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Introduction
 Nowadays, most part of urban traffic flows all over the world is due to 

private cars and to reduce it a wide range of strategies has been 
developed by local, national and overnational authorities, mainly based on 
 discouraging the use of private 
 improving and promoting transit

 However, people continue to perceive private cars as more comfortable 
and flexible than transit for the absence of constraints on time and space 

 In the scenario above described, alternative forms of mobility based on 
the use of cars, and in the context of the “Sharing Economy” (SE), are:
 car-sharing (CS) a Pay-As-You-Use modality mainly adopted for short trips in 

urban areas
 carpooling (CP) where two or more users that make frequently the same 

journey, at compatible times, agree to share a private car and the traveling 
costs
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Introduction
 SE gained relevance in recent years thanks to i) advancements in 

technological areas for matching demand and offer in real time and ii)
cultural changes in people’s habits 

 The CP is an efficient car-based solution for private mobility, which may 
optimize the car use with respect to the number of passengers 

 Unfortunately, the common CP model has a poor flexibility because it 
requires that participants share the same time and the same origin and 
destination for the outward and (usually) for the return journeys 

 For such a reason, CP participants generally work in the same place, 
belong to the same community, live in the same neighboring and so on

 Currently, some Web-platforms mediate demand and offer to reach a 
larger audience at low costs (also thanks to services like reputation 
systems, insurance and so on) but have a low flexibility with respect to the 
trip origin and/or destination of the potential participants a CP journey
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The Idea

 A new CP modality is to match the mobility demand with the cars able to 
satisfy it on-the-fly, if the new destination is compatible with those of the 
other passengers within prefixed time windows in change of a lower fare 
(the road path changes to pick and drop the new rider, like a shared taxi) 

 This study proposes a framework based on software agents, reputation 
system and blockchain technologies where each user is supported by a 
personal agent associated with his/her suitably equipped smartphone 

 These agents allow to identify and localize their users by exploiting the 
smartphone GPS. This information is periodically sent to the Agency that, 
by means of a dynamic routing algorithm, matches in real-time demand 
and offer for rides by taking into account, positions, seat availability and 
temporal constraints in terms of both departure and arrival times of all 
the participants
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The Idea
 For each ridesharing request coming from a personal agent (PA), the 

Agency (Ag) will return a list of ride opportunities from which, the PA will 
select those rides considered as the most suitable to present at its user

 After a ride is selected, and confirmed by the driver, a smart-contract runs 
over a blockchain, to make the agreement public, irrevocable and for 
realizing safe payments in an automatic way by using a cryptocurrency 

 For each trip, the fare is dynamic changing based on the trip length and 
how many riders share that trip (higher the number of participants to a 
ride is, the lower the comfort is as well as the cost for passenger) 

 In this dynamic CP, if the number of passengers increases along the, the 
other participants receive a monetary compensation for both the loss of 
comfort and the decreased cost for passenger

 This procedure is automatically carried out each time that a smart-
contract for that ride runs on the blockchain
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The Multi-Agent Framework
 The framework (F) consists of three components:
 the Agency (Ag), which is a trusted and safe centralized component, unique in 

F, that coordinates the CP service and supports the other agents
 a Personal Agent (PA), which can enter/leave F at any time and supports the 

CP activities of a user and runs on his/her equipped smartphone and it is 
provided with a pair of cryptographic keys

 a permissioned blockchain

 Briefly, the tasks carried out by Ag are:
 Affiliation. Ag manages the affiliation of each PA with F and provides each PA 

with an identifier, an initial reputation score, and a pair of cryptographic keys
 Support. Ag: 
 collects the position of all the PAs active on F at a certain time; 
 manages and updates a reputation system based on the users’ feedback about their 

travel mates
 iii) collects all the PAs requests for rides. 



WOA 2019 26-28 June 2019, Parma, Italy

The Multi-Agent Framework

 Similarly, the tasks carried out by a PA are:
 Affiliation. Each PA needs to be affiliated with Ag
 Activation. An active PA periodically sends its GPS coordinates to Ag
 Search. To search a ride, a PA sends to Ag time and position of both origin 

and destination point of its trip. Ag will answer with a list of opportunities. 
The PA orders this list, on the basis of the user’s preferences, and will submit 
it to him/her for his/her choice 

 Commitment. After the choice of a ride, the PAs of both driver and new 
passenger make public and irrevocable their agreement by means of a smart-
contract which runs on a permissioned blockchain and also provides 
monetary payments and compensations with a cryptocurrency

 Feedback. At the end of a ride each PA sends a feedback 𝑓𝑓 ∈ [0; 1] ∈ ℝ
(provided by its user) to Ag; the greater 𝑓𝑓 is, the greater its appreciation 
about the ride is
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The Multi-Agent Framework

