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(57) ABSTRACT 

A route-determination module (RDM) is provided, with the 
RDM having as input one or more cognitive preferences of 
a traveler. Further, the RDM receives input on a current or 
a forecasted cognitive state of the traveler, along with the 
cognitive load associated with one or more potential routes 
for traveling to a destination. A recommended route is 
determined based on the preference(s), state, and/or cogni 
tive load. 
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COGNITIVE NEEDS-BASED TRIP 
PLANNING 

BACKGROUND 

0001. The present invention relates generally to the field 
of route planning, and more particularly to determining a 
recommended route. 
0002 Generally speaking, route planning refers to find 
ing one or more Suggested routes between an origin and a 
destination. Typically, the route is associated with driving 
directions for a motor vehicle. Additionally, routes are 
planned for walking, bicycling, or otherwise for traversing a 
ground or air path from one physical location to another. 
Route searches may be optimized on different criteria, for 
example, fastest, shortest, least changes, and cheapest. Fur 
ther, route searches may be constrained to leave or arrive at 
a certain time, to avoid certain waypoints, and so on. 
0003 Driving route planning is a very complex process 
involving, for example, time spent on a route, mileage 
driven on the route, alternative routes, fuel consumption, 
and pay toll costs. The most cost-effective route involving 
several nodes or stopovers may be computed by minimizing 
the distance traveled and/or time taken. 

SUMMARY 

0004. In one aspect of the present invention, a method for 
determining a trip route for a traveler is provided comprising 
receiving a set of cognitive preferences of the traveler, 
receiving a current or forecast cognitive state of the traveler, 
receiving a cognitive load associated with the trip route; and 
determining a desirable route; wherein the step of determin 
ing a desirable route is based on the set of cognitive 
preferences of the traveler, the current or forecast cognitive 
state of the traveler, and the cognitive load associated with 
the trip route. 
0005. In another aspect of the present invention, a com 
puter program product for determining a trip route for a 
traveler is provided comprising a computer readable storage 
medium having stored thereon, first program instructions 
programmed to receive a set of cognitive preferences of the 
traveler, second program instructions programmed to 
receive a current or forecast cognitive state of the traveler: 
third program instructions programmed to receive a cogni 
tive load associated with the trip route; and fourth program 
instructions to determine a desirable route; wherein the step 
of determining the desirable route is based on the set of 
cognitive preferences of the traveler, the current or forecast 
cognitive state of the traveler, and the cognitive load asso 
ciated with the trip route. 
0006. In yet another aspect of the present invention, a 
computer system for determining a trip route for a traveler 
is provided comprising, a processor(s) set; and a computer 
readable storage medium; wherein, the processor set is 
structured, located, connected, and/or programmed to run 
program instructions stored on the computer readable stor 
age medium; and the program instructions include, receiving 
a set of cognitive preferences of the traveler, receiving a 
current or forecast cognitive state of the traveler, receiving 
a cognitive load associated with the trip road; and determin 
ing a desirable route; wherein the step of determining a 
desirable route is based on the set of cognitive preferences 
of the traveler, the current or forecast cognitive state of the 
traveler, and the cognitive load associated with the trip route. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0007 FIG. 1 depicts a cloud computing node used in a 
first embodiment of a system according to the present 
invention; 
0008 FIG. 2 depicts an embodiment of a cloud comput 
ing environment (also called the “first embodiment system') 
according to the present invention; 
0009 FIG. 3 depicts abstraction model layers used in the 

first embodiment system; 
0010 FIG. 4 is a schematic view of a second embodiment 
of a system according to the present invention; 
0011 FIG. 5 is a flowchart showing a method performed, 
at least in part, by the second embodiment system; and 
0012 FIG. 6 is a schematic view of a machine logic (for 
example, software) portion of the second embodiment sys 
tem. 

