US 20220083924A1

a2y Patent Application Publication (o) Pub. No.: US 2022/0083924 A1

a9 United States

Kalabic et al.

43) Pub. Date: Mar. 17, 2022

(54) SYSTEM AND METHOD FOR MEASURING
SOCIAL COST OF RIDESHARING SERVICE

(71) Applicant: Mitsubishi Electric Research
Laboratories, Inc., Cambridge, MA
Us)

(72) Inventors: Uros Kalabic, Jamaica Plain, MA (US);
Tsz-Chun Michael Chiu, Toronto (CA)

(73) Assignee: Mitsubishi Electric Research
Laboratories, Inc., Cambridge, MA
Us)

(21) Appl. No.: 17/022,154

118 \

(22) Filed: Sep. 16, 2020
Publication Classification
(51) Int. CL
G060 10/04 (2006.01)
HO4L 9/06 (2006.01)
G06Q 50/30 (2006.01)
G06Q 10/02 (2006.01)
G060 30/02 (2006.01)
G08G 1/00 (2006.01)
100 \
VEHICLE 114 SYSTEM 110
106A
104A
D
DATABASE
1068 108
1048

TRAFFIC
RIDESHARING CONTROL

SERVICE SYSTEM 112
SYSTEM 102

(52) US.CL
CPC ... GO6Q 10/04 (2013.01); HO4L 9/0618
(2013.01); GO6Q 50/30 (2013.01); HOAL
2209/38 (2013.01); GO6Q 30/0215 (2013.01);
G08G 1/202 (2013.01); GO6Q 10/02 (2013.01)

(57) ABSTRACT

A system for measuring a social cost of a ridesharing service
to transport passengers requesting transportation from their
corresponding pick-up to destination locations is provided.
The system includes an input interface to accept the pickup
and destination locations, information about traffic in a
region including the pickup and destination locations, and a
ridesharing path plan estimated by the ridesharing service
for a vehicle to transport the passengers; a processor con-
figured to: estimate a first delay in the traffic caused by the
vehicle traveling along the ridesharing path plan; simulate
an individual transportation path plan for each of the pas-
sengers to estimate a second delay in the traffic caused by a
combination of the individual transportation path plans; and
determine the social cost of the ridesharing service based on
a difference between the first and second delays; and an
output interface configured to output the social cost of the
ridesharing service.

1044 and 1048 are passengers
122A - pick-up location A of passenger 104A

1228 - destination location B of passenger 1248
104A 1228 ’(: :)

124A - pick-up location C of passenger 1048} | p———==saz
1248 - destination location D of passenger
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120 - ridesharing path plan
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SYSTEM AND METHOD FOR MEASURING
SOCIAL COST OF RIDESHARING SERVICE

TECHNICAL FIELD

[0001] The present disclosure generally relates to field of
vehicle ridesharing, and more specifically to a system and
method for measuring a social cost of a ridesharing service.

BACKGROUND

[0002] Ridesharing (also carpooling, car-sharing, and lift-
sharing) is the sharing of car journeys so that more than one
person travels in a car, and prevents the need for others to
have to drive to a location themselves. By having more
people using one vehicle, ridesharing reduces each person’s
travel costs such as: fuel costs, tolls, and the stress of
driving. Ridesharing is potentially a more environmentally
friendly and sustainable way to travel as sharing journeys
can reduce air pollution, carbon emissions, traffic congestion
on the roads, and the need for parking spaces. In recent
years, ridesharing has revolutionized the mobility landscape
and provided a novel way for people to access mobility.
However, ridesharing may also lead to unwanted situations.
For instance, ridesharing leads to the undesirable phenom-
enon of increased demand for unproductive transportation,
i.e., deadheading. Deadheading is a situation where a ride-
share vehicle heads to a pick-up location without passen-
gers. This results in increased use of roads by unproductive
transportation that may not serve any useful purpose.
[0003] As such, ridesharing service can both positively or
negatively affect society. The total sum of all individuals’
costs is referred to as the social cost. The social cost may
include the total duration of all trips, average passenger
convenience, economic costs, and pollution, among others.
[0004] Accordingly, it is an object of some embodiments
to provide a system and a method for estimating a social cost
of ridesharing services.

SUMMARY

[0005] It is an object of some embodiments to provide a
system and a method for estimating a social cost of ride-
sharing services. Additionally, or alternatively, it is an object
of some embodiments to provide regulation of the rideshar-
ing services to mitigate the social costs of ridesharing.
[0006] When a ridesharing passenger requests a rideshare
vehicle for transportation, additional demand is created to
the passenger’s current location. This causes a ridesharing
vehicle to lengthen an already existing trip, or perhaps
worse, it causes deadheading, which is transportation with-
out any passenger. In any case, additional transportation
demand creates additional traffic delay without providing
productive transportation to satisfy actual demand of the
ridesharing passenger. It is an object of some embodiments
to improve traffic by allowing ridesharing, such as carpool-
ing that allow multiple ridesharing passengers to efficiently
share the rideshare transportation. Such ridesharing may
reduce the number of vehicles servicing a given demand for
transportation. In this way, the reduction in the number of
vehicles may improve the flow of traffic.

[0007] Some embodiments are based on the recognition
that a social cost may be estimated based on negative
externalities (e.g. pollution emissions) of the ridesharing
services. Specifically, the negative externalities may be
evaluated based on a difference between productive and
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unproductive demand for mobility that is caused by ride-
sharing. The productive demand may serve a social benefit
serving transportation to passengers. The unproductive
demand may cause an unnecessary cost to society. It is the
object of some embodiments to balance unproductive trans-
portation with an increase in productive transportation. To
that end, the social cost may be evaluated by balancing the
unproductive and productive transportation. In some
embodiments, the balance in the unproductive and produc-
tive transportation may be achieved by comparing the actual
social cost of transportation with ridesharing to a simulated
social cost of transportation without ridesharing.

[0008] Some embodiments are based on the realization
that the social cost may be viewed as a delay on a road
caused by the motion of a vehicle rather than by the cost of
actual transportation, such as fuel consumption. In such a
manner, the social cost can be estimated from the outside of
the vehicle transportation by its effect on others, which is
consistent with the notion of social interaction. For example,
the vehicle may be weighted in a reversed proportion to a
number of passengers that may be transported by the
vehicle. For example, the vehicle moves to pick up a
passenger from a pick-up location. In such a scenario, the
vehicle carries no passengers. The vehicle may be an auto-
mated-vehicle, a semi-automated, or manually operated
vehicle. In such cases, the driver may not be counted as a
passenger of the vehicle. When the vehicle carries no
passenger, the weight of the vehicle is at maximum, e.g.,
equals to one. When the vehicle is carrying one passenger
the weight may be low. However, the weight of the vehicle
with one passenger may be higher than the weight of the
vehicle with more than one passenger, e.g. two passengers.
In some embodiments, a weighted distribution of the vehicle
of an individual transportation path plan of a set of passen-
gers may be simulated.

[0009] To that end, the weight of the vehicle is determined
for each road or link of a road to provide a weighted delay
of the ridesharing service. In some embodiments, the
weighted delay caused by the ridesharing service of each
vehicle may be estimated, as different links may have
different weights. The weighted delay of the ridesharing
service may be compared with the delay of individual but
productive transportation of each passenger. Indeed, if a
passenger instead of requesting a ridesharing service would
use his/her personal vehicle to reach a desired destination,
that transportation would always be productive, i.e., have no
roads with weight corresponding to zero passengers, but also
would not have of the benefit of decreasing weight further
due to transportation of multiple passengers at once.