 The third component of F is a permissioned blockchain to trust unknown 
and anonymous actors and for data integrity and payments without 
centralized third parties 

 Each time that a driver and a new potential passenger agree for a ride, a 
smart-contract starts on a permissioned blockchain to make the choice 
irrevocable, publicly and realizes all the contractual obligations, payment  
and possible compensations to the included travel mates

 The blockchain costs are assumed to be included in the CP fare

This mechanism is not linked to a specific blockchain protocol
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The Routing Algorithm

 It is a variant of the Alpha-Beta Pruning algorithm driven in the in-depth 
search by suitable heuristics capable to improve the cut-off technique and 
to evaluate boundary nodes (if the chosen depth horizon does not allow 
to reach the optimal solution). Its main features are:
 if the solution is contained into the fixed search depth (horizon) then the 

optimal solution is provided, otherwise the more promising one is provided;
 if the search ends in advance the temporary optimal solution is provided;
 if cycles are allowed, the nodes generating them are examined last, otherwise 

discharged if the solution cannot admit cycles;
 when boundary conditions change, then the optimal route is recomputed;
 heuristic functions are adopted to estimate partial solutions, optimize the 

Branch & Bound and drive the in-depth search (the expansion order of nodes 
is chosen based on the closeness of nodes to the optimal solution);

 any list of expanded nodes for the Depth-First-Search (DFS) or for a temporary 
tree is stored.
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The Reputation Model
 This reputation model considers the whole past history of each CP actor 

on the basis of the feedback assigned to him/her by his/her counterparts 

 Each user has an initial reputation set to 0:5

 When a ride ends, each user entrusts his/her appreciation in terms of 
feedback (𝑓𝑓 ∈ [0; 1] ∈ ℝ ) to his/her PA that, in turn, sends 𝑓𝑓 to Ag which 
manages the reputation system

 When the Ag receives a feedback 𝑓𝑓𝑥𝑥,𝑦𝑦 ∈ [0; 1] ∈ ℝ, released by the user ux
about the user uy , it computes 𝑸𝑸𝒙𝒙,𝒚𝒚 = ⁄�𝑷𝑷𝒙𝒙,𝒚𝒚 + 𝒓𝒓𝒙𝒙,𝒚𝒚 � 𝒂𝒂𝒙𝒙 � 𝒇𝒇𝒙𝒙,𝒚𝒚 𝟐𝟐 where: 

 P is the final cost of the ride; 

 𝒓𝒓𝒙𝒙,𝒚𝒚 is the number of past rides between ux and uy; 

 𝒂𝒂𝒙𝒙 is the accuracy of ux in providing a feedback; 

 𝒇𝒇𝒙𝒙,𝒚𝒚 is the feedback given by ux about uy
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The Reputation Model

 To hinder malicious behaviors, Ag will update the uy reputation score as:

𝑹𝑹𝒚𝒚𝒏𝒏𝒏𝒏𝒏𝒏 =
𝜶𝜶 � 𝑹𝑹𝒚𝒚𝒐𝒐𝒐𝒐𝒐𝒐 + 𝟏𝟏 − 𝜶𝜶 � 𝑸𝑸𝒙𝒙,𝒚𝒚 𝑸𝑸𝒙𝒙,𝒚𝒚 > 𝟎𝟎 �𝑹𝑹𝒊𝒊𝒐𝒐𝒐𝒐𝒐𝒐 ≥ 𝟎𝟎,𝟓𝟓

𝑹𝑹𝒊𝒊𝒐𝒐𝒐𝒐𝒐𝒐 𝒐𝒐𝒐𝒐𝒐𝒐𝒏𝒏𝒓𝒓𝒏𝒏𝒊𝒊𝒐𝒐𝒏𝒏

𝛼𝛼 ∈ [0; 1] ∈ ℝ and gives more or less relevance to 𝑹𝑹𝒚𝒚𝒐𝒐𝒐𝒐𝒐𝒐 with respect to 𝑸𝑸𝒙𝒙,𝒚𝒚

 �𝑷𝑷 = 𝑴𝑴𝒊𝒊𝒏𝒏 𝟏𝟏, �𝑷𝑷 𝑷𝑷𝒎𝒎𝒂𝒂𝒙𝒙 , where P is the ride cost and 𝑃𝑃𝑚𝑚𝑚𝑚𝑥𝑥 is a cost threshold

 The parameter r is effective against collusive behaviors occurring among 
two or more users that frequently exchange positive feedback to increase 
maliciously their reputation scores. It is computed as:

𝒓𝒓𝒙𝒙,𝒚𝒚 =

𝟏𝟏

𝟏𝟏 + 𝒏𝒏 𝟏𝟏−𝑻𝑻𝒙𝒙,𝒚𝒚
𝒇𝒇𝒙𝒙,𝒚𝒚 ≥ 𝟎𝟎,𝟓𝟓 𝒏𝒏𝒊𝒊𝒐𝒐𝒐𝒐 𝑻𝑻𝒙𝒙,𝒚𝒚 > 𝟏𝟏

𝟏𝟏 𝒐𝒐𝒐𝒐𝒐𝒐𝒏𝒏𝒓𝒓𝒏𝒏𝒊𝒊𝒐𝒐𝒏𝒏
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The Reputation Model

where 𝑻𝑻𝒙𝒙,𝒚𝒚 is given by:

𝑻𝑻𝒙𝒙,𝒚𝒚 =

𝟏𝟏 𝒐𝒐 = 𝟎𝟎
𝑻𝑻𝒙𝒙,𝒚𝒚 + 𝟏𝟏 𝒐𝒐𝒐𝒐 − 𝒐𝒐𝒑𝒑 < 𝚫𝚫𝒐𝒐

𝒎𝒎𝒂𝒂𝒙𝒙 𝟏𝟏, 𝑻𝑻𝒙𝒙,𝒚𝒚−
𝒐𝒐𝒐𝒐 − 𝒐𝒐𝒑𝒑
𝚫𝚫𝒐𝒐

𝒐𝒐𝒐𝒐 − 𝒐𝒐𝒑𝒑 ≥ 𝚫𝚫𝒐𝒐

 The accuracy degree of ux in providing a correct feedback is taken into 
account by the parameter ax∈ [0; 1] ∈ ℝ where 1/0 stands for 
maximum/minimum accuracy. More specifically, ax is computed as:

𝒂𝒂𝒙𝒙𝒏𝒏𝒏𝒏𝒏𝒏 = 𝜷𝜷 � 𝒂𝒂𝒙𝒙𝒐𝒐𝒐𝒐𝒐𝒐 + 𝟏𝟏 − 𝜷𝜷 � 𝟏𝟏 − 𝒇𝒇𝒙𝒙,𝒚𝒚 − 𝑹𝑹𝒚𝒚

 where 𝜷𝜷 ∈ [0; 1] ∈ ℝ weights the old ax with respect to the new 
contribution given by the difference between 𝒇𝒇𝒙𝒙,𝒚𝒚 and the reputation of 
the target user (i.e., 𝑹𝑹𝒚𝒚)
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Experiments
 To test the reputation system, a population of 1000 users randomly 

distributed on 5 behaviors (e.g., very unpleasant, unpleasant, neutral, 
pleasant, very pleasant), has been simulated for two modalities

 In the simulations: α = β = 0.2 , 𝑃𝑃𝑚𝑚𝑚𝑚𝑥𝑥 = 5€, the number of ride mates 
varied in 2÷5 and cost of the ride randomly varied in 1.00÷7.50€

 In the case B, the CP service cost has been set >5€ for the 25% of the rides

 The simulation has been arranged for epochs and the parameters 𝑡𝑡𝑙𝑙 and 
𝑡𝑡𝑝𝑝 have been set to the respective epochs, with 𝛥𝛥𝑡𝑡=3 epochs

 Feedbacks have been generated coherently with the user’s behavior

 All the users received an initial reputation score of 0.5 

 For each epoch only a population share of 20% has been randomly active

 Obviously, the higher the percentage of users correctly identified, the 
higher the accuracy of this reputation system
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Experiments

 Figure shows the results obtained for the two cases A and B on the basis 
of the user’s behavior correctly recognized

 The users’ nature is recognized very quickly (e.g., 90% of users is correctly 
classified in less than 11 and 18 epochs for the cases A and B, respectively) 

 With respect to similar systems, each user receives more feedback for the 
same ride, depending on the (random) number of participants to the ride 

 All the “neutral” users’ behavior are always correctly recognized
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Experiments

 The performance of the dynamic routing algorithm was tested with 
different graphs randomly generated

 For each new request the route is modified by rejecting the requests 
incompatible with both pre-existing time constraints and minimum 
reputation and by choosing among: i) minimizing the cost; ii) maximizing 
the number of served users; iii) maximizing the Users/Cost ratio 

 The computing time is always negligible, some milliseconds



Conclusions

 CP can contribute to support public and private mobility by reducing 
urban traffic and its environmental problems

 To this aim, in this paper a dynamic form of CP potentially able to enlarge 
the number of CP users has been presented

 These issues have been addressed by exploiting multiagent systems, 
reputation systems and blockchain technologies and tested by realizing 
some experiments on simulated data

 The first experiment based on simulated data, verified the effectiveness 
of the proposed reputation system for two scenarios

 The second one, verified the capability of the proposed algorithm to 
manage the dynamic routing

 The results of these preliminary experiments encourage further 
developments of this form of dynamic CP
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