DETAILED DESCRIPTION 

0013. A route-determination module (RDM) is provided, 
with the RDM having as input one or more cognitive 
preferences of a traveler. Further, the RDM receives input on 
a current or a forecasted cognitive state of the traveler, along 
with the cognitive load associated with one or more potential 
routes for traveling to a destination. A recommended route 
is determined based on the preference(s), state, and/or 
cognitive load. The present invention may be a system, a 
method, and/or a computer program product. The computer 
program product may include a computer readable storage 
medium (or media) having computer readable program 
instructions thereon for causing a processor to carry out 
aspects of the present invention. 
0014. The computer readable storage medium can be a 
tangible device that can retain and store instructions for use 
by an instruction execution device. The computer readable 
storage medium may be, for example, but is not limited to, 
an electronic storage device, a magnetic storage device, an 
optical storage device, an electromagnetic storage device, a 
semiconductor storage device, or any suitable combination 
of the foregoing. A non-exhaustive list of more specific 
examples of the computer readable storage medium includes 
the following, a portable computer diskette, a hard disk, a 
random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), a static random access memory 
(SRAM), a portable compact disc read-only memory (CD 
ROM), a digital versatile disk (DVD), a memory stick, a 
floppy disk, a mechanically encoded device such as punch 
cards or raised structures in a groove having instructions 
recorded thereon, and any suitable combination of the fore 
going. A computer readable storage medium, as used herein, 
is not to be construed as being transitory signals perse. Such 
as radio waves or other freely propagating electromagnetic 
waves, electromagnetic waves propagating through a wave 
guide or other transmission media (e.g., light pulses passing 
through a fiber-optic cable), or electrical signals transmitted 
through a wire. 
0015 Computer readable program instructions described 
herein can be downloaded to respective computing/process 
ing devices from a computer readable storage medium, or to 
an external computer or external storage device via a net 
work, for example, the Internet, a local area network, a wide 
area network, and/or a wireless network. The network may 
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comprise copper transmission cables, optical transmission 
fibers, wireless transmission, routers, firewalls, Switches, 
gateway computers, and/or edge servers. A network adapter 
card or network interface in each computing/processing 
device receives computer readable program instructions 
from the network, and forwards the computer readable 
program instructions for storage in a computer readable 
storage medium within the respective computing/processing 
device. 

0016 Computer readable program instructions for carry 
ing out operations of the present invention may be assembler 
instructions, instruction-set-architecture (ISA) instructions, 
machine instructions, machine dependent instructions, 
microcode, firmware instructions, state-setting data, or 
either source code or object code written in any combination 
of one or more programming languages, including an object 
oriented programming language Such as Smalltalk, C++ or 
the like, and conventional procedural programming lan 
guages, such as the “C” programming language or similar 
programming languages. The computer readable program 
instructions may execute entirely on the user's computer, 
partly on the user's computer, as a stand-alone software 
package, partly on the user's computer and partly on a 
remote computer, or entirely on the remote computer or 
server. In the latter scenario, the remote computer may be 
connected to the user's computer through any type of 
network, including a local area network (LAN) or a wide 
area network (WAN), or the connection may be made to an 
external computer (for example, through the Internet using 
an Internet Service Provider). In some embodiments, elec 
tronic circuitry including, for example, programmable logic 
circuitry, field-programmable gate arrays (FPGA), or pro 
grammable logic arrays (PLA) may execute the computer 
readable program instructions by utilizing state information 
of the computer readable program instructions to personalize 
the electronic circuitry, in order to perform aspects of the 
present invention. 
0017 Aspects of the present invention are described 
herein with reference to flowchart illustrations and/or block 
diagrams of methods, apparatus (systems), and computer 
program products according to embodiments of the inven 
tion. It will be understood that each block of the flowchart 
illustrations and/or block diagrams, and combinations of 
blocks in the flowchart illustrations and/or block diagrams, 
can be implemented by computer readable program instruc 
tions. 

