Format specification for routing problem instances

This document specifies a TSPLIB-like format for the Vehicle Routing Problem and and other routing problems with side constraints. Basically this is a new format, with some of the keywords from TSPLIB stolen for our own use. Also uses some keywords from ZIB format. 

Introduction

The spec is a series of clauses. Many clauses can be omitted from the spec and a sensible default will be used. 

The basic elements of the spec are Visits, Depots, Locations, Vehicles, Capacities and Weights. 

Visits: 

A delivery or a pickup at a particular location. A visit might be either a pickup of a setdown; they are only differentiated by the sign on the quantity. 

Depots: 

Where all vehicle rotues start and end. Depots also have a location. 

Location: 

A geographical location. Times/Distances etc are given from location to location. 

Vehicles: 

The vehicles that perform the tours. A homogenous fleet (all vehicles the same) can be easily defined, or a heterogenous with a few more clauses. In a heterogenous fleet, the vehicle identifiers are 1 to NUM_VEHICLES. 

Capacities: 

The capacities on the vehicles that must be observed. These might be total load, total volume, number of pallets etc. 

Weights: 

"Weights" are the cost of travel between locations. This can be the distance between visits, the time taken to travel, the dollar cost or whatever. The weight unit is the unit used for all other costs. One way to specify weights is to give a coordinate for all locations, and then use a function like Euclidean distance. Another way is to specify the distance matrix explicitly. the matrix can be specified as a full matrix, a half matrix (for symetric problems) or as an adjacency matrix. 

The format is a relational representation using as a key a non-negative identifier for each Depot, Visit and Vehicle. (Depot id's and visit id's can overlap, but probably should be different for readability) 

There are two sections, a Specification section and a data section. 

Numbers in square braces ([]) are defaults. 

VRPTEST 1 

Format identifier. Required, and must be the first non-blank characters in the file. "1" is format version number. 

NAME:{string} 

Name of problem. Rest of line from first non-blank is name. 

TYPE: {enum} 

Type of problem. Not used by reader - for info only. Possible values 

VRP 

Constrained Vehicle Routing Problem 

PDP 

Pickup and Delivery Problem 

... 

COMMENT: {string} 

Description. Ignore by program. Can be repeated. 

NUM_VISITS: {int} 

Number of pickup and delivery points. Required. Does not include depots. 

NUM_DEPOTS: {int} [1] 

Number of depots. 

NUM_VEHICLES: {int} 
Maximum number of vehicles available. Required. 

NUM_CAPACITIES: {int} [1] 

The number of capacity constraints. Default is 1 (load). 

NUM_LOCATIONS: {int} [NUM_VISITS + NUM_DEPOTS] 

The number of distinct locations at for depots and visits. Default is one for each visit plus one for each depot. 

CAPACITIES: {real} ... [0 ...] 

Exactly NUM_CAPACITIES values giving capacities for each dimension. Implies a homogenous fleet. (Use VEHICLE_CAPACITIES_SECTION for heterogenous fleet) Must follow NUM_CAPACITIES spec. 

SPEED: {real} [1.0] 

A speed used to convert edge weights to times. Will be over-ridden by vehicle speeds if they are given. 

MAX_TIME: {real} [inf] 

Maximum length (in time) of any single tour. 

EDGE_WEIGHT_TYPE: {enum} 

How edge weight is specified. Valid values: 

EUC_2D 

Euclidean [default] 

MAN_2D 

Manhattan metric 

MAX_2D 

Maximum metric 

EXPLICIT 

Matrix later in data 

EDGE_WEIGHT_FORMAT: {enum} 

For EDGE_WEIGHT_TYPE EXPLICIT, specifies shape of matrix: 

FULL_MATRIX 

Full matrix [default] 

LOWER_TRIANG 

Lower triangle of symetric matrix, diagonal not included. 

ADJ 

Adjancency list 

... 

