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An experimental study of approximation algorithms for minimum 2-T

connected spanning subgraph problem
Abstract

The problem of computing a minimum 2-T connected spanning subgraph
is an important problem in computer science due to its wide applications
and significance in road design and traffic rerouting in the presence of
strong articulation points, accidents, or evacuation zone. The minimum
2-T connected spanning subgraph is distinguished by its ability to
preserve strong connectivity properties in the event of a edge failure or a
vertex failure within the set of vertices T. Although finding this type of
subgraphs is NP-complete, approximate solutions can be obtained
through efficient approximation algorithms. This will be the main focus of

this research.

Keywords: directed graph, subgraph, strongly connected graph,
approximation algorithms, 2—-edge-connected graph, minimum 2-edge-

connected graph, 2-T connected graph.
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Algorithm Test 2edge connected
Input: a directed graph G = (V,E)
if G 1s not strongly connected graph then
return false
for each edge (i,j) € E do
if the subgraph (V, E\{(i,j)}) is not strongly connected then
return false
return true
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1 | Algorithm Test 2vertex _connected

2 | Inmput: a directed graph ¢ = (V, E)

3 |if @ is not strongly connected graph then

4 return false

5 |foreach vertex v €V do

& if the subgraph (V\{v}, E) 1s not strongly connected then
7 return false

& | return true
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1 | Algorithm Find minimal 2-T-connected subgraph

2 | Input: a directed graph ¢ = (V, E)

3 |foreachedge (i,j) € E do

4 delete the edge (i, ) from E

3 if the subgraph (V, E\{(i,j)}) 1s not 2-T-connected then
6 add the edge (i, j) to E

7 | output the subgraph (V, E) and the number of its edges
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Algorithm Three phases minimal 2-T-connected subgraph

ka2

Lia

Input: a 2-T-connected directed graph ¢ = (V. E)
Phase 1
Find a minimal 2-T-connected subgraph of G and let [ be its edge set.
Phase 2
for vach edge (6j) 1 du
delete the edge (i, ) from E
if the subgraph (7, E\{(i, /)}) iz not 2-T-connected then
add the edge (i,j) to E
Phase 3
for each edge (i,j) € E\] do
delete the edge (i, j) from E
if the subgraph (V, E\{(i,j)}) is not 2-T-connected then
add the edge (i,j) to E

output the subgraph (V. E) and the number of itz edges
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1 |Algorithm four phsses minimal ITconnected_sraph

2 |Input a 2-T-comnected directed graph & = (V. E)
5 |Phaze 1
4 |Find a minims] 2-T-connected subzraph of & and let I ba itz adge set.
5 | Fam dfs on G and classify edge
G |Phase 2
for each edee (i,j) €1 do
B | if(i,j) is mot tree edge then
g delate tha edge (i, j) from E
10 if the suberaph (V, E\{(i,j1}) iz not 2-T-connacted then
11 add tha edge (i) to £
12 |Phase 3
13 | for sach adee ([, ) € EN dio
14 | #f (7,j) is not tree edge then
15 delete the edge (1, j) from E
16 if the suberaph (V, E\{(i, /11 iz not 2-T-connacted then
17 add tha edge (i, f) 10 £
18 phaze 4
12 | for each tree edge (1,7 do
20 delets the edge (, j) from E
I if the subzraph (1, E\[(i,/)}) i=not 2-T-connectsd then

2 add the edge (7, f) to £

23 | gutput the subgraph (V, £ and the mmaber of its adzes
Fiae Ba Ol oo Jymmall Lina Luaj 5 (7) 220
Jalp Gl e (msaill JE e 2-T-connected dialal

4ilsa 2-T-connected Lualdl giaa A5a Ol Ao Jgaall Lna i lsd @

94



4 ila glaall g 4l g 9 ASailaal) Apaigl) o glad) Alula uaa daala ddaa

gola )y 2 Jyaia o 2026 sls 3 i 48 alaall

S ol EDay dlad g I s pall 5 Jabe sl (e A s 58 030 b o
lede Ulaa Al cBlagll jasd iy 4000 A jall 45 2-T—connected dualdl Gias
2-T- duals o Llall g dyygpall e clagl Ciday agiiy 1 Alayall 3
e OOlagll Cadag Adall EBagll Hladly a8 G dsjall 4 S connected
Clagdl pasd o Al Al g .2-T-connected duals e Llaall 2y), yal)
Lag Y 3l clagl lgie ada iy (gAY (g5l Aluay d8ll, 1Y) da ) 258 ks
Jkas) 5,80y deldll Asjdll 4 &y & .2-T-connected dpals e Llall i
Ngie dgygpall e sl AU QA AN Alapal) a0 ) an Y Al Sl
e 53l 02g) Alpaitl] i gladl