[0010] Some embodiments are based on a recognition that
when a ridesharing company receives the request for the
transportation for the passenger, the ridesharing company
estimates a route for the transportation based on the request.
The ridesharing company may optimize the route that the
vehicle may travel to service multiple passengers. To that
end, the route may include a transportation path plan that is
common for providing ridesharing transportation to multiple
passengers. Such a transportation path plan is referred to as
a ridesharing path plan. This estimated ridesharing path plan
may differ based on unproductive transportation to pick up
the passenger. The ridesharing path plan may have a nega-
tive impact on the society. To that end, in some embodi-
ments, an individual path plan of one or more passengers
may be simulated independently. This individual path plan
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may differ from the ridesharing path plan. In some embodi-
ments, the ridesharing path plan and individual path plan
may differ in terms of a shorter route. For example, in some
implementations, the individual path plan is the shortest
route connecting pickup and destination locations. In some
alternative embodiments, the ridesharing path plan and
individual path plan may differ in terms of a faster route. For
example, the individual path plan is the fastest route that
may be selected by people traveling on their own.

[0011] Additionally, or alternatively, some embodiments
are based on the recognition that in some situations, by not
following a selfish path, an uncooperative vehicle may
achieve its individual driving objective better than by fol-
lowing the selfish path. Specifically, this statement is correct
only when enough vehicles cooperate. However, some
embodiments are based on realization that when the traffic
includes the cooperative vehicles that are guaranteed to
pursue the common objective, the selfish path of the unco-
operative vehicle may be suboptimal for the uncooperative
vehicles. To that end, with the presence of the cooperative
vehicles on the roads pursuing the common objective, the
individual objective for each uncooperative vehicle repre-
sents the worst-case scenario for achieving the common
objective of the cooperative vehicles as well as to achieve
the individual objectives of the uncooperative vehicles. In
other words, in a case where the common objective is to
minimize average time spent in traffic, the deviation of the
uncooperative vehicles from their selfish paths does not
jeopardize the achievement of the common objective for
cooperative vehicles. To that end, it is realized that if only
cooperative vehicles are cooperative according to the par-
tially social Nash equilibrium considering a combination of
common and individual objectives, the movement of both
the cooperative and uncooperative vehicles may converge to
the allocation defined by the partially social Nash equilib-
rium even if only cooperative vehicles are directly coopera-
tive. The Nash equilibrium may be based on delay functions
indicative of delays on different path plans for transporta-
tion. In different embodiments, delay on a plan path may be
defined by a linear or a nonlinear function. In some example
embodiments, the Nash equilibrium may be implemented
for quantifying the positive effect of ridesharing services in
the transportation service. The positive effect of the ride-
sharing services may be quantified by solving an optimiza-
tion problem using the Nash equilibrium. The Nash equi-
librium solves the optimization problem to provide a
solution for an unexpected distribution of the flow of vehicle
in a traffic network and measure a social cost absence of
ridesharing service.

[0012] Various embodiments estimate the social cost that
may be used in different ways. In some embodiments, the
social cost may be used for traffic control. The traffic control
based on the social cost may assist a ridesharing company in
providing transportation service to passengers. In an
example embodiment, the traffic control may assist the
ridesharing company in selecting a vehicle and/or selecting
road segments to service the transportation. Additionally, or
alternatively, in some embodiments, the social cost may be
used for arbitration to prevent the ridesharing company to
add an unreasonable cost to the society. Additionally, or
alternatively, in some embodiments, the social cost may be
used for mobility regulation to balance social costs imposed
by the ridesharing company on society. In some example
embodiments, a cap-and-trade approach may be used for

Mar. 17, 2022

mobility regulation. In a cap-and-trade approach, a cap on
ridesharing service may be set for regulating limits and
allowances of ridesharing transportation. The cap may be an
aggregation of social costs of road segments determined in
a virtual environment, such as a simulated environment.
[0013] Accordingly, one embodiment discloses a system
for measuring the social cost of a ridesharing service to
transport a set of passengers comprising one or more pas-
sengers requesting transportation from different pickup loca-
tions to different destination locations. The system includes
an input interface configured to accept each of: the pickup
and destination locations for the set of passengers, informa-
tion about traffic in a region including the accepted pickup
and destination locations, and a ridesharing path plan esti-
mated by the ridesharing service for a vehicle to transport
the set of passengers between their corresponding pickup
and destination locations. The system also includes a pro-
cessor configured to: estimate a first delay in the traffic
caused by the vehicle traveling along ridesharing path plan
estimated by the ridesharing service to transport the set of
passengers; simulate an individual transportation path plan
of each of the set of passengers between their corresponding
pickup and destination locations to estimate a second delay
in the traffic caused by a combination of the individual
transportation path plan of each of the set of passengers
based on the simulation; and determine the social cost of the
ridesharing service based on a difference between the first
delay and the second delay. The system further includes an
output interface configured to output the social cost of the
ridesharing service.

[0014] Another embodiment discloses a computer-imple-
mented method for measuring a social cost of a ridesharing
service to transport a passenger requesting transportation
from a pickup location to a destination location. The com-
puter-implemented method includes accepting each of:
pickup and destination locations for more than one passen-
gers in the plurality of passengers, information about traffic
in a region including the accepted pickup and destination
locations, and a first path plan estimated by the ridesharing
service for a vehicle to transport the more than one passen-
gers between their corresponding pickup and destination
locations. The method includes estimating a first delay in the
traffic caused by the vehicle traveling along the first path
plan estimated by the ridesharing service to transport the
passengers. The method includes simulating an individual
transportation path plan of each of the passengers between
their corresponding pickup and destination locations for
estimating a second delay in the traffic caused by a combi-
nation of individual transportation path plan of each of the
passengers. The method includes determining the social cost
of the ridesharing service based on a difference between the
first delay and the second delay. The method further includes
outputting the social cost of the ridesharing service.

[0015] Further features and advantages will become more
readily apparent from the following detailed description
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present disclosure is further described in the
detailed description which follows, in reference to the noted
plurality of drawings by way of non-limiting examples of
exemplary embodiments of the present disclosure, in which
like reference numerals represent similar parts throughout
the several views of the drawings. The drawings shown are
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not necessarily to scale, with emphasis instead generally
being placed upon illustrating the principles of the presently
disclosed embodiments.

[0017] FIG. 1A shows an environmental representation of
a ridesharing service to transport a set of passengers, accord-
ing to some embodiments of the present disclosure.

[0018] FIG. 1B illustrates a scenario depicting a rideshar-
ing service provided by the vehicle to transport the set of
passengers, according to some example embodiments of the
present disclosure.

[0019] FIG. 1C illustrates a scenario depicting a rideshar-
ing service provided by the vehicle to transport the set of
passengers, according to some other example embodiments
of the present disclosure.

[0020] FIG. 1D shows a schematic representation depict-
ing measurement of social cost, according to some embodi-
ments of the present disclosure.

[0021] FIG. 1E shows a block diagram of the system for
measuring social cost of a ridesharing service, according to
some embodiments of the present disclosure.

[0022] FIG. 2 shows a representation depicting measure-
ment of the social cost of the ridesharing service, according
to some example embodiments of the present disclosure.
[0023] FIG. 3 shows a representation depicting measure-
ment of the social cost of the ridesharing service, according
to some other example embodiments of the present disclo-
sure.

[0024] FIG. 4 shows a tabular representation depicting a
social cost of the ridesharing service, according to some
example embodiments of the present disclosure.

[0025] FIG. 5 shows a tabular representation depicting
credit or debit for the ridesharing service, according to some
example embodiments of the present disclosure.

[0026] FIG. 6 shows a representation depicting credit/
debit transaction for ridesharing by a distributed ledger
blockchain system, according to some example embodi-
ments of the present disclosure.

[0027] FIG. 7 shows a method flow diagram for the
credit/debit transactions by the distributed ledger blockchain
system, according to some example embodiments of the
present disclosure.

[0028] FIG. 8A shows a sequence flow diagram depicting
implementation of the system, according to some example
embodiments of the present disclosure.

[0029] FIG. 8B illustrates a representation depicting an
exchange of credits/debits for the ridesharing service,
according to some example embodiments of the present
disclosure.

[0030] FIG. 8C illustrates a use case implementation of
the system, according to some other example embodiments
of the present disclosure.

[0031] FIGS. 9A and 9B shows a method flow for mea-
suring social cost of a ridesharing service by the system,
according to some other example embodiments of the pres-
ent disclosure.