0018. These computer readable program instructions may 
be provided to a processor of a general purpose computer, 
special purpose computer, or other programmable data pro 
cessing apparatus to produce a machine, Such that the 
instructions, which execute via the processor of the com 
puter or other programmable data processing apparatus, 
create means for implementing the functions/acts specified 
in the flowchart and/or block diagram block or blocks. These 
computer readable program instructions may also be stored 
in a computer readable storage medium that can direct a 
computer, a programmable data processing apparatus, and/ 
or other devices to function in a particular manner, Such that 
the computer readable storage medium having instructions 
stored therein comprises an article of manufacture, including 
instructions which implement aspects of the function/act 
specified in the flowchart and/or block diagram block or 
blocks. 
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0019. The computer readable program instructions may 
also be loaded onto a computer, other programmable data 
processing apparatus, or other device to cause a series of 
operational steps to be performed on the computer, other 
programmable apparatus, or other device to produce a 
computer implemented process. Such that the instructions 
which execute on the computer, other programmable appa 
ratus, or other device implement the functions/acts specified 
in the flowchart and/or block diagram block or blocks. 
0020. The flowchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of 
possible implementations of systems, methods, and com 
puter program products according to various embodiments 
of the present invention. In this regard, each block in the 
flowchart or block diagrams may represent a module, seg 
ment, or portion of instructions, which comprises one or 
more executable instructions for implementing the specified 
logical function(s). In some alternative implementations, the 
functions noted in the block may occur out of the order noted 
in the Figures. For example, two blocks shown in Succession 
may, in fact, be executed Substantially concurrently, or the 
blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved. It will also be 
noted that each block of the block diagrams and/or flowchart 
illustration, and combinations of blocks in the block dia 
grams and/or flowchart illustration, can be implemented by 
special purpose hardware-based systems that perform the 
specified functions, or acts, or carry out combinations of 
special purpose hardware and computer instructions. 
0021. It is understood in advance that although this 
disclosure includes a detailed description on cloud comput 
ing, implementation of the teachings recited herein are not 
limited to a cloud computing environment. Rather, embodi 
ments of the present invention are capable of being imple 
mented in conjunction with any other type of computing 
environment now known or later developed. 
0022. Cloud computing is a model of service delivery for 
enabling convenient, on-demand network access to a shared 
pool of configurable computing resources (e.g. networks, 
network bandwidth, servers, processing, memory, storage, 
applications, virtual machines, and services) that can be 
rapidly provisioned and released with minimal management 
effort or interaction with a provider of the service. This cloud 
model may include at least five characteristics, at least three 
service models, and at least four deployment models. 
0023 
0024 On-demand self-service, a cloud consumer can 
unilaterally provision computing capabilities, such as server 
time and network storage, as needed automatically without 
requiring human interaction with the service's provider. 
0025 Broad network access, capabilities are available 
over a network and accessed through standard mechanisms 
that promote use by heterogeneous thin or thick client 
platforms (e.g., mobile phones, laptops, and PDAs). 
0026 Resource pooling, the provider's computing 
resources are pooled to serve multiple consumers using a 
multi-tenant model, with different physical and virtual 
resources dynamically assigned and reassigned according to 
demand. There is a sense of location independence in that 
the consumer generally has no control or knowledge over 
the exact location of the provided resources but may be able 
to specify location at a higher level of abstraction (e.g., 
country, state, or datacenter). 

