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ABSTRACT 

For a backpack traveler, it’s a major problem to plan a trip economically and 

efficiently successful. Even travel agencies provide predefined itineraries; obviously it not 

satisfied all the customers. Previous system clears this issue by providing automatic 

itinerary planning, which organizes Point of Interest to create itinerary. Also to reduce 

the complexity most work created with very important POI’s and itineraries should be 

end within a single day. In the existing system two stage planning scheme to reduce the 

processing cost. In the offline stage the single day itineraries are pre-computed using 

Map Reduce. In the online stage those single day itineraries are combining using a 

search algorithm. The cost of travel program and also hotel points are too expensive, also 

most existing system limited the customer trip within single day. In our paper we 

consider hotel POI’s on priority based, that is the customer preferred hotel points are set 

under priority List. Also we include preset packing the itineraries are set under budget 

based ranking. The trip planning is done with Google maps for multiple days, this is 

succeed with use of weight directed graph. 

KEYWORDS: Map Reduce, Trajectory, Team Orienteering Problem, Itinerary Planning, 

Location Based Service 
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INTRODUCTION 

TRAVELING market is divided into 

two parts. For casual customers, they will pick 

a package from local travel agents. The 

package, in fact, represents a pregenerated 

itinerary. The agency will help the customer 

book the hotels, arrange the transportations and 

preorder the tickets of museums/parks. It 

prevents the customers from constructing their 

personalized itineraries, which is very time-

consuming and inefficient. Although the travel 

agencies provide efficient and convenient 

services, for experienced travelers, the 

itineraries provided by the travel agents lack of 

customization and cannot satisfy individual 

requirements. Some interested POIs are 

missing in the itineraries and the packages are 

too expensive for a backpack traveler. 

Therefore, they have to plan their trips in every 

detail, such as selecting the hotels, picking 

POIs for visiting and contacting the car rental 

service. To address the above problems, in this 

paper, a novel itinerary planning approach is 

proposed.  

The design philosophy of our approach 

is to generate itineraries that narrow the gap 

between the agents and travelers. We reduce 

the overhead of constructing a personalized 

itinerary for the traveler; and we provide a tool 

for the agents to customize their services. In the 

preprocessing, POIs are organized into an 

undirected graph, G. The distance of two POIs 

are evaluated by Google Map’s APIs1. Given a 

request, the system provides interfaces for the 

user to select preferred POIs explicitly, while 

the rest POIs are assumed to be the optional 

POIs. Different ranking functions are applied to 

different types of POIs. The automatic itinerary 

planning service needs to return an itinerary 

with the highest ranking. Searching the optimal 

itinerary can be transformed into the team 

orienteering problem (TOP), which is an NP-

complete problem without polynomial 

approximations. Therefore, a two stage scheme 

is applied. In the preprocessing stage, we iterate 

all candidate single-day itineraries using a 

parallel processing framework, MapReduce.  

The results are maintained in the DFS 

(Distributed File System) and an inverted index 

is built for efficient itinerary retrieval. To 

construct a multi-day itinerary, we need to 

selectively combine the single itineraries. The 

preprocessing stage, in fact, transforms the 

team orienteering problem into a set-packing 

problem, which has well-known approximated 

algorithms. In the online stage, we design an 
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approximate algorithm to generate the optimal 

itineraries. The approximate algorithm adopts 

the initialization-adjustment model and a 

theoretic bound is given for the quality of the 

approximate result. To evaluate the proposed 

approach, we use the real data from Yahoo 

Travel2. The experiments show that our 

approach can efficiently return high quality 

customized itineraries.  

PREVIOUS WORK 

Problem Statement 

In the itinerary planning system, the 

user selects a set of interested POIs, Sp, and 

asks the system to generate a k-day itinerary. 

We use (Sp, k) to denote a user’s request. To 

model the planning problem, we organize the 

POIs into a complete graph, the POI Graph 

node denotes a POI and has two properties: the 

weight and travel time. The nodes are 

connected via weighted edges. The edge’s 

weight is set to the average traveling time for 

the shortest path between the corresponding 

POIs in the map. In fact, there are two types of 

edges. The first type represents that the two 

nodes are directly connected in the map. The 

second type contains multiple shortest paths in 

the map. Transforming the POI graph into a 

complete graph reduces the processing cost of 

our itinerary algorithm. The definition of POI 

graph assumes that the costs of edges are 

symmetric. Namely, the traveling time from vi 

to vj is equal to the time from vj to vi. Users can 

also select a set of preferred POIs, denoted as 

Sp. The elapsed time is estimated as In the rest 

discussion, we remove the hotel part and focus 

on how to merge the POIs into itineraries. After 

all other POIs are fixed; we will solve the hotel 

selection problem. 

