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s | c it

. e—e—9—9—9 © 0 0 o

dg\e,7(S, 1) = min
Sburce: frbhﬁ s

Divide and Conquer Strategy:
R =G\ mg(s,c)

1. “Wisely” choose “midpoint” ¢ € mg(s, t) and split 7g(s, t) = 7a(s, ¢) o ma(c, t);
s c b

e o o o o—eo—9o—0—90

2. Via SSRP algorithm: compute dg\¢ (s, t) forall e € mg(s,¢) and f < 7g(c, 1);
Source: from ¢

3. Create “wisely” two graphs A and B such that:
® da\e(8, c) allows us to infer dg\e ¢(s,t) forall e, f € ma(s, ¢);
foralle, f c mg(c, f). 5/6

® dg\.(c,t) allows us to infer dg\c (S, t)
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Proof Overview:
on undirected graphs with weights from domain D in time T(n, m, D)
in time O( T(n, m, D) + n?)

3 algorithm  for SSRP
" for 2FRP "

——

da\e,7(s, t) for all e, f € mg(s, t)

Want to compute:
Compute SSRP four times:

G G
s : } =
Source(s): from s and t
minys <7<¢ {dL\e(s, z) + ds(z, t)} TG\e,f(S, 1) Visits no node ¢ < x < v’ L—G\ ralc.t)
TG\e,f(S, 1) Vvisitsnonodev =y < ¢ § e c : o “

dG\eJ(S, t) = min minsjzju {dG(S, Z) + d}:;\f(z7 t)}
TG\e,f(S, 1) Visits such nodes x, y
Sburce: fr'dfnﬂs

Divide and Conquer Strategy:
R =G\ 7g(s,c)

1. “Wisely” choose “midpoint” ¢ € wg(s, t) and split 7g(s, t) = 7a(s, ¢) o ma(c, t);
s c e

o o o o o—eo—9o—0—90

2. Via SSRP algorithm: compute dg\¢ (s, t) forall e € mg(s,¢) and f < 7g(c, 1);
Source: from ¢

3. Create “wisely” two graphs A and B such that:
® da\e(8, c) allows us to infer dg\e ¢(s,t) forall e, f € ma(s, ¢);
forall e, f € mg(c,1). 5/6

® dg\.(c,t) allows us to infer dg\ . (S, t)
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3 algorithm  for SSRP
" for 2FRP "
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da\e,7(s, t) for all e, f € mg(s, t)

Want to compute:
Compute SSRP four times:

G G
s : } =
Source(s): from s and t
minys <7<¢ {dL\e(s, z) + ds(z, t)} TG\e,f(S, 1) Visits no node ¢ < x < v’ L—G\ ralc.t)
TG\e,f(S, 1) Vvisitsnonodev =y < ¢ § e c : o “

dG\eJ(S, t) = min minsjzju {dG(S, Z) —+ d}:;\f(z7 t)}

Oa\e(S, €) + da\r(c, 1) TG\e,f(S, 1) Visits such nodes x, y

Source: from s

Divide and Conquer Strategy:
R =G\ 7g(s,c)

1. “Wisely” choose “midpoint” ¢ € wg(s, t) and split 7g(s, t) = 7a(s, ¢) o ma(c, t);
s c e

o o o o o—eo—9o—0—90

2. Via SSRP algorithm: compute dg\¢ (s, t) forall e € mg(s,¢) and f < 7g(c, 1);
Source: from ¢

3. Create “wisely” two graphs A and B such that:
® da\e(8, c) allows us to infer dg\e ¢(s,t) forall e, f € ma(s, ¢);
forall e, f € mg(c,1). 5/6

® dg\.(c,t) allows us to infer dg\ . (S, t)
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— " for 2FRP " in time O( T(n, m, D) 4+ n?)
Want to compute: da\e,7(s, t) for all e, f € mg(s, t)
G
s c e f t
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1. “Wisely” choose “midpoint” ¢ € mg(s, t) and split 7g(s, t) = 7a(s, ¢) o ma(c, t);
2. Via SSRP algorithm: compute dg\e (s, t) for all e € mg(s, ¢) and f € 7g(c, 1);
3. Create “wisely” two graphs A and B such that:

® daes(s, c) allows us to infer dg\e¢(s, 1) forall e, f € mg(s, ¢);
® dg\.s(c,t) allows us to infer dg\c 1(s,t) forall e, f < mg(c, 1).
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the shortest path tree of s;
s C . 6 f i
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Want to compute: Og\e,(s, 1) forall e, f € mg(s, 1)

Construct B as follows:

G » Add the subtree T, rooted at ¢ from
the shortest path tree of s;
» For each node y € T, add an edge
{c, y} of weight
S r?gip{dG(S,X)‘i‘W(X,y)}*dG(C, t)
X&E ¢

Divide and Conquer Strategy:
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.............................. » For each node y € T, add an edge
.......................... {c,y} of weight

S T C . o f t n;ip{de(s, x) + w(x,y)} — da(c, t)
v . X¢& e

Divide and Conquer Strategy:
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——

Want to compute: da\e,7(s, t) for all e, f € mg(s, t)

Construct B as follows:

Problematic: Added edges have weight potentially not in domain D anymore. > Add the subtree T, rooted at ¢ from
the shortest path tree of s;

» For each node y € T, add an edge
{c, y} of weight

)r(gip{de(s, x)+w(x,y)} — da(c, t)

Divide and Conquer Strategy:
1. “Wisely” choose “midpoint” ¢ € mg(s, t) and split 7g(s, t) = 7a(s, ¢) o ma(c, t);
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Want to compute: da\e,7(s, t) for all e, f € mg(s, t)

Construct B as follows:

Problematic: Added edges have weight potentially not in domain D anymore. > Add the subtree T, rooted at ¢ from
the shortest path tree of s;

Workaround: We can get time (5( T(n, m, D) + n? ) algorithm for SSRP with arbitrary > For each node y € T, add an edge
weights from source {c, y} of weight

LQQP{C’G(S» x)+w(x,y)} — da(c, t)

Divide and Conquer Strategy:
1. “Wisely” choose “midpoint” ¢ € mg(s, t) and split 7g(s, t) = 7a(s, ¢) o ma(c, t);
2. Via SSRP algorithm: compute dg\e (s, t) for all e € mg(s, ¢) and f € 7g(c, 1);
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Proof Overview:
3 algorithm  for SSRP  on undirected graphs with weights from domain D in time T(n, m, D)
for 2FRP " in time O( T(n, m, D) + n?)

——

Want to compute: da\e,7(s, t) for all e, f € mg(s, t)

Construct B as follows:

Problematic: Added edges have weight potentially not in domain D anymore. > Add the subtree T, rooted at ¢ from
the shortest path tree of s;

Workaround: We can get time O( T(n, m, D) + n? ) algorithm for SSRP with arbitrary > For each node y € T, add an edge
weights from source  + other tricks to accommodate change {c.y} of weight

LQQP{C’G(S» x)+w(x,y)} — da(c, t)

Divide and Conquer Strategy:
1. “Wisely” choose “midpoint” ¢ € mg(s, t) and split 7g(s, t) = 7a(s, ¢) o ma(c, t);
2. Via SSRP algorithm: compute dg\e (s, t) for all e € mg(s, ¢) and f € 7g(c, 1);
3. Create “wisely” two graphs A and B such that:

® daes(s, c) allows us to infer dg\e¢(s, 1) forall e, f € mg(s, ¢);
® dg\.s(c,t) allows us to infer dg\c 1(s,t) forall e, f < mg(c, 1). 5/6
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