Characteristics are as follows: 
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0027 Rapid elasticity, capabilities can be rapidly and 
elastically provisioned, in Some cases automatically, to 
quickly scale out and rapidly released to quickly scale in. To 
the consumer, the capabilities available for provisioning 
often appear to be unlimited and can be purchased in any 
quantity at any time. 
0028. Measured service, cloud systems automatically 
control and optimize resource use by leveraging a metering 
capability at Some level of abstraction appropriate to the 
type of Service (e.g., storage, processing, bandwidth, and 
active user accounts). Resource usage can be monitored, 
controlled, and reported providing transparency for both the 
provider and consumer of the utilized service. 
0029 Service Models are as follows: 
0030 Software as a Service (SaaS), the capability pro 
vided to the consumer is to use the providers applications 
running on a cloud infrastructure. The applications are 
accessible from various client devices through a thin client 
interface such as a web browser (e.g., web-based email). The 
consumer does not manage or control the underlying cloud 
infrastructure including network, servers, operating systems, 
storage, or even individual application capabilities, with the 
possible exception of limited user-specific application con 
figuration settings. 
0031 Platform as a Service (PaaS), the capability pro 
vided to the consumer is to deploy onto the cloud infra 
structure consumer-created or acquired applications created 
using programming languages and tools Supported by the 
provider. The consumer does not manage or control the 
underlying cloud infrastructure including networks, servers, 
operating systems, or storage, but has control over the 
deployed applications and possibly application hosting envi 
ronment configurations. 
0032) Infrastructure as a Service (IaaS), the capability 
provided to the consumer is to provision processing, storage, 
networks, and other fundamental computing resources 
where the consumer is able to deploy and run arbitrary 
Software, which can include operating systems and applica 
tions. The consumer does not manage or control the under 
lying cloud infrastructure but has control over operating 
systems, storage, deployed applications, and possibly lim 
ited control of select networking components (e.g., host 
firewalls). 
0033. Deployment Models are as follows: 
0034 Private cloud, the cloud infrastructure is operated 
solely for an organization. It may be managed by the 
organization or a third party and may exist on-premises or 
off-premises. 
0035 Community cloud, the cloud infrastructure is 
shared by several organizations and Supports a specific 
community that has shared concerns (e.g., mission, security 
requirements, policy, and compliance considerations). It 
may be managed by the organizations or a third party and 
may exist on-premises or off-premises. 
0.036 Public cloud, the cloud infrastructure is made 
available to the general public or a large industry group and 
is owned by an organization selling cloud services. 
0037 Hybrid cloud, the cloud infrastructure is a compo 
sition of two or more clouds (private, community, or public) 
that remain unique entities but are bound together by stan 
dardized or proprietary technology that enables data and 
application portability (e.g., cloud bursting for load-balanc 
ing between clouds). 
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0038 A cloud computing environment is service oriented 
with a focus on statelessness, low coupling, modularity, and 
semantic interoperability. At the heart of cloud computing is 
an infrastructure comprising a network of interconnected 
nodes. 
0039 Referring now to FIG. 1, a schematic of an 
example of a cloud computing node is shown. Cloud com 
puting node 10 is only one example of a suitable cloud 
computing node and is not intended to suggest any limitation 
as to the scope of use or functionality of embodiments of the 
invention described herein. Regardless, cloud computing 
node 10 is capable of being implemented and/or performing 
any of the functionality set forth hereinabove. 
0040. In cloud computing node 10 there is a computer 
system/server 12, which is operational with numerous other 
general purpose or special purpose computing system envi 
ronments or configurations. Examples of well-known com 
puting systems, environments, and/or configurations that 
may be suitable for use with computer system/server 12 
include, but are not limited to, personal computer systems, 
server computer systems, thin clients, thick clients, handheld 
or laptop devices, multiprocessor Systems, microprocessor 
based systems, set top boxes, programmable consumer elec 
tronics, network PCs, minicomputer systems, mainframe 
computer systems, and distributed cloud computing envi 
ronments that include any of the above systems or devices, 
and the like. 
0041 Computer system/server 12 may be described in 
the general context of computer system executable instruc 
tions, such as program modules, being executed by a com 
puter system. Generally, program modules may include 
routines, programs, objects, components, logic, data struc 
tures, and so on that perform particular tasks or implement 
particular abstract data types. Computer system/server 12 
may be practiced in distributed cloud computing environ 
ments where tasks are performed by remote processing 
devices that are linked through a communications network. 
In a distributed cloud computing environment, program 
modules may be located in both local and remote computer 
system storage media including memory storage devices. 
0042. As shown in FIG. 1, computer system/server 12 in 
cloud computing node 10 is shown in the form of a general 
purpose computing device. The components of computer 
system/server 12 may include, but are not limited to, one or 
more processors or processing units 16, a system memory 
28, and a bus 18 that couples various system components 
including system memory 28 to processor 16. 
0043 Bus 18 represents one or more of any of several 
types of bus structures, including a memory bus or memory 
controller, a peripheral bus, an accelerated graphics port, and 
a processor or local bus using any of a variety of bus 
architectures. By way of example, and not limitation, Such 
architectures include Industry Standard Architecture (ISA) 
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus. 
0044 Computer system/server 12 typically includes a 
variety of computer system readable media. Such media 
may be any available media that is accessible by computer 
system/server 12, and it includes both volatile and non 
Volatile media, removable and non-removable media. 
0045 System memory 28 can include computer system 
readable media in the form of volatile memory, such as 
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random access memory (RAM)30 and/or cache memory 32. 
Computer system/server 12 may further include other 
removable/non-removable, volatile/non-volatile computer 
system storage media. By way of example only, storage 
system 34 can be provided for reading from and writing to 
a non-removable, non-volatile magnetic media (not shown 
and typically called a “hard drive”). Although not shown, a 
magnetic disk drive for reading from and writing to a 
removable, non-volatile magnetic disk (e.g., a "floppy 
disk”), and an optical disk drive for reading from or writing 
to a removable, non-volatile optical disk such as a CD 
ROM, DVD-ROM or other optical media can be provided. 
In Such instances, each can be connected to bus 18 by one 
or more data media interfaces. As will be further depicted 
and described below, memory 28 may include at least one 
program product having a set (e.g., at least one) of program 
modules that are configured to carry out the functions of 
embodiments of the invention. 

0046 Program/utility 40, having a set (at least one) of 
program modules 42, may be stored in memory 28 by way 
of example, and not limitation, as well as an operating 
system, one or more application programs, other program 
modules, and program data. Each of the operating system, 
one or more application programs, other program modules, 
and program data or some combination thereof, may include 
an implementation of a networking environment. Program 
modules 42 generally carry out the functions and/or meth 
odologies of embodiments of the invention as described 
herein. 

