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Function insert-edges (Fj,s)

Function apsp(G = (V, E, ¢)) foreach e = (u,v) € E;,; do
t—0 insert(E[ul, e)
foreach u € V do insert(E[v], e)
Elu] < 0 7[e] «+ path(e)
mlu] < path(u) heap-insert(P[u, v], w[e], cost|e])

dlu,u] < 0
plu, u] — 7lu]
foreach u # v € V do

Function delete-edges (Fy)

| Plu,v] — heap() foreach e = (u,v) € E;,s do
insert-edges(F) delete(Eful,e)
build—paths() delete(E[U], 6)
remove-path(m|e])
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Function new-shortest-path(m)

Function build-paths()

Q — heap()
init-build-paths()
while @ # ¢ do

(u,v) < extract-min(Q)
L new-shortest-path(p[u, v))

Function init-build-paths()

if sel[r] = false then
sel[r] < true

insert(SL[r[x]], )

insert(SR[l[n]], 7)

foreach 7' € SL[l[x]] do
7"« path(n’, 7)

| examine(n”)

foreach ' € SR[r[r]] do

7" « path(mw, ')

| examine(n”)

foreach u # v € V do
if plu,v] = null and Plu,v] # ¢
then

7« find-min(Plu, v])

d[u, v] < cost[r]

plu,v] «—m

heap-insert(Q, (u,v), d[u, v])

Function examine ()

u < start[n] ; v« end|r]
heap-insert(P|u, v], 7, cost[r])
if cost[n] < d[u,v] then
d[u, v] < cost|n]
if plu,v] = null then
| heap-insert(Q, (u,v),d[u,v])
else
| decrease-key(Q, (u,v), d[u,v])
| plu,v] — 7

Figure 1: The functions build-paths and new-shortest-path.

Function full-update (v, E,cy)

Function update (Ey, Fins)

delete-edges(Fy.)
insert-edges(E;,s)
build-paths()

Function vertex-update (v, F,,c)

update(E[v], Epew)

t—t+1

V[t] — v

vertex-update(v, Eey)

J—1

while 7 <t do
dummy-update(v[t — j])

L J—2)

Figure 2:

Function dummy-update (v)

vertex-update(v, E[v])

Updating shortest paths.



Function path(e = (u,v))

Function path(my, my)

Function path(v)

7 < new-path()
l[r] < null

rlr] « null
start[r] «— v
end[r] «— v
first[r] < null
last|r] « null
cost[n] < 0

sel[r] < true

7 «— new-path()
l[7] «— 7[u]

r(r] «— m[v]
start[n] «— u
end[r] «— v
first|m] «—e
last[r] «— e
cost[m| < cle]
sel[r| « false

GL[r],GR[r] < 0

if r[m | # [[ms] then error

7 < new-path()

l[r] — m

rim] « m

start|r] « start[m|

end[r] « end|ms)]

firstm| « first|m]

last[r] « last]ms)]

cost[rr] « c[first[r]] + cost[ms)]
sel[r] < false

GL[r],GR[r] —
SL[r], SR[r| < 0

return 7w

GL[r],GR[r] — 0
SL[r], SR[r] < 0
insert(GL[my), T)

SL[r],SR[r] < 0
insert(GL[r[v]], 7)
insert(GR[r[u]], )

insert(GR[m], )
return 7

return 7

Figure 3: Generating a new path and inserting it into the path system.

Function remove-path(7)

u «— start[r] ; v « end|r|
if © = p[u,v] then
plu, v] — null
d[u, v] «+ oo
heap-delete(P[u,v], )
if [[7] # null then
delete(GR]l[r]], m)
delete(GLIr(n]],m)
if sel[r] = true then
L delete(SR[l[rx]], 7)
delete(SL[r[r]], )

foreach 7’ € GL[r| U GR[r| do
| remove-path(n’)

Figure 4: Removing a path and all its extensions from the system.