[0032] FIG. 10 shows an overall block diagram of the
system, according to some example embodiments of the
present disclosure.

[0033] While the above-identified drawings set forth pres-
ently disclosed embodiments, other embodiments are also
contemplated, as noted in the discussion. This disclosure
presents illustrative embodiments by way of representation
and not limitation. Numerous other modifications and
embodiments can be devised by those skilled in the art
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which fall within the scope and spirit of the principles of the
presently disclosed embodiments.

DETAILED DESCRIPTION

[0034] In the following description, for purposes of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of the present disclosure.
It will be apparent, however, to one skilled in the art that the
present disclosure may be practiced without these specific
details. In other instances, apparatuses and methods are
shown in block diagram form only in order to avoid obscur-
ing the present disclosure.

[0035] As used in this specification and claims, the terms
“for example,” “for instance,” and “such as,” and the verbs
“comprising,” “having,” “including,” and their other verb
forms, when used in conjunction with a listing of one or
more components or other items, are each to be construed as
open ended, meaning that the listing is not to be considered
as excluding other, additional components or items. The
term “based on” means at least partially based on. Further,
it is to be understood that the phraseology and terminology
employed herein are for the purpose of the description and
should not be regarded as limiting. Any heading utilized
within this description is for convenience only and has no
legal or limiting effect.

Overview

[0036] The proposed system enables measurement of
social cost of ridesharing services. The measured social cost
may be used for regulation of the ridesharing services. The
regulation of the ridesharing service may contribute in
improvement of traffic. Moreover, the regulation may incen-
tivize the ridesharing services that may help in the traffic
improvement.

[0037] FIG. 1A shows a schematic 100 of operation of a
ridesharing service system 102 to transport a set of passen-
gers, such as a passenger 104A and a passenger 104B,
according to some embodiments of the present disclosure. In
an illustrative example scenario, the passenger 104A may
send a transportation request to the ridesharing service
system 102, using an electronic device 106A. In a similar
manner, the passenger 104B may also send a transportation
request to the ridesharing service system 102 using an
electronic device 106B. Some of the non-limiting examples
of the electronic devices 106A and 106B may include a
computer smartphone, a laptop, a smartphone, phablet and/
or a portable hand-held device. Each of the electronic
devices 106 A and 106B may include an application interface
hosted by the ridesharing service system 102. Each of the
passengers 104A and 104B provides their corresponding
pick-up locations and drop-locations via the application
interface and sends the transportation request. The rideshar-
ing service system 102 may select a vehicle, such as a
vehicle 114 for the set of passengers 104A and 104B. Some
of the non-limiting examples of the vehicle 114 may include
an automatic vehicle, a semi-automatic vehicle or a manu-
ally-operated vehicle.

[0038] In some example embodiments, the vehicle 114
may be selected based on nearest distance measurement to
the pick-up location of the passenger 104A or the passenger
104B. For instance, the vehicle 114 may be located within 5
kilometers (kin) of distance from the pick-up location of the
passenger 104A. Further, the ridesharing service system 102
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may estimate a ridesharing path plan between the pick-up
locations and the drop locations of the passengers 104A and
104B. In some example embodiments, the ridesharing ser-
vice system 102 may access, via a network 108, real-time
traffic information from a traffic control system 112 for the
estimation of the ridesharing path plan. The ridesharing
service system 102 may share the estimated ridesharing path
plan with the vehicle 114. In some embodiments, the ride-
sharing path plan may be stored in a database 116.

[0039] When the vehicle 114 starts to move towards the
pick-up location of the passenger 104, the vehicle 114 may
have no passenger. This leads to a phenomenon of dead-
heading, which is an additional demand for an unproductive
transportation. Such deadheading may contribute in negative
externalities to environment. The scenario of deadheading
leading to unproductive transportation is described with
reference to FIGS. 1B and 1C.

[0040] FIG. 1B illustrates a scenario 118 depicting a
ridesharing service provided by the vehicle 114 to transport
the set of passengers 104A and 104B, according to some
example embodiments of the present disclosure. As shown
in FIG. 1B, the vehicle 114 moves towards a pick-up
location 122A (i.e., location A) of the passenger 104A,
without any passenger in the vehicle 114. The destination
location of the passenger 104A is at location 122B (i.e.,
location B). The vehicle 114 also receives a transport request
from the passenger 104B, which is at a pick-up location
124A (i.e., location C). The vehicle 114 may receive the
transport request of the passenger 104B, while moving
towards the pick-up location 122A or while transporting the
passenger 104 A towards the destination location 122B. The
destination of the passenger 104B is at a destination location
124B (i.e., location D). The ridesharing service may traverse
in a ridesharing path plan 120 that covers corresponding
pick-up locations 122A and 124A (i.e., locations A and C)
and corresponding drop locations 122B and 124B (i.e.,
locations B and D) of the passengers 104A and 104B. Such
situation may happen, when the ridesharing service system
102 assigns the vehicle 114 for providing the transport
service to both the passengers 104A and 104B.

[0041] However, there may be times that the ridesharing
path plan 120 may be optimal for the transportation. The
ridesharing path plan 120 may have negative externalities
that impact the society. To that end, an individual path plan
for each of the passengers 104A and 104B may be simulated
by the system 110, which are shown and described next with
reference to FIG. 1C.

[0042] FIG. 1C illustrates a scenario 126 depicting simu-
lated individual transportation path plans, such as an indi-
vidual path plan 128A and an individual transportation path
plan 128B for of a set of passengers, such as the correspond-
ing passengers 104A and 104B, according to some other
example embodiments of the present disclosure. In some
example embodiments, the ridesharing service system 102
may send the transportation requests of the corresponding
passengers 104A and 104B to the system 110. The system
110 simulates the individual path plans 128A and 128B for
each of the passengers 104A and 104B, upon receipt of the
corresponding transportation requests. As shown in FIG. 1C,
the passenger 104A may travel via the individual path plan
128A between the pick-up location 122A to the destination
location 122B, i.e., from location A to location B. In a
similar manner, the passenger 104B may travel the indi-
vidual path plan 128B between the pick-up location 124A to
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the destination location 124B, i.e. location C to location D.
The passenger 104B may take the individual path plan 128B
via a vehicle 130.

[0043] In one example embodiment, the individual path
plans 128A and 128B may be simulated using a determin-
istic simulator algorithm. For instance, the deterministic
simulator algorithm may be used to track states of each of
the transportation requests, implement delays and perform
state transitions of each of the transportation requests. Each
of the individual path plans 128A and 128B may impact the
negative externalities of ridesharing services. To that end,
social cost of the ridesharing services is measured by the
system 110. The system 110 may measure social cost in each
of the individual path plans 128A and 128B. The measure-
ment of social cost is described next with reference to FIG.
1D.

[0044] FIG. 1D shows a schematic representation 132
depicting measurement of social cost, according to some
embodiments of the present disclosure. In some example
embodiments, the system 110 determines minimum-path
routes as the individual path plans 128A and 128B for each
transportation request of the corresponding passengers 104 A
and 104B. For each of the individual path plans 128A and
128B, a minimum-cost path is determined. The minimum-

cost path provides a routing matrix, R: VxexV—R for a
link i (e.g., the individual path plan 128A and the individual
path plan 128B) with an origin and destination pair (j°,/)
(e.g., the locations 122A and 122B of the individual path
plan 128A and the locations 124A and 124B of the indi-
vidual path plan 128B), i*=arg min,c..qh—R;:;7- A vehicle
on the link i, e.g., the vehicle 114 on the individual path plan
128A and the vehicle 130 on the individual path plan 128B,
updates the cost of corresponding link to D,(X,(T,*)+1).
[0045] In some example embodiments, when the system
110 receives the transportation requests of the passengers
124A and 124B, each of the transportation requests under-
goes a state transition 134. Each of the transportation
requests has states, such as queued state 134A and waiting
state 134B. When each of the transportation requests is in the
queued state 134A (e.g., at node j), each of the transportation
requests is routed to a link i satisfying o(i)=j according to the
minimum-distance path. The transportation requests in the
queued state 134A are transitioned into the waiting state
134B for a delay equal to delay on the link (e.g., the
locations 122A and 122B and the locations 124A and 124B),
(D, (T,°) at current time T,°. After the duration of the delay,
each of the transportation requests is placed back into the
queue state 134A at node t(i) and the process repeats until
the transportation requests reach the destination. The delays
for each of the transportation requests of the corresponding
passengers 104A and 104B may be determined by the
system 110 at the time of routing the individual path plans
128A and 128B.

