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Background

* Inrecently years, the concept of network virtualization has attracted
significant attention in both industry and academia [1].

* Network virtualization is defined by decoupling the roles of the traditional
Internet service providers (ISPs) into two independent entities:
Infrastructure providers (InPs), who manage the physical infrastructure,
and service providers (SPs), who create virtual networks (VNSs) by
aggregating resources from multiple InPs and offer end-to-end services [1].

e Inthe USA, Crown Castle and American Tower Corporation are the
largest infrastructure providers for telecommunication. AT&T sold 9,700
wireless towers to Crown Castle in 2013, which means AT&T focus on
providing service to end users [2].

« In China, China Tower Corporation was established in 2014. And China
Mobile, China Union, China Telecom separate their towers and basic
Infrastructures to China Tower [3].
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Capacity of Transportation capacity. It is composed of
computing, storing, It may be disconnected virtual links and nodes.
transportation, et.al. after the disaster. And it may be

It may be out of work disconnected after the
after the disaster. disaster.

Affect to a connection path. 1. Affect to virtual links/nodes.
2. Affect to virtual networks.
Node cannot be replaced Virtual node can be replaced. Such as

virtual node migration.
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Post-Disaster Technologies
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Problem Statement

VN Virtual Link Physical Link Failure Location
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TABLE II: Travel and repair time of trucks (Hours).

i f2 fa fe fz fs fo fio fin fi2 f13 fis
~ by 4.85 3.80 461 718 644 6.73 7.05 7.74 7.63 7.28 7.36 8.69
physicalnode  §, 550 492 478 526 349 3.68 458 511 440 452 461 446

fi - 1.76 637 437 4.06 7.6 7.23 507 7.10 818 842 846
o f 176 - 581 538 475 666 649 544 7.70 809 802 829
physical link fa 637 581 6.16 5.12 490 467 6.67 526 491 488 527

277 596 623 252 479 598 634 6.35
354 390 272 324 426 450 569
157 566 257 159 226 3.74
6.46 4.02 183 162 422
3.40 560 6.21 6.02
349 414 328

fo 437 538 616 -
fr 406 475 512 277 -
disaster area fs 7116 6.66 490 596 3.54 -
fo 723 649 467 623 390 157 -
fio 507 544 667 252 272 566 646 -
link failure fu 710 T.70 526 479 324 257 402 340 -
fiz 818 809 491 598 426 159 183 560 349 - 169 245
fis 842 802 488 634 450 226 162 621 414 169 -  3.81
f1s__ 846 829 527 635 569 374 422 602 3.28 245 3.8 -

TABLE III: Travel and repair time of helicopter (Hours).

f1 2 fa fa Js Je iz fs Jo fi2 J14 Jis
bs 421 437 422 369 363 332 398 369 402 3.04 172 3.02
f - 1.70 355 278 281 275 262 387 3.89 303 384 427 408 439
@ base of truck fo 170 - 333 167 165 3.15 290 361 360 3.18 408 424 416 431
f3 355 333 - 172 168 346 305 296 287 367 310 296 380 3.11
fi 278 167 172 - 121 287 205 201 233 3.01 303 287 328 298
H fs 2.81 1.65 1.68 1.21 - 2.91 2.10 198 229 303 304 285 325 295
basc of helicopt fo 275 315 346 287 291 - 211 339 349 201 292 339 299 354
- 262 290 305 205 210 211 - 242 256 209 230 271 291 328
fs 387 361 296 201 198 339 242 - 167 327 203 164 310 249
fo 389 360 287 233 229 349 256 167 - 358 261 173 341 269
fio 303 318 367 301 303 201 209 327 358 - 236 324 215 341
fii 384 408 310 3.03 304 292 230 203 261 236 - 240 260 231
fiz 427 424 296 287 285 339 271 164 173 324 240 - 314 198
fia 408 416 380 328 325 299 291 310 341 215 260 314 - 262
fis 439 431 311 298 295 354 328 249 269 341 231 198 262 -

J10 fu
228 3.01
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Recovery without Reprovisioning
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Recovery with Reprovisioning
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Recovery with Reprovisioning
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Two Problems of MTRPR

e How to find a repair schedule?
 How to figure out the damage of a schedule?
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How to figure out the damage of a schedule.
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How to find a repair schedule.

Genetic Algorithm
Repair Schedule
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Process of GA
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Virtual Network Degradation (VND)

» After a disaster occurs,
= which virtual network should be degraded?
= what we can do to degrade the virtual networks?

= which is different with the degradation in end to end
connection?

e May be the answer:

= In the schedule, network operators can select minimum the
number of degraded virtual networks as the objective.

» (1) Degrade the capacity of virtual links.
(2) Delete several virtual links of a degraded virtual network.

= Network operators should consider the connectivity of virtual
networks.
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