0047 Computer system/server 12 may also communicate 
with one or more external devices 14 Such as a keyboard, a 
pointing device, a display 24, etc.; one or more devices that 
enable a user to interact with computer system/server 12; 
and/or any devices (e.g., network card, modem, etc.) that 
enable computer system/server 12 to communicate with one 
or more other computing devices. Such communication can 
occur via Input/Output (I/O) interfaces 22. Still yet, com 
puter system/server 12 can communicate with one or more 
networks such as a local area network (LAN), a general wide 
area network (WAN), and/or a public network (e.g., the 
Internet) via network adapter 20. As depicted, network 
adapter 20 communicates with the other components of 
computer system/server 12 via bus 18. It should be under 
stood that although not shown, other hardware and/or soft 
ware components could be used in conjunction with com 
puter system/server 12. Examples include, but are not 
limited to, microcode, device drivers, redundant processing 
units, external disk drive arrays, RAID Systems, tape drives, 
and data archival storage systems, etc. 
0048 Referring now to FIG. 2, illustrative cloud com 
puting environment 50 is depicted. As shown, cloud com 
puting environment 50 comprises one or more cloud com 
puting nodes 10 with which local computing devices used by 
cloud consumers, such as, for example, personal digital 
assistant (PDA) or cellular telephone 54A, desktop com 
puter 54B, laptop computer 54C, and/or automobile com 
puter system 54N may communicate. Nodes 10 may com 
municate with one another. They may be grouped (not 
shown) physically or virtually, in one or more networks, 
such as Private, Community, Public, or Hybrid clouds as 
described hereinabove, or a combination thereof. This 
allows cloud computing environment 50 to offer infrastruc 
ture, platforms and/or software as services for which a cloud 
consumer does not need to maintain resources on a local 
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computing device. It is understood that the types of com 
puting devices 54A-N shown in FIG. 2 are intended to be 
illustrative only and that computing nodes 10 and cloud 
computing environment 50 can communicate with any type 
of computerized device over any type of network and/or 
network addressable connection (e.g., using a web browser). 
0049 Referring now to FIG. 3, a set of functional 
abstraction layers provided by cloud computing environ 
ment 50 (FIG. 2) is shown. It should be understood in 
advance that the components, layers, and functions shown in 
FIG. 3 are intended to be illustrative only and embodiments 
of the invention are not limited thereto. As depicted, the 
following layers and corresponding functions are provided: 
0050 Hardware and software layer 60 includes hardware 
and Software components. Examples of hardware compo 
nents include mainframes: RISC (Reduced Instruction Set 
Computer) architecture based servers; storage devices; net 
works and networking components. In some embodiments 
Software components include network application server 
software. 
0051 Virtualization layer 62 provides an abstraction 
layer from which the following examples of virtual entities 
may be provided, virtual servers; virtual storage; virtual 
networks, including virtual private networks; virtual appli 
cations and operating systems; and virtual clients. 
0052. In one example, management layer 64 may provide 
the functions described below. Resource provisioning pro 
vides dynamic procurement of computing resources and 
other resources that are utilized to perform tasks within the 
cloud computing environment. Metering and Pricing pro 
vide cost tracking as resources are utilized within the cloud 
computing environment, and billing or invoicing for con 
Sumption of these resources. In one example, these resources 
may comprise application Software licenses. Security pro 
vides identity verification for cloud consumers and tasks, as 
well as protection for data and other resources. User portal 
provides access to the cloud computing environment for 
consumers and system administrators. Service level man 
agement provides cloud computing resource allocation and 
management such that required service levels are met. 
Service Level Agreement (SLA) planning and fulfillment 
provide pre-arrangement for, and procurement of cloud 
computing resources for which a future requirement is 
anticipated in accordance with an SLA. 
0053 Workloads layer 66 provides examples of function 
ality for which the cloud computing environment may be 
utilized. Examples of workloads and functions which may 
be provided from this layer include, mapping and naviga 
tion; Software development and lifecycle management; Vir 
tual classroom education delivery; data analytics processing: 
transaction processing; and functionality according to the 
present invention (see function block 66a). 
0054 The programs described herein are identified based 
upon the application for which they are implemented in a 
specific embodiment of the invention. However, it should be 
appreciated that any particular program nomenclature herein 
is used merely for convenience, and thus the invention 
should not be limited to use solely in any specific application 
identified and/or implied by such nomenclature. 
0055. The descriptions of the various embodiments of the 
present invention have been presented for purposes of 
illustration, but are not intended to be exhaustive or limited 
to the embodiments disclosed. Many modifications and 
variations will be apparent to those of ordinary skill in the 