[0046] The delay (DT, on the link affects transporta-
tion, which is used for social cost measurement of the
transportation. In the social cost measurement, a social cost
caused by transportation services, e.g., a social cost caused
by the ridesharing path plan 120 and a social cost caused by
individual transportations, e.g., a social cost 140 caused by
each of the individual path plan 128 A and the individual path
plan 128B. In some example embodiments, the social cost
caused by the ridesharing path plan 120 is measured based
on a delay along the ridesharing path plan 120, referred to
as a first delay 136. In a similar manner, a combined social
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cost caused by the individual path plans is measured based
on a delay, referred to as a second delay 138 along the
individual path plans 128A and 128B.

[0047] The measured social cost of the ridesharing path
plan 120 may have a positive or a negative impact to the
society. To that end, the positive or negative social cost
caused by the ridesharing path plan 120 is determined based
on a comparison 140 between the first delay 136 and the
second delay 138. In the comparison 140, a difference
between the first delay and second delay is obtained as a
measured social cost 142.

[0048] The first delay 136 and the second delay 138 for the
social cost measurement are estimated by the system 110.
The system 110 is further described with reference to FIG.
1E.

[0049] FIG. 1E shows a block diagram of the system 110
for measuring social cost of a ridesharing service, according
to some embodiments of the present disclosure. The system
110 includes an input interface 144, a memory 146, an
output interface 148 and a processor 150. The input interface
144 is configured to accept pick-up and destination locations
for a set of passengers. The set of passengers comprises one
or more passengers, such as the passengers 104A and 104B
at different pick-up locations, i.e., the pick-up locations
122A and 124A. The input interface 144 also receives
information about traffic in a region including the accepted
pick-up locations (i.e., the pick-up locations 122A and
124A) and destination locations (i.e., the destination loca-
tions 122B and 124B). The input interface 144 further
receives a ridesharing path plan (e.g., the ridesharing path
plan 120) estimated by the ridesharing service, such as the
ridesharing service system 102 for the vehicle 114 to trans-
port the set of passengers 104A and 104B between their
corresponding pick-up and destination locations (i.e., the
location 122 A to the location 122B and the location 124A to
the location 124B).

[0050] The memory 146 is configured to store instructions
to be executed by the processor 150. In some embodiments,
the processor 150 is configured to estimate a first delay in
traffic that may be caused by the vehicle 114 traveling along
the ridesharing path plan estimated by the ridesharing ser-
vice system 102 to transport the set of passengers. The
processor 150 is also configured to simulate an individual
transportation of each of the set of passengers between their
corresponding pickup and destination locations. The simu-
lated individual transportation is used to estimate a second
delay in the traffic that may be caused by a combination of
the individual transportation of each of the set of passengers.
Each of the individual path plans corresponds to each of the
pickup and destination locations of each of the set of
passengers. The processor 150 is further configured to
determine the social cost of the ridesharing service based on
a difference between the first delay and the second delay.
The determined social cost of the ridesharing service is
provided as an output, via the output interface 148.

[0051] In some embodiments, the processor 150 may be
configured to estimate an individual path plan forming a
shortest route connecting their corresponding pick-up and
destination locations (e.g. the locations 122A to locations
122B and locations 124A to locations 124B). For instance,
the shortest path may be estimated based on shortest path
problem technique. The shortest path problem is a problem
of finding a path between two vertices (or nodes) in a graph
such that a sum of weights of its constituent edges is
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minimized. The problem of finding the shortest path
between two intersections on a road map may be modeled as
a special case of the shortest path problem in graphs, where
the vertices correspond to intersections and the edges cor-
respond to road segments, each weighted by the length of the
segment. Examples of algorithms to find the shortest path
include, but not limited to, Dijkstra’s algorithm, Bellman-
Ford algorithm, A* search algorithm, Floyd-Warshall algo-
rithm, Johnson’s algorithm, Viterbi algorithm. In some other
embodiments, the processor 150 may be configured to
estimate an individual path plan forming a fastest route
connecting their corresponding pick-up and destination
locations (e.g. the locations 122A to locations 122B and
locations 124A to locations 124B).

[0052] The measurement of social cost of the ridesharing
service is further described with reference to FIG. 2.
[0053] FIG. 2 shows a representation 200 depicting mea-
surement of the social cost of the ridesharing service,
according to some example embodiments of the present
disclosure. In some embodiments, the simulation of indi-
vidual transportation of each of the passengers, such as the
passengers 104A and 104B, the processor 150 is configured
to simulate weighted distribution of vehicles of the indi-
vidual transportation of each of the passengers 104A and
104B. In some embodiments, a static behavior of traffic may
be modeled as a static game on a traffic network 202. To that
end, concept of Nash equilibrium may be implemented for
a static traffic on the traffic network 202. In some example
embodiments, the ridesharing services may provide positive
effect in the transportation service. The positive effect of the
ridesharing services may be quantified by solving an opti-
mization problem using the Nash equilibrium. The optimi-
zation problem may be represented as,

min,Z,e food(s)ds, (1a)
sub. to Ax=b, (1b)
Osx<X (1¢)
[0054] Here, d, is a delay function on each link (i) of a path

plan (i.e., the ridesharing path plan 120 or the individual
path plans 128A and 128B); E is a set of directed links or
edges; let x: e—=R, be a vector representing flow on each
link; a matrix A: G—{0, =1} represents a graph topology
and satisfies,

Aoy =) @

[0055] Further, b is a vector such that b: V—=R, represents
exogenous flows into or out of each node. The exogenous
flows are inflow rates of the traffic network 202 that are
balance so that X ,b =0 and X is a vector. Here, X:e—>R
represents capacity limit on each link and is strictly positive.
A total delay is termed as the social cost, which is given by
the following expression:

ZieX %) (3)

[0056] To that end, the traffic network 202 be modeled as
a directed graph, G=VxE. Here, V is a set of nodes or
vertexes (such as N, N, and N;) and E is a set of directed
links or edges (such as link 1, link 2, link T and link 2). The
nodes N;, N, and N; may represent the locations 122A,
122B and 124A and 124B. The links 1, 2, T and 2 may
represent path plans connecting the locations 122A, 122B
and 124A and 124B. In each of the links 1, 2, T and 2, flow
of traffic may be indicated by a vector x: E—=R, and delay
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in traffic may be a delay function vector d: E—=(R,—R,).
For instance, the first delay may correspond to the rideshar-
ing path plan 120 and the second delay may correspond to
a combination of the individual path plans 128A and 128B.
[0057] Each delay function d;; R,—=R, is a piecewise-
continuous, positive and non-decreasing function, d,(§+1)
=d,(£)>0, Vi€e, VE, MER,.

[0058] The optimization problem at equation (1) may
provide a solution for an expected distribution x of flow at
the Nash equilibrium and may measure the social cost using
equation (3), in absence of ridesharing and relating the
actual cost in absence of ridesharing. To that end, a mini-
mizer for equation (1) may be represented by x*: E—=R and
x% may represent an actual vector of flows. The actual flow
x may consist of individual vehicles, such as the vehicle 114
and the vehicle 130.