System Architecture 

In our system, instead of trying to 

propose new algorithms for the TOP, we 

transform the optimal itinerary planning 

problem into a set-packing problem by an 

offline MapReduce process and an approximate 

algorithm is applied to solve the set-packing 

problem. If the maximal number of POIs in the 

single day itinerary is bounded by m, the 

optimal result can be approximated within 

factor of 2(m+1) 3 (m is the maximal number of 

POIs in each single-day itinerary).  The first 

step, POI graph is constructed via the road 

network and POI coordinates. The Google 

Map’s APIs are used to evaluate the distance 

between POIs.  

The average elapsed time of a POI is 

estimated from users’ blogs and travel agency’s 
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schedules. After the POI graph is constructed, a 

set of MapReduce jobs are submitted to iterate 

all possible singleday itineraries in the pre-

processing. The number of itineraries is 

exponential to the number of POIs. 

However,using parallel processing engine, such 

as  MapReduce, we can efficiently generate all 

itineraries in an offline manner. To speed up 

the single-day itinerary retrieval, an inverted 

index is built. Given a POI, all single-day 

itineraries involving the POI can be efficiently 

retrieved. For a user request (Sp, k), POIs’ 

weights are updated based on Sp and we 

compute the scores for each singleday itinerary.  

The problem of finding optimal k-day 

itinerary is transformed to select k single-day 

itineraries that maximize the total score. We 

show that the new problem can be reduced to 

the weighted set-packing problem, which has 

polynomial approximate algorithms. Therefore, 

we simulate the approximate algorithm for set-

packing problem to generate the k-day 

itinerary. The algorithm uses a greedy strategy 

to create an initial solution, which is 

continuously refined in the adjustment phase. 

The adjustment phase scans the index to find a 

potentially better solution.  

 

METHODS 

PREPROCESSING 

The preprocessing includes two steps. 

In the first step, a set of MapReduce jobs are 

submitted to produce all possible single-day 

itineraries. In the second step, the single-day 

itineraries are reorganized as an itinerary index, 

which supports efficient itinerary search.  

Intractability of Optimal Itinerary 

Algorithm 

Given a user request (Sp, k), the goal of 

itinerary planning algorithm is to provide an 

itinerary, which ranks highest among all 

possible itineraries. The score of the itinerary is 

computed based on the POI weights.  

However,as shown in the following theorem, 

this is an NPcomplete problem and no 

polynomial time algorithm exists. The TOP is 

to find the traveling plan that generates the 

most profits. The results of the TOP are also 

the best k-day itinerary. Due to the complexity 

of TOP, it is impossible to find the exact 

solution. Instead, previous work focus on 

proposing heuristic algorithms. The basic idea 

is to generate an initial plan and then adjust it 

based on some heuristic rules. Those 

algorithms have three drawbacks. First, the 

heuristic algorithms need many iterations to get 

a good enough result, which incur high 
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computation cost. Second, the adjusting rules 

are too complicated and the potential gains are 

unknown. Finally, there is no bound of the 

approximate result, which may be arbitrarily 

bad in some cases. In this paper, we reduce the 

complexity of the TOP by transforming it into a 

set-packing problem. As the transformation is 

done in an offline manner, the performance of 

online query processing is not affected. 

Single-Day Itinerary 

The basic idea of transformation is to 

iterate all possible singe day itineraries. This is 

done by a set of MapReduce jobs. In the first 

job, we generate initial itineraries for the POI 

set P. Each initial itinerary only consists of one 

POI. Iteratively, the subsequent MapReduce 

job tries to add one more POI to the itineraries. 

If no more single day itineraries can be 

generated, the process terminates. In current 

implementation, we allow maximally m 

MapReduce jobs in the transformation process 

to reduce the overheads. Therefore, a single day 

itinerary contains at most m POIs. This strategy 

is based on the assumption that users cannot 

visit too many POIs in one day. In our crawled 

dataset from Yahoo travel, setting m to 10 is 

enough for Singapore data which include more 

than 400 POIs. Only a few singledayitineraries 

can contain more than 10 POIs. The mappers 

load the partial paths from the DFS, which are 

generated in the previous MapReduce jobs. we 

try to append new POI to existing itineraries. 

