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Optimal Path Querying Based on
a Domain-specific Language

AKIMASA MORIHATA, 1 KIMINORT MATSUZAKI
and MASATO TAKEICHI™

The problem to find the shortest path in a graph, or those to find the optimal
path according to some criterion of optimality, are very important because of
their numerous applications, and there are many studies on this topic. However,
algorithmic results on solving optimal path problems are not very accessible for
nonspecialists. It is difficult to choose an algorithm that enables us to achieve
our objective, and moreover, its efficient implementation should be nontrivial.
In this paper, we propose a method of optimal path querying. Our method is
based on a domain specific language. The language is designed so that we can

mechanically derive an efficient algorithm to find the described path. There-
fore, we can efficiently find the optimal path with little algorithmic knowledge.
Describing the specification of desirable paths by the language suffices. We
implemented the method as an optimal path querying system. The system
generates a program code for optimal path querying from the description of the
optimal path. By virtue of a known efficient implementation of shortest path
problems and our careful tuning, our system is not only easier to use but also
more efficient than an existing library.
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Fig.1 A graph replication for the approach-depenedent shortest path problem: it describes the
situation where the edge weight 5 becomes 5 + C when we come from the edge of weight 2.
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Fig.2 A domain-specific language for optimal path querying: =, v, fints froots Pint(Vs€), Pboot (v, €)

respectively denote a path variable, a vertex variable, an edge variable, a nonnegative-integer-

valued function, a Boolean-valued function, a nonnegative-integer-valued primitive function,

and a Boolean-valued primitive function.
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Fig.4 Overview of the optimal path querying system.
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minimize cost(x) s.t. from(x) && to(x) && transit(x) < 20
where

#define START(v) (v==init_vertex)

#define END(v) (v==final_vertex)

#define TRAIN(e) (v2i(source(e))’2 && v2i(target(e))%2)
#define WEIGHT(e) (edge_property(e,&edge_Property::weight))

bool from(v) = START(v);
from(x -e-> v) = from(x);
bool to (v) = END(v);
to (x -e-> v) = END(v);
int transit() = 0;

transit(x -e-> v) = transit(x) + (if walk(x) && TRAIN(e) then 1 else 0);
int cost(v) = 0;

cost(x -e-> v) = cost(x) + WEIGHT(e);
bool walk(v) true;

walk(x -e-> v) ITRAIN(e);

05 0000000000000 0OODO0OO0ODOOO0ODOOO0OO0O0O0
Fig.5 An example of inputs to the system (the transit-times constrained shortest path problem).
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Fig.6 A procedure of optimal path querying.
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#include <algorithm>

#define START(v) (v==init_vertex)
#define END(v) (v==final_vertex)
#define TRAIN(e) (v2i(source(e))%2 && v2i(target(e))%2)

#define WEIGHT(e) (edge_property(e,&edge_Property::weight))

union state {
unsigned int hash;
struct {
unsigned walk : 1;
unsigned transit : 5;
unsigned from : 1;
unsigned __vertex : (sizeof (int)*8-7);
} s;
};

inline state init(const vertex &v) const {
state s;
s.s.walk = true;
s.s.transit = std::min(0,20);
s.s.from = START(v);
s.s.__vertex=v2i(v);
return s;

}

inline state next(const state n, const edge &e, const vertex &v) const {

state s;
s.s.walk = !TRAIN(e);

s.s.transit = std::min((n.s.transit+((n.s.walk & TRAIN(e)) ? 1 :

s.s.from = n.s.from;
s.s.__vertex=v2i(v);
return s;

}
typedef hashtable<state,state,7> HT;

inline int iw(const vertex &v) const { return 0; }

inline int nw(const state n, const edge &e, const vertex &v, const int cost) const {

return (cost+WEIGHT(e));
}

inline bool accept(const state n, const vertex &v) const {

return ((n.s.from &% END(v)) && n.s.transit<20);

inline bool useful(const state n) const {
return (n.s.from && n.s.transit!=20);

}

#undef START
#undef END

#undef TRAIN
#undef WEIGHT

0)),20);

01 0J0000ooooooogoo
Table 1 Sizes of the American road-network data.
NY FLA CAL LKS USA-E USA-W

000 | 264,346 | 1,070,376 | 1,890,815 | 2,758,119 | 3,598,623 | 6,262,104
0o 733,846 | 2,712,798 | 4,657,742 | 6,885,658 | 8,778,114 | 15,248,146
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Fig.7 An example of generated codes, which is obtained from the input in Fig. 5.

*1 http://www.dis.uniromal.it/ challenge9/
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Table 2 Results for American road networks: average computational time (second)/largest memory

02 000000000000000000000000OOO0O0OO0O0O0O0OMBO
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Table 4 Results for rondomly-generated graphs: average computational time (second)/largest

memory use (MB).

use (MB).
NY FLA CAL LKS USA-E USA-W
SP 0.06/77 0.27/317 0.41/478 0.62/699 0.81/900 1.23/1,554
BD-SP 0.12/78 0.41/317 0.85/486 1.15/698 1.63/898 3.34/1,553
BR-SP 0.38/102 1.49/433 3.58/653 4.15/959 5.76/1,235 | 10.78/2,145
3SP 0.15/87 0.55/366 0.96/539 1.34/787 1.87/1,011 | 3.69/1,751
BR-3SP 0.88/130 3.60/548 6.42/855 9.73/1,254 | 13.51/1,619 | 24.67/2,815
TRC 0.10/83 0.36/350 0.54/509 0.82/744 1.09/955 1.68/1,649
BR-TRC 0.66/111 2.56/466 3.73/712 5.62/1,043 7.73/1,342 | 14.49/2,333
TRL 1.92/342 2.37/545 3.05/950 7.72/1,831 3.26/1,358 2.22/1,849
BR-TRL 37.99/774 20.15/1,171 | 24.20/2,163 | 110.22/5,008 | 31.12/3,190 | 17.72/3,396
03 0000oooooDooooo
Table 3 Sizes of the randomly-generated graphs.
SMALL MIDDLE | SPARSE DENSE LARGE
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05 O0O000O0OO0O0O0O0OO0OOODOO0O0O0OOOOD/OOO0O0OOO0OOMBIIOOOO 8,192000
Table 5 Results for the subset sum problems: average computational time (second)/largest
memory use (MB). The objective value is 8,192.

ooooo 1,024 2,048 4,096 8,192 16,384
000000 | 0.39/251 | 0.78/506 | 1.56/1,020 | 3.13/2,044 | 6.27/4,095
000 0.04/33 | 0.08/65 | 0.15/129 0.28/257 0.56/514

06 D000O000O0O0OO0OO0OO0O0OOODOOODOOOD/OOD0OOOD0OOODOMBIIOOOO 1,0240000
Table 6 Results for the subset sum problems: average computational time (second)/largest
memory use (MB). The number of input integers is 1,024.

0oo 8,192 16,384 32,768 65,536 131,072
000000 | 0.39/251 | 0.74/484 | 1.36/907 | 2.33/1,572 | 3.14/2,093
0oo 0.04/33 | 0.08/65 | 0.16/133 | 0.29/261 0.56/517
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