[0059] In some example embodiments, each of the
vehicles 114 and 130 may have more or less than one
passenger. To that end, a weighted distribution of vehicles
114 and 130 of individual transportation of each of the set of
passengers 104A and 104B may be simulated by the pro-
cessor 150 of the system 110. For instance, let flow of x*”,
n=0, 1, 2, . . ., be distribution of routes of a ridesharing
vehicle, such as the vehicle 114 carrying n passengers so that
3, =x". A weighted distribution of the vehicles 114 and
130 is given by

W=z kR 4

[0060] In some embodiments, a difference between social
cost of flow x* at the Nash equilibrium and social cost of
actual flow x,

AS=2 xR dxf)-x*d (x*) ®

[0061] Here, AS is based on social cost over each of the
passengers 104A and 104B, an aggregate of which is rep-
resented by the weighted distribution %%, whose delay is
based on actual distribution of flow x%. A negative additional
cost AS implies a net improvement of social cost with use of
the ridesharing services of the ridesharing service system
102.
[0062] Insome example embodiments, the social cost may
be negative, i.e., AS<0. To that end, delay at link 2 (d5) may
more than delay at link 2 (d,). Let, d»>d,(0) and vehicles,
such as the vehicle 114 services a flow x with exactly one
passenger, such as the passenger 104A or the passenger
104B. At Nash equilibrium, the vehicles utilize link 1 until
delay d, (x,)>d;. Link 2 may be under saturated at full flow,
ie. d, (x)<ds, the flow at the user equilibrium is given by
x*,=0, x*;=x, x*,=x and x*,=0. The social cost is given by,
xdp+xd,(x). Let flow x® be actual flow in the traffic network
202 and %* be the weighted flow. The additional social cost
is given by,
F R Ry (-3 B8, A3 (-2, dp-xd

Tl (7)o )~ 3, R (g (0, 7))x(d

3-dy(x)). (6)
[0063] If x,°=x, as at the user equilibrium, then the
constraint AS=0 requires that, %,% (d(x,%)-d)=<0, which
implies that x,%=0. In order to provide the transportation
service on link 1, the ridesharing service system 102 may
make a tradeoff by decreasing in proportional amount of
transportation service on link 2 and introduce a ridesharing
service, such as carpooling that satisfies, %,%(d
7—d,(%,%)) =% Rd((x,5)-dp)=x(d5—dx(x)). This may encour-
age the ridesharing service system 102 to suspend transpor-
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tation services of some vehicles on the traffic network 202.
The suspension of the transportation services may reduce
impact on negative externalities of the ridesharing services.

[0064] There maybe different scenarios that the social
costs may differ, which is described next with reference to
FIG. 3.

[0065] FIG. 3 shows a representation 300 depicting mea-
surement of the social cost of the ridesharing service,
according to some other example embodiments of the pres-
ent disclosure. The representation 300 includes a traffic
network 302 with links 1, 2, 3 and 4. In the traffic network
302, each of the links 1, 2, 3 and 4 may have a flow x, such
that x,>X,>X, ,,. The delays may be equal in the links 1, 2,
3 and 4. In first scenario, there may no ridesharing service
available in the links 1, 2, 3 and 4. In such scenario, the flow
may be at user equilibrium, i.e., x,%=x |, x,5=x%,, x;%=x,5=0,
and ¥*=x*. In second scenario, the flows along edges of the
link 1 of the traffic network 302 may be x, as x, vehicles are
to return to pick up passengers, while satisfying transporta-
tion service request of the set of passengers such as the
passengers 104A and 104B. When the flows are at x,>X,, the
vehicles (e.g., the vehicles 114 and 130) may satisfy the
transportation service request of the flow if x,%=x,; the
weighted flows are % *=%,"=x, and %,°=%,%=0. In third
scenario, the flow along the edges of the traffic network 302
may be Xx,,, when each of the vehicles 114 and 130 carries
two passengers and the weighted flows are X, *=%,%=x, and
%,%=%,%=0. In the second scenario, ridesharing results in an
in social cost as the vehicles may be traveling without any
passengers until the pick-up location of corresponding pas-
sengers is reached. The increment in the social cost may be
given by,

2 F R d ) o (o) ~do(42))>0 O]

[0066] In the third scenario, ridesharing results in a
decrease in social cost,

xl(dl(%) —d (xl)) +x2(d2(%l) - dz(xz)] <0.

[0067] The difference in delays (e.g., first delay and sec-
ond delay) in ridesharing path plan 120 and a combination
of the individual path plans 128A and 128B, contribute in
measurement of the social cost of the ridesharing, which is
shown in FIG. 4.

[0068] FIG. 4 shows a tabular representation 400 depict-
ing a social cost of the ridesharing service, according to
some example embodiments of the present disclosure. The
tabular representation 400 includes column fields, first delay
(d,) 402, second delay (d,) 404, social cost 406 and request/
deny option 408. In row 410, the first delay under the
column field 402 is 5 and the second delay under the column
field 404 is 10. The difference between the first delay and
second delay is a negative value, i.e., -5. This implies AS<O
and the first delay at the ridesharing path plan 120 may more
than the second delay at the individual path plans 128A and
128B. In row 412, the first delay under the column field 402
is 10 and the second delay under the column field 404 is 5.
The difference between the first delay and second delay is a
positive value, i.e., 5, which indicates that the ridesharing
service system 102 may allow the ridesharing service by the
vehicle 114 along the ridesharing path plan 120.
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[0069] In some embodiments, when there is cause of the
first delay or elimination of the second delay, the ridesharing
service system 102 may get debited or credited, which is
shown in FIG. 5.

[0070] FIG. 5 shows a tabular representation 500 depict-
ing credit or debit for the ridesharing service, according to
some example embodiments of the present disclosure. The
tabular representation 500 includes column fields, first delay
(d,) 502, second delay (d,) 504 and credit/debit option 506.
When there is elimination of the second delay, ridesharing
service system 102 receives credits, e.g. 5 credit tokens.
When there is increase in the first delay, the ridesharing
service system 102 may receive debits, e.g. 5 debit tokens.
These credits and debits are determined by the system 110.
[0071] In some embodiments, the credits and debits may
be exchanged among multiple ridesharing service providers.
The ridesharing service providers may be controlled by the
ridesharing service system 102. A credit for a ridesharing
service is determined by the system 110 after completion of
a transportation service of the passenger 104A. The credit
may be equal to sum of delay of the passenger 104A and
amount of delay caused by other passengers, such as the
passenger 104B. The credit is determined by,

CO=TA- TGO T )-DE-1) ®)

[0072] Here, T," is at exit and is equal to time at entry T,°
plus the delay at that time, which is deterministic and given
by,

Til‘TiO:Di(Xi(Tio)) ©

[0073] Using, equation (13) to replace Til in equation (12).
The total credited for virtual path plan p* is given by,

2,

iep*

[0074] The debits for the ridesharing service providers
may be determined in real-time. A debit for each link is
earned after a passenger exits a link is equal to sum of the
passenger’s own delay and amount of delay caused by other
passengers,

BO:=n (T -TOX(EHDAXATH)-DATH-1) (10)

[0075] Here, n, is number of passengers in the vehicle of
link i. The total debited for a path plan p is given by,

>80

iep

[0076] The system 110 may share the debits and credits for
the ridesharing services to the ridesharing service system
102. In some example embodiments, the debits or credits
may correspond to points, such as loyalty points, coin-based
debit/credit, or the like. Additionally, or alternatively, the
debits and credits may be issued based on a blockchain
technology, which is described next with reference to FIG.
6.

[0077] FIG. 6 shows a representation 600 depicting credit/
debit transaction for ridesharing by a distributed ledger
blockchain system, according to some example embodi-
ments of the present disclosure. There is shown the system
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110, the ridesharing service system 102 and a distributed
ledger blockchain system 602. In some embodiments, the
social cost measured by the system 110 may be capped on
ridesharing transportation services of the ridesharing service
system 102. In an example embodiment, a cap on the
ridesharing services may be set as a sum of social costs
measured in a simulated environment. The ridesharing ser-
vice system 102 may ensure that an aggregated social effect
of their activity is below the sum of social effect of activity
according to the simulated environment.

[0078] Ina static traffic, a marginal cost of a path plan p*in
the simulated environment may be given by,

Eiep*di(x o d(x ) 11

[0079] where, x*, is the solution to (1) and d', is the
right-hand derivative satisfying,

di(x + &) — d;(x) (12)

sl

[0080] The cost to the provider is determined as the social
cost of actual routes. For a single route, the social cost is
given by,

Ziepnzdi('xiR)"'fiRd'i(xiR) (13)

[0081] where, n, is the number of passengers in the vehicle
at link i. For example, the number of passengers may be 2
for the vehicle 114 at a single path plan 120.