For each new path, we test whether it can be 

completed within one day. If not, we will 

discard the new path. If the old path cannot 

result in any new path, we will output the old 

path. For the last MapReduce job (the mth job), 

all the candidate itineraries are used as the 

results. The output key-value pair is using the 

sorted POIs in the itinerary as the key. 

Itinerary Index 

To efficiently locate the single day 

itineraries, an inverted index is built. The key is 

the POI and the values are all itineraries 

involving the POI. By scanning the index, we 

can retrieve all the itineraries. Figure 4 

illustrates the index structure. We create an 

index file for each POI in the DFS.The inverted 

index is constructed via a MapReduce job. The 

mappers load the single-day itinerary and 

generate key-value pairs for each involved POI. 

The reducers collect all itineraries for a specific 

POI and sort them based on the weights before 

creating the index file. In our system, the size 

of index file may vary a lot. Some POI may 

have an extremely large index file, due to its 
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popularity and short visit time. In reducers, 

those POIs may result in the exception of 

memory overflow in the sorting process. To 

address this problem, in the map phase, instead 

of using the POI as the key, we generate the 

composite key by combining the POI and the 

itinerary weight.  

GREEDY BASED APPROX- IMATION 

ALGORITHM 

After the itinerary indexes are 

constructed, the user request (Sp, k) can be 

processed by selecting k best itineraries from 

the indexes. Namely, the problem of generating 

optimal k-day itinerary is transformed into a 

weighted set-packing problem as shown in the 

following theorem. In step 3 of our proof, we 

replicate the itinerary k − 1 times. That is to 

guarantee that the solution of set-packing 

problem returns exactly k subsets. Suppose we 

have four index files and want to generate a 2-

day itinerary. Without the replication, the set-

packing algorithm may return a 3- day itinerary 

By replicating the itineraries and adding the 

virtual elements X1 and X2, the above selection 

cannot work, as two itineraries will share at 

least one virtual element. In this case, the set-

packing algorithm will return another solution 

which satisfies our time requirement. Although 

set-packing is also an NP-complete problem, 

different from the TOP, in a special case, set-

packing problem has approximate algorithms. 

As mentioned in the pre-processing, we set the 

maximal number of MapReduce jobs in 

generating the single-day itineraries to m. 

Therefore, each itinerary can have at most m 

POIs. It was shown that when the size of 

subsets is bounded by a constant, the weighted 

set-packing problem can be solved by 

polynomial approximations. By following the 

above ideas, in this paper, we design a variant 

of the approximate algorithm in which provides 

a bound of 2(m+1) 3 for the quality of the 

approximate answers. The algorithm includes 

an initialization phase and an adjustment phase. 

Hotel Selection 

In fact,hotels can be considered as a 

special type of POIs. It must appear as the last 

POI in the itinerary. We need to calculate the 

traveling time from other POIs to the hotel 

POIs. Hotel POIs do not incur access cost and 

their weights are set as users’ rankings for the 

hotels. Based on the user’s preference, we have 

two processing strategies. 

CONCLUSION 

In this paper, we present an automatic 

itinerary generation service for the backpack 

travelers. The service creates a customized 
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multi-day itinerary based on the user’s 

preference. This problem is a famous NP-

complete problem, TOP (Team Orienting 

Problem), which has no polynomial-time 

approximate algorithm.  

To search for the optimal solution, a 

two-stage scheme is adopted. In the 

preprocessing stage, we iterate and index the 

candidate single-day itineraries using the 

MapReduce framework. The parallel 

processing engine allows us to scan the whole 

dataset and index as many itineraries as 

possible. After the preprocessing stage, the 

TOP is transformed into the weighted set-

packing problem, which has efficient 

approximate algorithms. In the next stage, we 

simulate the approximate algorithm for the set-

packing problem.  

The algorithm follows the initialization-

adjustment model and can generate a result, 

which is at most 2(m+1) 3 worse than the 

optimal result. Experiments on real dataset 

from Yahoo’s traveling website show that our 

proposed approach can efficiently generate 

high quality customized itineraries. 
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