US 2017/0O897 12 A1 

art without departing from the scope and spirit of the 
described embodiments. The terminology used herein was 
chosen to best explain the principles of the embodiments, the 
practical application or technical improvement over tech 
nologies found in the marketplace, or to enable others of 
ordinary skill in the art to understand the embodiments 
disclosed herein. 
0056. Some embodiments of the present invention will 
now be described in detail with reference to the Figures. 
FIG. 4 is a functional block diagram illustrating various 
portions of networked computers system 400, in accordance 
with one embodiment of the present invention, including: 
route planning Sub-system 402; drivers/passengers 404, 406, 
408, 410, 412; driver/passenger data 409; global positioning 
system (GPS) device 411; communication network 414; 
route planning computer 416; communication unit 418; 
processor set 420; input/output (I/O) interface set 422; 
memory device 424; persistent storage device 426; display 
device 428; external device set 430; random access memory 
(RAM) devices 432; cache memory device 434; route plan 
ning program 600; and cognitive load database 602. 
0057 Sub-system 402 is, in many respects, representa 
tive of the various computer Sub-system(s) in the present 
invention. Accordingly, several portions of Sub-system 402 
will now be discussed in the following paragraphs. 
0058 Sub-system 402 may be a laptop computer, tablet 
computer, netbook computer, personal computer (PC), a 
desktop computer, a personal digital assistant (PDA), a 
Smart phone, or any programmable electronic device 
capable of communicating with the client Sub-systems via 
network 414. Program 600 is a collection of machine 
readable instructions and/or data that is used to create, 
manage, and control certain software functions that will be 
discussed in detail below. 
0059 Sub-system 402 is capable of communicating with 
other computer sub-systems via network 414. Network 414 
can be, for example, a local area network (LAN), a wide area 
network (WAN) such as the Internet, or a combination of the 
two, and can include wired, wireless, or fiber optic connec 
tions. In general, network 414 can be any combination of 
connections and protocols that will Support communications 
between server and client sub-systems. 
0060 Sub-system 402 is shown as a block diagram with 
many double arrows. These double arrows (no separate 
reference numerals) represent a communications fabric, 
which provides communications between various compo 
nents of sub-system 402. This communications fabric can be 
implemented with any architecture designed for passing data 
and/or control information between processors (such as 
microprocessors, communications and network processors, 
etc.), system memory, peripheral devices, and any other 
hardware component within a system. For example, the 
communications fabric can be implemented, at least in part, 
with one or more buses. 
0061 Memory 424 and persistent storage 426 are com 
puter readable storage media. In general, memory 424 can 
include any Suitable volatile or non-volatile computer read 
able storage media. It is further noted that, now and/or in the 
near future, (i) external device(s) 430 may be able to supply, 
some or all, memory for sub-system 402; and/or (ii) devices 
external to sub-system 402 may be able to provide memory 
for sub-system 402. 
0062 Program 600 is stored in persistent storage 426 for 
access and/or execution by one or more of the respective 
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computer processors 204, usually through one or more 
memories of memory 424. Persistent storage 426: (i) is at 
least more persistent than a signal in transit; (ii) stores the 
program (including its soft logic and/or data), on a tangible 
medium (such as magnetic or optical domains); and (iii) is 
Substantially less persistent than permanent storage. Alter 
natively, data storage may be more persistent and/or perma 
nent than the type of storage provided by persistent storage 
426. 