[0082] In case of static distribution of ridesharing path
plans, flows of the vehicles 114 and 130 and a weighted
distribution are at x® and %%. The cost to be debited from the
ridesharing service system 102 is given by,

B =2 A (14)

[0083] The cost to be credited to the ridesharing service
system 102 is given by,

CH: =% xd %) 15)

[0084] Here, x*; is the flow of vehicles (such as the vehicle
114) in the ridesharing path plan 120, which is solution to the
optimization problem denoted by equation (1).

[0085] In one example embodiment, issuance of the cred-
its and debits may be implemented via a clearing house
entity (not shown in FIG. 6). The clearing house entity may
be connected to the distributed ledger blockchain system
602 via the network 108. The clearing house entity may
require repayment of debts issued at the end of each day or
every week, to reduce temporal effects of traffic.

[0086] In some example embodiments, the distributed
ledger blockchain system 602 may implement transactions
in distributed ledgers having a blockchain protocol. The
blockchain protocol provides a decentralized, distributed,
and oftentimes public, digital ledger that is used to record
transactions across many computers so that any involved
record is not altered retroactively, without the alteration of
all subsequent blocks. This allows participants of transac-
tions to verify and audit transactions independently and
relatively inexpensively. In some example embodiments, the
blockchain protocol may be suitable for creation of both
credit and debit transactions. The blockchain protocol may
be executed for receiving messages and processing the
messages into one or more blocks of a blockchain. These one
or more blocks may be connected to a plurality of nodes in
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the distributed ledger blockchain system 602. A node cor-
responds to a building block of an entire network using the
blockchain protocol. For instance, the node may contain a
copy of the entire blockchain. Further, each of the plurality
of nodes may be interconnected to every other node in the
network. Each node may be embodied in a plurality of ways,
including but not limited to such as a computer, a mobile
device, a handheld, a portable computing device, a tablet, a
smartphone, a laptop, a smart wearable device and the like.

[0087] During processing of the messages, the distributed
ledger blockchain system 602 may generate different types
of the transaction including a credit transaction having an
unmatched output configured for matching to the next
transaction; a debit transaction having an unmatched input
configured for matching to the previous transaction and a
transfer transaction having a matched input and a matched
output. The transfer transaction can be of different types,
such as unspent debt-credit transaction and/or partially-
repaid debt transaction, and others. In some implementation,
the different types of the transaction can optionally include
a coin-base transaction.

[0088] In some embodiments, the blockchain protocol
may be implemented through use of an unspent transaction
model (UTXO) model. To that end, a message may be
associated with a transaction to be included in the block-
chain by matching inputs and outputs of the transaction to
neighboring transactions such that an input of the transaction
is matched to an output of a previous transaction and an
output of the transaction is matched to an input of a next
transaction. In the UTXO model, if notion of credits is
structured based on unmatched outputs of the transactions,
notion of debits in extended UTXO model may be structured
based on transactions with unmatched inputs. In other
words, credit is a transaction with inputs and unmatched
outputs, debit is a transaction with outputs and unmatched
inputs. Such transactions with outputs and unmatched inputs
may be referred to as debt transactions. In such a manner,
debt transactions can be naturally integrated into the UTXO
model. The introduction of debt transaction based on
unmatched inputs integrates the debt and credit transaction
into a single protocol. In one example embodiment, the
distributed ledger blockchain system 602 may include a debt
pool for storing a record of all outstanding debt transactions
in the debt based distributed ledger blockchain system 602.
When a debt is repaid, its corresponding debt transaction is
removed from the debt pool and whenever debt is taken, a
new transaction is added to the debt pool. The distributed
ledger blockchain system 602 may also be configured to
store a record of all other transactions, such as credit
transactions, debt-credit transactions and the like. The
record of the transactions may be stored in one or more
databases, such as a block database (not shown in FIG. 6).

[0089] The one or more blockchain databases may be
managed autonomously using a peer-to-peer network of the
plurality of nodes and a distributed timestamping server.
They are authenticated by mass collaboration powered by
collective self-interests. Such a design facilitates robust
workflow where uncertainty of the participants regarding
data security is marginal. The use of a blockchain removes
the characteristic of infinite reproducibility from a digital
asset. It confirms that each unit of value was transferred only
once, solving the long-standing problem of double spending.
In some example embodiments, the one or more blockchain
databases may be based on database architectures such as a
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relational database architecture that may store information
for the ridesharing service system 102, external regulatory
and compliance related information, third party resources,
and the like. The distributed ledger blockchain system 602
may be communicatively coupled to the system 110 and the
ridesharing service system 102 through the network 108.
[0090] FIG. 7 shows a method flow diagram 700 for
credit/debit transactions by the distributed ledger blockchain
system 602, according to some example embodiments of the
present disclosure. The method 700 is performed by the
distributed ledger blockchain system 602 upon receiving
credits and debits for the ridesharing services from the
system 110.

[0091] At step 702, a credit transaction is generated. The
credit transaction may have both an input and an output. The
input may point to a sender of credit and the output may
point to a recipient of the credit. For instance, the sender or
recipient may be between ridesharing service providers,
between a bank and a ridesharing service provider, etc.
[0092] At step 704, a credit transfer transaction is gener-
ated. The credit transaction may be a transaction involving
at least two nodes, e.g., first ridesharing service provider and
second ridesharing service provider. The credit transaction
may be transferred by mentioning an address of the first
ridesharing service provider in an input field of the trans-
action received at the second ridesharing service provider
and an address of the second ridesharing service provider in
an output field of corresponding debit transaction originating
at the first ridesharing service provider. In some cases, the
credit transfer transaction may be generated when the first
ridesharing service provider does not have sufficient credit
or spendable UTXO amount available and thus, needs to
take a debt for performing this credit transfer.

[0093] At step 706, a debit transaction is generated. The
debit transaction may be generated when there is an
unmatched transaction or no parent transaction as input. For
instance, when the first ridesharing service provider needs
debt, the output of the debit transaction points to the first
ridesharing service provider. At the same time, the generated
debt transaction may be added to a debt pool.

[0094] At step 708, a blockchain in the distributed ledger
blockchain system 602 is updated with the generated trans-
actions. Additionally, or alternatively, the distributed ledger
blockchain system 602 may also include exchanging various
messages describing a sequence of events associated with
coin-base transactions.

[0095] FIG. 8A shows a sequence flow diagram 800
depicting implementation of the system 110, according to
some example embodiments of the present disclosure. In an
example embodiment, a set of passengers, e.g., the passen-
gers 104A and 104B requests for transportation to the
ridesharing service system 102, using their corresponding
electronic devices 106A and 106B. At step 802, the elec-
tronic device 106A/106B sends a transportation request to
the ridesharing service system 102 from the electronic
device 106A/106B. The transportation request includes a
pick-up and destination locations of the corresponding pas-
senger 104A or 104B. The ridesharing service system 102
determines a ridesharing path plan based on the pick-up and
destination locations. At step 804, the ridesharing service
system 102 sends the pick-up and destination locations
along with the ridesharing path plan to the system 110.
[0096] At step 806, the system 110 estimates a first delay
in traffic along the ridesharing path plan. The first delay is



US 2022/0083924 Al

estimated based on the pick-up and destination locations as
well as traffic information from the traffic control system
112.

[0097] At step 808, the system 110 estimates a second
delay in the traffic caused by a combination of individual
transportation path plans of each of the passengers 104A and
104B. The second delay is estimated in a simulation, where
an individual transportation path plan for each of the set of
passengers between their corresponding pick-up and desti-
nation locations is simulated.