OBJECTIVE: {enum} 
The objective function to minimize, with optional parameters. Possible values: 

VEH-WEIGHT 

Minimize number of vehicles, then sum of edge weights 

WEIGHT 

Minimize sum of edge weights within given number of vehicles [Default] 

MIN-MAX-LEN 

Minimize the maximum route length. Equivalent to make-span in a job-shop problem. 

... 

DATA_SECTION 

Separates specification from data section. Required. None of the above section names may appear below this marker. Any of the above sections which have not been specified will be set to their default values. 

DEPOTS 

{depot-id} ... 

Identifiers of NUM_DEPOTS depots. Required. This section sets the identifiers of all depots. 

DEMAND_SECTION 
{visit-id} {quantity-1} [{quantity-2}...] 

Demand at each visit, in each of the dimensions. Required, and must be first clause to mention visit-ids. This section, as well as specifying the dmand, also specifies the identifers of all visits. There must be one line for each visit. A negative quantity implies a delivery, a positive is a pickup. 

visit-id: 

(int) 

quantity-n: 

(real) 

LOCATION_COORD_SECTION 

{location-id} {x-coord} {y-coord} 

Coordinates of locations. Must be one line for each of the NUM_LOCATION locations. This must be the first section referencing locations. The location id is taken from this section. If not specified, all locations are at (0,0), and the identifier of each location defaults to the identifier of the corresponding visit or depot. 

location-id: 

(int) 

x-coord: 

(real) 

y-coord: 

(real) 

VISIT_LOCATION_SECTION 

{visit-id} {location_id} 

Id of location for the visit. Must have a line for each visit. If not specified and EDGE_WEIGHT_TYPE is EXPLICIT, location-id will default to visit-id. 

visit-id: 

(int) 

location-id: 

(int) 

DEPOT_LOCATION_SECTION 

{depot-id} {location-id} 

Same as VISIT_LOCATION_SECTION, but for depots. If not specified and EDGE_WEIGHT_TYPE is EXPLICIT, location-id will default to depot-id. 

depot-id: 

(int) 

location-id: 

(int) 

VEHICLE_CAPACITY_SECTION 
{vehicle-id} {capacity-1} [{capacity-2}...] 

Explicit list of available vehicles, with a capacity for each capacity dimension. Must be NUM_VEHICLES lines. 

vehicle-id: 

(int) 

capacity-n: 

(real) 

VEHICLE_SPEED_SECTION 
{vehicle-id} {speed} 

Speeds for each vehicle. Must be NUM_VEHICLES lines. 

vehicle-id: 

(int) 

speed: 

(real) 

VEHICLE_COST_SECTION 

{vehicle-id} {use-cost} {distance-cost} {time-cost} 

Defines the objective function. Contributions from vehicle at all (use-cost); a cost per unit of edge weight traversed; cost per unit time. If clause is not present, use-cost 0.0, distance-cost 1.0 and time-cost 0.0 are used 

vehicle-id: 

(int) 

use-cost: 

(real) 

distance-cost: 

(real) 

time-cost: 

(real) 

EDGE_WEIGHT_SECTION 

Edge weights. Required if EDGE_WEIGHT_TYPE == EXPLICIT. Format dictated by EDGE_WEIGHT_FORMAT. 

For FULL_MATRIX and LOWER_TRIANG {weight} ... 

For ADJ {from-loc-index} {to-loc-index} {weight} ... -1 

from-loc-index: 

(int) 0-based index of from location 

to-loc-index: 

(int) 0-based index of to location 

weight: 

(real) 

TIME_WINDOW_SECTION 
{visit-id} {early-1} {late-1} ... -1 

Disjoint time window data for all visits. Specifies time during which service must begin. There must be one line for each visit, Followed by a list of times for each visit. If not specified, no time windows are placed on the visits. 

visit-id: 

(int) 

early-n: 

(real) Time in local format (e.g. minutes). 

late-n: 

(real) Time in local format (e.g. minutes). 