0063 Program 600 may include both machine readable 
and performable instructions, and/or substantive data (that 
is, the type of data stored in a database). In this particular 
embodiment, persistent storage 426 includes a magnetic 
hard disk drive. To name some possible variations, persistent 
storage 426 may include a solid state hard drive, a semi 
conductor storage device, read-only memory (ROM), eras 
able programmable read-only memory (EPROM), flash 
memory, or any other computer readable storage media that 
is capable of storing program instructions or digital infor 
mation. 
0064. The media used by persistent storage 426 may also 
be removable. For example, a removable hard drive may be 
used for persistent storage 426. Other examples include 
optical and magnetic disks, thumb drives, and Smart cards 
that are inserted into a drive for transfer onto another 
computer readable storage medium that is also part of 
persistent storage 426. 
0065 Communications unit 418, in these examples, pro 
vides for communications with other data processing sys 
tems or devices external to sub-system 402. In these 
examples, communications unit 418 includes one or more 
network interface cards. Communications unit 418 may 
provide communications through the use of either, or both, 
physical and wireless communications links. Any software 
modules discussed herein may be downloaded to a persistent 
storage device (Such as persistent storage device 426) 
through a communications unit (Such as communications 
unit 418). 
0.066 I/O interface set 422 allows for input and output of 
data with other devices that may be connected locally in data 
communication with computer 416. For example, I/O inter 
face set 422 provides a connection to external device set 
430. External device set 430 will typically include devices 
Such as a keyboard, keypad, a touch screen, and/or some 
other suitable input device. External device set 430 can also 
include portable computer readable storage media Such as, 
for example, thumb drives, portable optical or magnetic 
disks, and memory cards. Software and data used to practice 
embodiments of the present invention, for example, program 
600, can be stored on such portable computer readable 
storage media. In these embodiments the relevant software 
may (or may not) be loaded, in whole or in part, onto 
persistent storage device 426 via I/O interface set 422. I/O 
interface set 422 also connects in data communication with 
display device 428. 
0067. Display device 428 provides a mechanism to dis 
play data to a user and may be, for example, a computer 
monitor or a Smart phone display Screen. 
0068 Route planning program 600 operates to determine 
a desirable driving route for a driver/passenger by consid 
ering one or more cognitive preferences of the driver/ 
passenger (e.g., desire for easy or hard route), the current or 
forecast cognitive state of the driver/passenger, along with 
the cognitive load associated with one or more routes. 
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Specifically, in Some embodiments of the present invention, 
the cognitive-state information regarding the driver/passen 
ger (e.g., recent sleep cycle, and Screaming kids in car) is 
automatically supplied to define a route with an appropriate 
cognitive load. Program 600 may run on a computer server 
(e.g., route planning computer 416 in FIG. 4), and driver/ 
passengers 404, 406, 408, 410 and 412 in FIG. 4 may use a 
computing device, for example a Smartphone, to access 
program 600 through network 414. 
0069. Some embodiments of the present invention rec 
ognize the following facts, potential problems and/or poten 
tial areas for improvement with respect to the current state 
of the art: (i) conventionally the route planning in navigation 
tools, such as global positioning system, are based on a 
driver/passenger's desire to arrive at destination without 
getting lost in a timely manner while avoiding traffic; (ii) 
further, conventional route planning may consider passing 
certain way points where commerce or recreation may be 
conducted; (iii) there is a real need of a route planning 
method not only for elderly driver/passengers but for ordi 
nary driver/passengers who prefer a route with low cognitive 
load, even if the trip is longer, for example when a cognitive 
state is somewhat impaired by lack of sleep or other factors; 
and/or (iv) the conventional route planning simply deter 
mines or estimates the cognitive load of a route. 
0070 A method for specifying a driving route is provided 
that is determined based on a driver/passengers cognitive 
preferences, the driver/passenger's cognitive state, and the 
driver/passenger's cognitive load associated with the driving 
route. The cognitive-state information regarding the driver/ 
passenger is automatically Supplied to plan a route with an 
appropriate cognitive load. The cognitive load refers to the 
amount of mental resources/effort that is required in the 
working memory. The working memory is the part of our 
brain that consciously processes information. Further, a 
multidimensional vector of cognitive states of the driver/ 
passenger and other driver/passengers are defined, along 
with the notion of planning routes to encourage transitions 
in a driver/passenger's cognitive state from one state to 
another more-desirable state. 

0071. In some embodiments of the present invention, the 
cognitive-state information regarding a vehicle driver/pas 
senger (e.g., recent sleep cycle, and disruptive passengers in 
the vehicle) is automatically fed into a route recommenda 
tion engine to plan a trip route with an appropriate level of 
cognitive load, for example, through a video camera cap 
turing the facial expression of the driver/passenger. Further, 
some embodiments of the present invention are directed to 
a multidimensional vector of cognitive states of the driver/ 
passenger and other driver/passengers. Still further, some 
embodiments of the present invention are directed to plan 
ning trip routes to encourage a transition in the cognitive 
state of a user from one state to another more-desirable state. 

0072 Referring now to FIG. 5 shows flowchart 500 
depicting a first method according to the present invention. 
FIG. 6 shows program 600 for performing at least some of 
the method steps of flowchart 500. 
0073 Processing begins at step 555, where cognitive 
preference module “mod’ 605 receives a set of cognitive 
preferences of a traveler. In this example, driver/passenger 
410 inputs preference(s) via a user interface of GPS device 
411, which is stored in driver/passenger data store 409, and 
the preference mod receives the preferences from the driver/ 
passenger data store. Alternatively, user preferences are 
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prompted for by preference mod 605. The set of cognitive 
preferences of the driver/passenger are any of an indication 
of a driver/passenger's stated desire to have a low-cognitive 
load (even if the trip takes a little longer), for example, 
desire for easy or hard routes. 
0074 Processing proceeds to step 560, where cognitive 
state module 610 receives a current cognitive state, or a 
forecasted cognitive state, of the traveler. In this example, 
the cognitive state of the driver/passenger is based on factors 
input by driver/passenger 410 including sleep history and 
the time of day. A cognitive state may be impaired by lack 
of sleep or other sleep related deficiencies. Alternatively, the 
cognitive state mod detects a cognitive state of the driver/ 
passenger via sensors (not shown) or data analytics using 
recorded State data Supporting cognitive state determination. 
Cognitive state factors that may be used in determining or 
predicting a traveler's cognitive state include: (i) sleep 
history; (ii) assessment of occupants in vehicle (e.g., number 
of occupants, children, spouse); (iii) assessment of who is 
driving; (iv) real-time assessment that considers clenching 
of steering wheel, (v) noise level in vehicle (e.g., passenger 
noise, music playing); (vi) mental condition of traveler; (vii) 
traveler experience using the means of transportation; (viii) 
use of medications by the traveler; (ix) use of medications by 
the passenger(s) in the vehicle; and/or (X) a multidimen 
sional vector of cognitive states of the traveler and/or other 
travelers. 

