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An O(n + qlogn) algorithm for the route-enabling graph orientation
problem on cycles

SAwA MicHIHIKOT!?)

Abstract: For a given edge weighted undirected graph G with n vertices and a set of pairs of vertices
(s1,t1),...,(Sq,tq), the min-sum (resp. min-max) route-enabling graph orientation problem is to find an
orientation D of G which minimizes the sum (resp. max.) of the shortest distances from s; to ¢; in D. In
this paper, we propose O(n + glogn) algorithm for the problem on cycles. An O(n2 + nglogn) algorithm
on cacti is introduced by our algorithm in the straight forward way.
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Algorithm 1 0000000

(Si,ti) 0 (si,(si—ti) modn) oooooooood
//0000000
result < min { >, dew(si,ti), 2, decw(Si, ti) }
// 000
INITIALIZE_.STRUCTURE()
forie{1,...,q} do
ifs;=1 ort;=1 or {n,1} € ccw(s;,t;) then
SET_CW (%)
else
SET_-CCW (%)
end if
end for
// 00000000
forue{1l,...,n} do
a+min{i|1<i<gq, si=u}
b+ max{i|1<i<gq, si=u}
forie{i|1<i<gq, ti=u}do
SET_CW(%)
end for
if CHECK_FEASIBILITY() then
result <— min { result, CURRENT_OBJVAL() }
end if
for i € {a,...,b} do
SET_CCW (%)
if CHECK_FEASIBILITY() then
result < min { result, CURRENT_OBJVAL() }
end if
end for
end for
Return result
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L LA+r)/2)L,[[(+r)/2],r)DO0C0O0OO.
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Algorithm 2 Segment Tree
procedure ADD(T, I, r,v)
if [I,7] N T.interval = @ then
return
end if
T.sum < T.sum + v x #(T.interval N [, r])
if [I,r] D T.interval then
T.added < T.added + v
else
ADD(T.left,l,r,v)
ADD(T.right, 1, r,v)
end if
end procedure

procedure GET(T,,r)
if [I,7] N T.interval = @ then
return 0
else if [I,r] D T.interval then
return 7T.sum
else
return GET(T.left,l, )+ GET(T.right,l,r) + T.added *
#(T.interval N [l,7])
end if
end procedure

1 if eeA,
la(e) = 0
0.W.

ooo0. o000,

(%ew * Zeow) = (Zew * Zecw)
= (2Zew = Lew(sits)) - (Zeew + Leew(si i)
—(2ew * Zeew)
= (Zew " Zeew) = (Leew(ss,ts) ~ Lew(sits))
+(Zew * Leew(si,t)) = (Zeew * Lew(ss b))
—(%ew * Zeew)
= (zew - 1ccw(s,¢,t,;)) — (2cew - lcw(si,ti))

= Z Zew(€) — Z Zeew (€) (3)

e€cew(sq,ti) e€cw(si,t;)

0o00.00,y;0 ccwO0O ewDOOOOODOOODODO.
Zews Zeew 1 0000 segment-tree O, OO OO Tow, Teew
00,0000000 abp,geT0000,0 (1)0O0OO
OOooO0o0O. 0 3)o0oooo, Algorithm3 00000
O,y0DO0DOODODOOO.
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Algorithm 1 00 O00O0OO0O0COO. Algorithm 3 0
SET_CW,SET_CCW O,0000 segment-tree 00O 0O
O0000,000000 Olegn)DOO. ODOODOOO
00000, minsum 0000 O(1), minmax 0000
O(logg) 0DO0O.O0D0,0000000, min-sum O, min-
max 000 O(1) 000. 00 70 y** 0, 0(n+q) 00
O00,00800,y 0000 0(g0Oo0O0.0000
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Algorithm 3 feasibility 0 O O

procedure SET_CCW(i)
if y; = ccw then
return
end if
dot < dot + GET(Tcw, ccw(8i, t;)) — GET(Toew, cw(si, ti))
ADD(Tew, cew(si, t;), +1)
ADD(Tew, cw(si, t:), —1)
Yi < CCW
end procedure
procedure SET_CW (%)
if y; = cw then
return
end if
dot < dot + GET(Tcew, cW(Si, ti)) — GET(Tew, ccw(ss, t:))
ADD(Tew, cw(si, t;), +1)
ADD(Tcew, cew(Ss,t3), —1)
Yi < CW
end procedure
procedure CHECK_FEASIBILITY
return dot =0
end procedure

000, Algorithm 1 0000000 O(n+q(logn+logq))
0000,st0000000000,q¢=0(x?). 000,
Algorithm 1 0000000 O(n+qlogn) OO0,

ugd O0bbboooobbooobbo,o0,boooo
gooobooboooo,0obbbbo0ooobobobobooooga
ogooao.
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