[0098] At step 810, a social cost for a ridesharing service
between the passengers 104A and 104B is determined. The
social cost is determined based on a difference between the
first delay and the second delay in the traffic. In case, the
social cost is negative, the ridesharing service system 102
may proceed with the ridesharing service. In other case, the
social cost may be positive based on the difference. In such
a case, the ridesharing service system 102 may suspend the
ridesharing service and proceed with the individual path
plans for the transportation of the passengers 104A and
104B.

[0099] At step 812, the ridesharing service system 102
shares multiple options for ridesharing path plan for servic-
ing the passengers 104A and 1104B to the system 110. At
step 814, the system 110 estimates social cost of each of the
multiple options, upon receipt of the multiple options. At
step 816, the system 110 sends a request to the ridesharing
service system 102 to select an option from the multiple
options corresponding to lowest social cost or deny ride-
sharing requests having negative social cost.

[0100] At step 818, the ridesharing service system 110
sends the response of the selected option for the ridesharing
to the electronic device 106A/106B. At step 820, the ride-
sharing service system 102 sends a response or confirmation
for transportation of the passengers 104A and 104B based on
the selected response from the multiple options.

[0101] At step 822, the system 110 determines credits or
debits for the ridesharing. In some embodiments, the credits
may be determined upon elimination of the second delay.
The debits may be determined when there is cause of the first
delay due to the ridesharing. The system 110 may issue the
credits in proportion to the social cost of the ridesharing
service when the social cost is negative. The debts may be
issued in proportion to the social cost of the ridesharing
service when the social cost is positive. At step 824, these
credits or debits are assigned to the ridesharing service
system 102 for the ridesharing service. In some example
embodiments, the credits or debits may be issued using the
distributed ledger blockchain system 602. These credits/
debits may be exchanged via a clearing housing entity with
the distributed ledger blockchain system 602. The exchange
of the credits/debits is described next with reference to FIG.
8B.

[0102] FIG. 8B illustrates a representation 826 depicting
an exchange of credits/debits by a ridesharing service of the
ridesharing service system 102, according to some example
embodiments of the present disclosure. The ridesharing
service system 102 may exchange the credits/debits (e.g.,
mobility credits/mobility debits) with a mobility bank, e.g.,
a transportation department 828. The mobility credits/mo-
bility debits may be exchanged between the ridesharing
service system 102 and the transportation department 828,
via a clearing house entity, e.g., a regulated market 830. For
instance, the transportation department 828 may issue debits
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to the ridesharing service system 102 and issue credits on the
regulated market 830. The ridesharing service system 102
may trade excess credits with the regulated market 830.
Additionally, or alternatively, the ridesharing service system
102 may incentivized for efficiently providing socially ben-
efit mobility service.

[0103] FIG. 8C illustrates a use case scenario 832 for
ridesharing, according to one example embodiment of the
present disclosure. When the ridesharing service system 102
selects an option based on selection of the lowest social cost,
the passengers 104A and 104B may share the vehicle 114
along the ridesharing path plan 120. In another scenario, the
ridesharing service system 102 may suspend the ridesharing
path plan 120 and provide individual transportation of the
passengers 104A and 104B, which is shown in FIG. 8C. In
use case the scenario 832, the ridesharing service system 102
may assign the vehicle 114 to the passenger 104A along the
individual path plan 128A and assign another vehicle, e.g.,
the vehicle 130 to the passenger 104B along the individual
path plan 128B, which is shown in FIG. 1C. Each of the
individual path plans 128A and 128B may be fastest or
shortest route.

[0104] FIGS. 9A and 9B shows a method flow 900 for
measuring social cost of a ridesharing service by the system
110, according to some other example embodiments of the
present disclosure. The method flow 900 includes operations
902-910, that are performed by the system 110. At operation
902, pickup and destination locations (e.g., the pick-up
locations 122 A and 124A and the destination locations 122B
and 124B) for a set of passengers (e.g., the passengers 104A
and 104B) are accepted along with information about traffic
in a region including the accepted pickup and destination
locations and a ridesharing path plan estimated by a ride-
sharing service for a vehicle (e.g., the vehicle 114) to
transport the set of passengers between their corresponding
pick-up and destination locations. The passengers 104A or
104B may request for the transportation from the ridesharing
service system 102 using their corresponding electronic
devices 106A and 106B.

[0105] At operation 904, a first delay in the traffic caused
by the vehicle traveling along the ridesharing path plan, is
estimated. In some example embodiments, the first delay is
determined based on the pick-up and destination locations,
traffic information along the ridesharing path plan and the
ridesharing path plan shared by the ridesharing service (e.g.,
the ridesharing service system 102). At operation 906, an
individual transportation path plan for each of the set of
passengers between their corresponding pickup and desti-
nation locations is simulated for estimating a second delay
in the traffic caused by a combination of individual trans-
portation path plan of each of the passengers 104A and
104B. In some embodiments, the second delay may corre-
spond to delay functions indicative of delays on the indi-
vidual path plans 128A and 128B.

[0106] At operation 908, the social cost of the ridesharing
service is determined based on a difference between the first
delay and the second delay. In some example embodiment,
the first delay and second delay may correspond to time
delay in their corresponding path plans. For instance, the
first delay may be a delay of 5 seconds and the second delay
may be a delay of 10 seconds. The difference between the
first and second delays corresponds to the social cost. At
operation 910, the social cost of the ridesharing service is
outputted via the output interface 148 of the system 110.
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[0107] FIG. 10 shows an overall block diagram of a
system 1000, according to some example embodiments of
the present disclosure. The system 1000 corresponds to the
system 110 of FIG. 1. The system 1000 includes an input
interface 1002, a processor 1004, a memory 1006, a network
interface controller 1014, and an output interface 1020. The
input interface 1002 is configured to accept the pickup and
destination locations for the set of passengers, information
about traffic in a region including the accepted pickup and
destination locations, a ridesharing path plan estimated by
the ridesharing service for a vehicle to transport the set of
passengers between their corresponding pick-up and desti-
nation locations. The processor 1004 is configured to
execute instructions stored in the memory 1006. Addition-
ally, or alternatively, the memory 1006 may be configured to
store modules, such as a simulation module 1008 and a
social cost estimation module 1010. The modules may be
executed by the processor 1010 for measurement of the
social cost of the ridesharing service to transport the set of
passengers. The simulation module 1008 may be configured
to estimate a first delay in the traffic caused by the vehicle
traveling along the ridesharing path plan estimated by the
ridesharing service to transport the set of passengers. Fur-
ther, the simulation module 1008 may be configured to
simulate an individual transportation path plan for each of
the set of passengers between their corresponding pick-up
and destination locations to estimate a second delay in the
traffic caused by a combination of the individual transpor-
tation path plan of each of the set of passengers based on the
simulation. The social cost estimation module 1010 may be
configured to determine the social cost of the ridesharing
service based on a difference between the first delay and the
second delay.

[0108] The processor 1004 corresponds to the processor
150. The processor 1004 may be a single core processor, a
multi-core processor, a computing cluster, or any number of
other configurations. The memory 1006 may include ran-
dom access memory (RAM), read only memory (ROM),
flash memory, or any other suitable memory systems. The
processor 804 is connected through a bus 1012 to the input
interface 1002. These instructions implement a method 900
for measuring the social cost of a ridesharing service to
transport a set of passengers requesting transportation from
their corresponding pick-up to destination locations.
[0109] In some implementations, the system 1000 may
have different types and combination of input interfaces to
receive input data 1018 that may include the pickup and
destination locations, the traffic information and the ride-
sharing path plan from the ridesharing service system 102.
In one implementation, the input interface 1002 may include
a keyboard and/or pointing device, such as a mouse, track-
ball, touchpad, joy stick, pointing stick, stylus, or touch-
screen, among others.

[0110] Additionally, or alternatively, the network interface
controller 1014 may be adapted to connect the system 1000
through the bus 1012 to a network 1016. Through the
network 1016, the input data 1018 may be downloaded and
stored within the memory 1006 for storage and/or further
processing.

[0111] In addition to input interface 1002, the system 1000
may include one or multiple output interfaces to output the
determined social cost of the ridesharing. For example, the
system 1000 may be linked through the bus 1012 to the
output interface 1020 adapted to connect the system 1000 to
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an output device 1022, wherein the output device 1022 may
include a computer monitor, projector, a display device, a
screen, mobile device.

