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Motivation

Alternative routing
— Need to recommend a set of diverse paths

Existing works mainly consider
— Path as an
— Path as a

criterion

* But,
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— Recommended paths might be
— Setting dissimilarity thresholds/constraints is

Our proposal, to consider
— Path length as a constraint =>

paths

— Dissimilarity as an optimization criterion =>
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Problem definition

Road network G
Source s
Target t
Requested paths k
Length constraint threshold € > 0
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Problem definition

JG|U

Road network G
Source s
Target t

Requested paths k —— —
Length constraint threshold € > 0
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/Most Diverse Near-Shortest Paths

Set Pyvipnse:

A. of k near-shortest paths
Vp € Pevpnse : 4(p) < (1+¢€) - £(ps)

B. with the highest diversity among all path
sets P, that satisfy Condition A

Pk;MDNSP = arg maXVPgPA{DZU(P)}

29th ACM SIGSPATIAL International Conference on Advances in Geographic Information Systems

. /

10



Problem definition

JG|U

Road network G
Source s
Target t

Requested paths k —— —
Length constraint threshold € > 0
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/Most Diverse Near-Shortest Paths

Set Pyvipnse:

A. of k near-shortest paths
Vp € Pevpnse : 4(p) < (1+¢€) - £(ps)

B. with the highest diversity among all path
sets P, that satisfy Condition A

Pk;MDNSP = arg maXVPgPA{DZU(P)}

o

Path set diversity

Div(P) = min_Dis(p,p')

Path dissimilarity
ZV(ni,nj)Epﬂp’ w(n’i7 nj)

ZV(ni ,nj)EpUp’ w (n’h nj)

Dis(p,p') =1 —
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Problem definition

JG|U

Road network G
Source s
Target t

Requested paths k —— —
Length constraint threshold € > 0
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/Most Diverse Near-Shortest Paths

Set Pyvipnse:

A. of k near-shortest paths
Vp € Prupnse : 4(p) < (1+¢€) - £(ps

B. with the highest diversity among all path

sets P, that satisfy Condition A

PyMDNsp = arg maxy pc p, { Div(P

)

Path set diversity

Div(P) = min_Dis(p,p')

Path dissimilarity

ZV(ni ,nj)EpNp’ w (n’h nj)

ZV(ni ,nj)EpUp’ w (n’h nj)

Dis(p,p') =1 —

29th ACM SIGSPATIAL International Conference on Advances in Geographic Information Systems

ot

12



Exact approach j|u JE8

Compute all Near-Shortest Paths Generate Candidate k-Subsets

4 N )

AN /
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Exact approach jolu [

Compute all Near-Shortest Paths Generate Candidate k-Subsets

4 . N\ [ I
* Path enumeration

— [Carlyle and Wood, Networks’05]
— Traverse the network in

— Filter out subpaths that violate the near-
shortest path constraint w.r.t. €

* Optimization

— Estimate for path
extensions
— Compute Ty~

AN /
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Exact approach

N Eti=s
JG|U aanl
.
1T
Al
1 T
N~

Compute all Near-Shortest Paths

-
e Path

— [Carlyle and Wood, Networks’05]

— Traverse the network in

— Filter out subpaths that violate the near-
shortest path constraint w.r.t. €

— Estimate for path
extensions
— Compute Th~t

\
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Generate Candidate k-Subsets

-

programming
— “Filling a rucksack” algorithm [Knuth’05]

- build a of
height k

— Represent with near-
shortest paths

— Upon adding a new path, of

subsets can only
- subsets

\
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Exact approach — critique

* Pros
— Simple, straightforward

e Cons
— of near-shortest paths
— cost
— for real-world networks
e Solution

— methods
- number of computed paths
— quality of the result for performance
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(Simple) single-via paths

* Single-via paths (SVP)
— [Abraham et al., JEA’13]
path tree T, .
path tree T, .,

- psv(n) = ,05(5 ~>n)- ps(n ~ t)
* Simple single-via paths (SSVP)
- p.,(n), if simple

- pssv(n) 7

~ p(s > n) - Dijkstra(G’, n, t) or Dijkstra(G”, s, n) -p,(n ~ t), otherwise
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SSVP-based approach

N
‘ I =
JG|U .
Al
1 1T
r S

Computeall-Near-ShortestRaths

Generate Candidate k-Subsets

p
e Dynamic programming

— “Filling a rucksack” algorithm [Knuth’05]

- build a of
height k
— Represent with near-
shortest paths
* Optimization
— Upon adding a new path, of

subsets can only
subsets

/
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SSVP-based approach

N
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Compute all Near-Shortest SSVPs

4 : )
e Path enumeration
— Compute TN
— Compute reverse T~
- for eachnoden €N
v

Generate Candidate k-Subsets

p
e Dynamic programming

— “Filling a rucksack” algorithm [Knuth’05]

- build a of
height k
— Represent with near-
shortest paths
* Optimization
— Upon adding a new path, of

subsets can only
subsets
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Penalty-based approach

T
i

N Eti=s
JG|U aanl
.
T
1
— R

Computeall-Near-ShortestRaths
Computeall-Near-Shortest SSVRs

/
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Built upon [Johnson et al., OSTI’93], [Rouphail et al., AATTE’95]
Generate Candidate k-Subsets

_ )
. programming

— “Filling a rucksack” algorithm [Knuth’05]
— build a of
height k

— Represent
shortest paths

with near-

— Upon adding a new path, of

subsets can only
- subsets

-
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Penalty-based approach jlu [

T
I

Built upon [Johnson et al., OSTI’93], [Rouphail et al., AATTE’95]

Compute Near-Shortest Paths set Generate Candidate k-Subsets

N [ , )
* Path . programming

— approach — “Filling a rucksack” algorithm [Knuth’05]

e Compute a near-shortest path p — build a of

. all edgeson p height k

* Repeat — Represent with near-

shortest paths

- penalties — Upon adding a new path, of

subsets can only
- subsets

AN /
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Direct approach 16|u

1 H
pamilil

S

Inspired by [Jeong et al., KSCE'09]
* Both SSVP- and penalty-based approaches
— Operate in , Similar to exact
search space
, still need to

* Direct approach
— Initially, Pivonse = 105}
— In each round

* Consider path p
p to construct the near-shortest p” with to all paths in Py pnsp

p’ to Pivipnsp
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Experimental analysis

* Setup

— 2x AMD EPYC 7351 16-Core Processors, 512 GiB 2666Mhz DDR4 RAM
— GNU/Linux 5.4.0-66

* Methods
C"“" — Implemented in C++, compiled with GNU G++ 9
— EXACT and SSVP, PENTALTY, DIRECT

* Datasets & experiments
— 5 real-world road networks

. and : city-center, grid-based, ring-based, state-wide
* Adlershof, Oldenburg, Porto Alegre, Milan, Chicago, Florida

— Varied number of and

— Measured and , counted

* Key questions

- s of kKMDNSP with EXACT practical?
T — How good can heuristic-based methods ?
— Howiis affected?
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Findings

* Is EXACT practical?

with up to
some 100’s of nodes

— Already

 How good heuristic-based
methods scale?

— SSVP can handle networks
of nodes

— PENALTY and DIRECT can handle
networks

* How is result quality affected?

SSVP, followed by
PENALTY
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To sum up...

* Contributions
— A novel instance of alternative routing problem
— Recommend k near-shortest paths with the highest diversity
— Exact and heuristic-based solutions

* Future work
— Other evaluation approaches, e.g., flow algorithms
— Alternative definitions of path diversity
— Visualize and compare results
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Thank you

Questions
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