed Model

e Given , _ . _ ie N\ {0}: y;=1,if i €S (0, otherwise)
e a directed graph G = (N, A) with: PENN{O}: i =1, ifi €5 (0, otherwise) (ij)EA: xj=1,if (i.j) € A(S) (O, otherwise)
, (ij) €A x; =1, 1if (i.j) € A(S) (0, otherwise) (i.j))EA he {1YUH: z! =1, if (i,j) is in position h in the patho—; (0, otherwise)
e node set, N = {0,1, - ,Tl}, e N\{0},he {1} UM : v;h =1, if i is at distance h from the root (0, otherwise) “ “ v “
e arcset, A = {(i,j):i,j € N}anda function¢;; > 0,V(i,j) € A 5 " Y xj=y jeN\{0} (1)
I Xij = Y J € N \ {O} 1 (AH) model (ij)EA
* required nodesset, R € N,0 € R (e 2 =xp; j:(0.)€A (11)
> e i, i/ S 1Y S W=y ie N\ {0} (2) S al=x; i€ N\{0} (ij)€A (12)
e Find an arborescence G’ = (S, A(S)), rooted at 0 with S € N, A(S) < A: he {1} UM e
| >z e N\{0}, (i,j))e A, he H, h> 3 (13
L R g S,lpatho_)rl S H arCS ) VT E R V:fl :Xﬂj (D,_f) E A (3) U{ )FZA_R#OZM - ZU f E "*x_ { } (f J'I) - ] = ?_ ( )
_ : . h—1 h .. . o
e C(A(S)) = Xijyea(s) Cij is minimum i +xj<vi+1 (ij)eA e N\{0}, heH (4) 2;>22 ijeN\{0}:(0,7),(ij) € A (14)
- I vii +x; <1 (ij)€ A i€ N\ {0} (5) yi=1 ieR\{0} (6)
XdMPIes yi=1 ieR\{0} (6) xi € {0,1} (i,j) € A (7)
xi € {01} (7)) € A (7) yi€{0.1} i€ N\{0} (8)
yvie{0,1} e N\ {0} (8) zi €{0,1} e N\{0}, (i,j)e A, heH (15)
L e{0,1} (0.)) €A 16
| 5 vie{0.1} ieN\{0}, he {1}UH (9) 2 € 10,1} (0.J) (16)
e H = 2: no solution '. I 1 S [©
O Sy N N CE) R T : : : : - Model (AH) dominates (NHB™) in terms of the Linear Program Relaxation
R S [ e Model (1) - (9) is not a valid formulation for the HSTP since conectivity between the root
IS O R R P It node and the required nodes is not guaranteed Strenghening constraints (13) by removing Zji_l from the summation:
Z z/71 > z{-? i€ N\{0}, (i.j) e A,heH, h>3 (13*)
o 2k-- -0 L 10 Strenghening and generalizing constraints (4): (k.i)EA.k£0, j
N A IS VT g <> vy e N\{OL (i) e AMCTH (4Y)
5&:% N, | heM heM N )
e H=3:C(A(S)) =40 B Tem e K New Valid Inequalities (symmetric version of (4)):
4 M J 10¥
L N vi+x; < v 41 ie N\{0},(i.j)) €A heH (10) Results
! - ;I_E * Instances: Symmetric complete graphs with 20, 40 and 80 nodes, 20%, 40% and 60% required nodes and
H =2,3,4,5
2110 /oy L e * Tested models: (NHB"), (AH) and (AH™)
P " Model (NHB): (1) - (3), (5) - (9), (10) is a valid formulation for the HSTP * Linear Programming gaps:
'._‘_1:::'-_ 10 5 el _ e ﬂ / 10 * increase with increasing H, decreasing number of required nodes
'. ' f_a} : 55..-1':5'::—5;::?;' 3 Strenghening and generalizing constraints (10): * the weaker arc model (AH) reduces the node model (NHB*) LP gaps in 0% - 17%
o H =4 C(A (S)) = 35 ‘.1_“] _ 5 5 5_ E' V‘l"‘z S < }""‘Z - N\{O}. (i.j) € A.Q CH (10%) * the stronger arc model (AH ™) reduces the arc model (AH) LP gaps in 0% - 12%
., __--=TT T T ) . J J vy =7 i AT Y= e CPU times:
Ahk-._ 1 _ ® {1_1;“\10 T heQ heq * LP relaxation: 0 — 40 sec.; Integral models: arc models less than 30 sec., (NHB*) spent more time (some = 1 hour)
LR - | 8
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