[0112] In this manner, the system 1000 measures the social
cost of ridesharing services. The social cost may be used for
limiting or allowing the ridesharing services and prevent
negative externalities to society. Additionally, or alterna-
tively, the limitation or allowance may be efficient for
improving or controlling traffic on roads.

[0113] The above-described embodiments of the present
disclosure may be implemented in any of numerous ways.
For example, the embodiments may be implemented using
hardware, software or a combination thereof. When imple-
mented in software, the software code may be executed on
any suitable processor or collection of processors, whether
provided in a single computer or distributed among multiple
computers. Such processors may be implemented as inte-
grated circuits, with one or more processors in an integrated
circuit component. Though, a processor may be imple-
mented using circuitry in any suitable format.

[0114] Also, the various methods or processes outlined
herein may be coded as software that is executable on one
or more processors that employ any one of a variety of
operating systems or platforms. Additionally, such software
may be written using any of a number of suitable program-
ming languages and/or programming or scripting tools, and
also may be compiled as executable machine language code
or intermediate code that is executed on a framework or
virtual machine. Typically, the functionality of the program
modules may be combined or distributed as desired in
various embodiments.

[0115] Also, the embodiments of the present disclosure
may be embodied as a method, of which an example has
been provided. The acts performed as part of the method
may be ordered in any suitable way. Accordingly, embodi-
ments may be constructed in which acts are performed in an
order different than illustrated, which may include perform-
ing some acts concurrently, even though shown as sequential
acts in illustrative embodiments. Therefore, it is the object of
the appended claims to cover all such variations and modi-
fications as come within the true spirit and scope of the
present disclosure.

1. A computer-implemented system for measuring a social
cost of a ridesharing service to transport a set of passengers
requesting transportation from their corresponding pick-up
to destination locations, the system is operatively connected
to a ridesharing service system and a traffic control system
over a communication channel to estimate the social cost by
executing a computer-implemented simulation of traffic
affected by the ridesharing service, wherein the communi-
cation channel includes one or a combination of a wired
communication channel, a wireless communication channel,
or both, the system comprising:

an input interface configured to accept using the commu-

nication channel each of:

the pickup and destination locations for the set of
passengers including at least two passengers with
different one or a combination of the pickup and
destination locations,

information about traffic in a region including the
accepted pickup and destination locations, wherein
the traffic is formed by movements of different
vehicles within the region, and
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a ridesharing path plan estimated by the ridesharing
service for a vehicle to transport the set of passengers
between their corresponding pick-up and destination
locations;

a processor configured to:

estimate a first delay in the traffic caused by the vehicle
traveling along the ridesharing path plan estimated
by the ridesharing service to transport the set of
passengers;

simulate, using the computer-implemented simulation
of the traffic, an individual transportation path plan
for each of the set of passengers between their
corresponding pick-up and destination locations to
estimate a second delay in the traffic caused by a
combination of the individual transportation path
plan of each of the set of passengers based on the
simulation; and

determine the social cost of the ridesharing service
based on a difference between the first delay and the
second delay; and

an output interface configured to output the social cost of

the ridesharing service using the communication chan-

nel.

2. The system of claim 1, wherein the processor is further
configured to estimate an individual path plan forming a
shortest route connecting their corresponding pick-up and
destination locations.

3. The system of claim 1, wherein the processor is further
configured to estimate an individual path plan forming a
fastest route connecting their corresponding pick-up and
destination locations.

4. The system of claim 1, wherein the processor is further
configured to determine a delay function for the individual
path plan of each of the set of passengers.

5. The system of claim 4, wherein the processor is further
configured to simulate a weighted distribution of the vehicle
of the individual transportation path plan of each of the set
of passengers.

6. The system of claim 1, wherein the processor is further
configured to:

receive multiple options for the ridesharing path plan for

servicing the passengers from the ridesharing service;

estimate the social cost of each of the multiple options,
upon receipt of the multiple options; and

send a request to the ridesharing service to select an

option from the multiple options corresponding to

lowest social cost.

7. The system of claim 1, wherein the processor is further
configured to send a request to the ridesharing service to
deny ridesharing requests having negative social costs.

8. The system of claim 7, wherein the processor is further
configured to:

issue credits in proportion to the social cost of the

ridesharing service when the social cost is negative;

issue debits in proportion to the social cost of the ride-
sharing service when the social cost is positive; and
assign the credits or the debits to the ridesharing service.

9. The system of claim 8, wherein the processor is further
configured to issue the credits or the debits using blockchain
technology.

10. The system of claim 9, wherein the blockchain tech-
nology corresponds to a distributed ledger blockchain.

11. The system of claim 1, wherein the processor is further
configured to determine credits for the ridesharing service
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for eliminating the second delay in the traffic and determine
debits for the ridesharing service for causing the first delay
in the traffic, such that the social cost defines a difference
between the credits and debits of the ridesharing service.

12. A method for measuring a social cost of a ridesharing
service to transport a set of passengers requesting transpor-
tation from their corresponding pickup to destination loca-
tions, the method uses a processor coupled with stored
instructions implementing the method, wherein the instruc-
tions, when executed by the processor carry out steps of the
method, comprising:

accepting, using a wired or wireless communication chan-

nel operatively connecting the processor to a rideshar-

ing service system and a traffic control system, each of:

the pickup and destination locations for the set of
passengers in the plurality of passengers including at
least two passengers with different one or a combi-
nation of the pickup and destination locations,

information about traffic in a region including the
accepted pickup and destination locations, wherein
the traffic is formed by movements of different
vehicles within the region, and

a ridesharing path plan estimated by the ridesharing
service for a vehicle to transport the set of passengers
between their corresponding pickup and destination
locations;

estimating a first delay in the traffic caused by the vehicle

traveling along the ridesharing path plan estimated by
the ridesharing service to transport the set of passen-
gers;

simulating, by executing a computer-implemented simu-

lation of traffic affected by the ridesharing service, an
individual transportation path plan for each of the set of
passengers between their corresponding pickup and
destination locations for estimating a second delay in
the traffic caused by a combination of individual trans-
portation path plans of the passengers;

determining the social cost of the ridesharing service

based on a difference between the first delay and the
second delay; and

outputting the social cost of the ridesharing service.

13. The method of claim 12, further comprising estimat-
ing the individual path plan of each of the set of passengers
forming a shortest route connecting their corresponding
pick-up and destination locations.

14. The method of claim 12, further comprising: estimat-
ing the individual path plan of each of the set of passengers
forming a fastest route connecting their corresponding
pickup and destination locations.

15. The method of claim 12, further comprising: deter-
mining a delay function for the individual path plan of each
of the set of passengers.

16. The method of claim 15, further comprising simulat-
ing a weighted distribution of the vehicles of the individual
transportation of each of the set of passengers.

17. The method of claim 12, further comprising:

receiving multiple options for the ridesharing path plan

for servicing the passengers from the ridesharing ser-
vice;

estimating the social cost of each of the multiple options,

upon receipt of the multiple options; and

sending a request to the ridesharing service to select an

option corresponding to lowest social cost.



US 2022/0083924 Al Mar. 17, 2022
12

18. The method of claim 12, further comprising sending
a request to the ridesharing service to deny ridesharing
requests having negative social costs.

19. The method of claim 12, further comprising:

determining credits for the ridesharing service for elimi-
nating the second delay in the traffic; and

determining debits for the ridesharing service for causing
the first delay in the traffic, such that the social cost
defines a difference between credits and debits of the
ridesharing service.

20. The method of claim 19, further comprising:

issuing the credits in proportion to the social cost of the
ridesharing service when the social cost is negative;

issuing the debits in proportion to the social cost of the
ridesharing service when the social cost is positive,

wherein the credits and debits are issued using a block-
chain technology, the blockchain technology corre-
sponds to a distributed ledger blockchain; and

assigning the credits or the debits to the ridesharing
service.