Algorithm Five_phases minimal 2—T—connected subgraph
Input: a 2-T-connected directed graph G = (V, E)
Phase 1
calculate a minimal 2-T—connected subgraph of G and let | be its edge set.
Phase 2
for each edge (i,j) € I do
remove the edge (i, ) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 3
for each edge (i,j) € E\I do
remove the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 4
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For each edge e in E do
Addetol
Let E be the edge set of the input graph
for each edge (i,j) € I do
remove the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 5
for each edge (i, j) € E\I do
remove the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Output the subgraph (V, E) and the number of its edges

LO(ME(M 4 n)) o JI b auspylsl eds ) 30

283ll LB & 2-T-connected 4paldl (3iaa B bo Sy Lajlid o

Garlly Gy Bk pladiuly
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Ao a8 ey Banlly Cany Byad lay) DA (e ellyy 2-T—connected 4uala

Aloay yndll CDlay sl 2 lld any 5 Gay yadll o3 ) Y i) cDlas)

leie (s e s Le dlaindy (9RY) (gl

Algorithm minimal_2Tconnected _graph first tree
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Input: a 2-T-connected directed graph G = (V, E)
Phase 1
Run dfs starting from vertex () and classify edges
Note that tree edges form a tree called dfs tree
Phase 2
for each edge (i, j) which is not tree edge do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 3
for each edge (i, j) which is tree edge do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E

output the subgraph (V, E) and the number of its edges
oadaill L6 L& 2-T-connected dualdl giaa a Oly S Lajlsd o
O aladlinly

Vo oflie o sl Gl Tl daa) sl e Aliea Gy s Bl a3 B i
Ofipe Dyl Cosiealy Gaall b Sl Baaj 3 365 DA e el 5n)y Byad e
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Algorithm minimal_2Tconnected graph double trees
Input: a 2-T-connected directed graph G = (V, E)
Phase 1
Run dfs on G and classify edge, and let | be the set of tree edges
Run dfs on G\l and classify edge, and add the tree edges to I.
Phase 2
for each edge (i,j) whichis notin | do

delete the edge (i, j) from E

if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then

add the edge (i,j) to E

Phase 3

for each edge (i,j) whichisin | do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
output the subgraph (V/, E) and the number of its edges

2daill L6 & 2-T-connected dualdl giaa a Oby e duajylss o

usSaall Olally (i aladialy
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Algorithm minimal_2Tconnected graph_double trees refined
Input: a 2-T-connected directed graph G = (V, E)
Phase 1
Run dfs on G and classify edge, and let | be the set of tree edges
Run dfs on G\l and classify edge, and add the tree edges to I.
Find transport graph
Run dfs on the transport graph and for each tree edge (v,w) add (w,v) to |
Phase 2
for each edge (i,j) whichis notin | do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 3
for each edge (i,j) whichisin | do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2-T-connected then
add the edge (i,j) to E
output the subgraph (V, E) and the number of its edges
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Algorithm generate_2T_connected_graph

Input: number_of_vertices and num_edges_before_satisfying_2Tc

Output: a 2-T-connected graph (V, E) and the number of edges in this
graph

E<0

V < {0,1, ...,number_of vertices — 1}
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p<0
while (p < num_edges_before_satisfying_2Tc) do
u < random integer between 0 and number_of vertices — 1
do
v « random integer between 0 and number_of vertices — 1
whileu = v
if (u,v) isnotanedgein E then
add (u,v) toE
pep+l
num_edges_after_satisfying_2Tce— num_edges_before_satisfying_2Tc
while (V, E) is not 2-T-connected do
u « random integer between 0 and number of vertices — 1
do
v« random integer between 0 and number_of vertices — 1
whileu = v
if (u,v) isnotanedgein E then
add (u,v) tOoE

num_edges_after_satisfying 2Tc «
num_edges_after_satisfying 2Tc + 1

return num_edges_after_satisfying_2Tc
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