DEPOT_TIME_WINDOW_SECTION 

{depot-id} {early} {late} 

Time window for depot, specifying earliest departure time and latest return time. If not specified, no earliest or latest time is used. 

depot-id: 

(int) 

early: 

(real) Time in local format (e.g. minutes). 

late: 

(real) Time in local format (e.g. minutes). 

VEH_TIME_WINDOW_SECTION 
{vehicle-id} {early-1} {late-1} ... -1 

Available times for all vehicles. 

vehicle-id: 

int 

early-n: 

(real) Time in local format (e.g. minutes). 

late-n: 

(real) Time in local format (e.g. minutes). 

DURATION_SECTION 
{visit-id} {time} 

Duration of visit in location time units. If not specified, 0 is used. 

id: 

(int) 

time: 

(real) Time in local format (e.g. minutes). 

TIME_AVAIL_SECTION 
{visit-id} {time} 

The time (in local time units) a visit becomes available, or is known within the system - for simulation of dynamic routing. If not specified, 0 is used. 

id: 

(int) 

time: 

(real) Time in local format (e.g. minutes). 

DURATION_BY_VEH_SECTION 

{visit-id} 
{veh-1-id} {duration-1}
{veh-2-id} {duration-2}
...
...

Allows specification of duration on a per-vehicle basis. Must list each visit id and within each visit, each vehicle-id must appear. 

visit-id: 

(int) 

veh-n-id: 

(int) 

duration-n: 

(real) 

VISIT_COMPAT_SECTION 
{visit1-id} {visit2-id} {sense} 
...
-1

Indicates compatability of 2 visits to be served by the same vehicle. Use visit-id of depot to indicate that a visit must be served by a particular depot. List is terminated by -1. 

visit1-id: 

(int) 

visit2-id: 

(int) 

sense: 

-1 (must be same vehicle), 1 (must be different vehicle) 

DEPOT_COMPAT_SECTION 

{visit-id} {depot-id} {sense} ... -1 Indicates compatability of a visits to be served from a particular depot. List is terminated by -1. 

visit-id: 

(int) 

depot-id: 

(int) 

sense: 

-1 (must be served from this depot), 1 (must not be served from this depot) 

VEH_COMPAT_SECTION 
{visit-id} {veh-id} {sense}
...
-1

Indicates compatability of a visit to be served by a vehicle. List terminated by -1. 

visit-id: 

(int) 

veh-id: 

(int) 

sense: 

-1 (vehicle must serve visit), 1 (vehicle must not serve visit) 

VEH_DEPOT_SECTION 
{veh-id} {depot-id} {sense}
...
-1

Indicates the "home base" of a vehicle. List terminated by -1. 

veh-id: 

(int) 

depot-id: 

(int) 

sense: 

-1 (vehicle must begin and end at given depot, 1 (vehicle must not be based at given depot) 

ORDER_SECTION 

{visit1-id} {relation} {visit2-id} {margin}
...
-1

Indicates that visit1 must be chronologically before visit2 in the solution. Further, the relation section says whether the difference is greater, less or equal the given margin. 

visit1-id: 

(int) 

relation: 

(enum) One of GT, GE, LT, LE, EQ. 

visit2-id: 

(int) 

margin: 

(real) Margin in local format 

OPTIONAL_VISIT_SECTION 

{visit-id} {cost}
...
-1

List of visits that are optional, and the cost of not doing the job. Cost is added to objective if the visit is not visited, and so must be in units compatible with edge weights. 

visit-id: 

(int) 

cost: 

(real) 

VISIT_AVAIL_SECTION 

{visit-id} {time} 

The time that each visit becomes known to the system. For use in a dynamic simulation. Followed by a line for each visit. 

visit-id: 

(int) 

time: 

(real) Time in local format 

EOF 

End of data. Optional. 



Here are a couple of examples: 

· Example1 

· Example2 
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