0075 Processing proceeds to step 565, where cognitive 
load module 615 determines a cognitive load associated with 
each of a set of candidate routes. In this example, the load 
mod evaluates the cognitive load for each potential routes to 
a selected destination to identify a target route having an 
appropriate cognitive load. Here, driver/passenger 410 has 
slept only a few hours over the past three days and it is 10 
pm at night, so the appropriate cognitive load for a potential 
route should have a low, or perhaps, the least cognitive load 
among the potential routes. The cognitive load of a potential 
route may be based on: (i) traffic volume; (ii) traffic patterns; 
(iii) complex intersections; (iv) required fast decisions; 
and/or (V) aggressive driver/passengers. Further, the cogni 
tive load of a potential route may be based on the needs for 
crossing multiple lanes of traffic to reach an exit lane. 
Additionally, the cognitive load may be based on the 
mechanical/electrical state of the vehicle being used to 
traverse the route (e.g., some vehicles exhibit malfunction 
ing performance that increases the cognitive load required to 
travel routes, and for a walking route, certain travelers may 
have degrees of injuries that inhibit climbing hills, etc.). 
Further, the cognitive load may be based on: (i) the occur 
rence of complex highway interchanges; (ii) roads with 
traffic circles; (iii) routes with multiple turn requirements: 
and/or (iv) areas lacking parking. Herein, the term "lacking 
may refer to the fact that it may be difficult to find parking 
along a particular route (e.g., for taking a break) and/or 
along a street near the destination, and this difficulty may be 
stressful for some driver/passengers. Even for the same 
destination (e.g., an office building on the corner of two 
streets), a first street may be less stressful than a second 
street near the destination since the first street may have 
parking or a higher likelihood of free parking spaces. 
Various methods may exist for determining the number and 
nature of parking spots. 
0076 Processing ends at step 570, where route determi 
nation module 620 determines a recommended route from 
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the set of candidate routes for the traveler. In this example, 
a desirable route is recommended for driver/passenger 410 
based on the set of cognitive preferences input by the 
driver/passenger, the current cognitive state of the driver/ 
passenger, and the cognitive load evaluated for each of the 
set of candidate routes. Alternatively, as described above, a 
trip route is determined according to the selected destination 
and with regard to a traveler-specific cognitive state and the 
cognitive load assigned to potential routes. 
0077. In some embodiments of the present invention, a 
route planning mechanism is provided by which a route 
planner is tailored to an individual. The planning mechanism 
has access to a state transition model of a driver/passenger/ 
user's cognitive and emotional states, and is programmable 
by a user to plan a route in order to transition a user's 
cognitive or emotional State from one state to another. For 
example, a user may be feeling agitated upon leaving the 
house in the morning and may program a route planning 
device (e.g., a global positioning system device) according 
to some embodiments of the present invention with, for 
example the following parameters: (i) geographical destina 
tion: work; (ii) cognitive/emotional destination: greater 
calm; and/or (iii) time constraint: 1 hour. The user may 
choose these parameters based on having to arrive at work 
in time for a morning meeting and a desire to be calmer upon 
arrival in order to be more effective. Further, the route 
planning device has access to previous driving behavior, 
routes taken, and cognitive assessments made by the user's 
various cognitive modeling capabilities in order to plan the 
route that is most effective at meeting the transit time 
constraint, given current road, weather, and traffic condi 
tions, while providing the user an experience consistent with 
moving the user into a calmer state. 
0078. Further, some embodiments of the present inven 
tion may plan a trip route according to group cognitive 
states, such as in planning a route conducive to greater 
communication, light heartedness, and/or more effective 
business conditions (e.g., sales or marketing). The route 
planning device may model each user, and the group as a 
whole, in the context of current road, weather, and traffic 
conditions (in the case of a motor vehicle), in order to plan 
a recommended route that best takes the group to the desired 
cognitive/emotional state, Subject to the geographical and/or 
time constraints of the planned route. 
0079. Some embodiments of the present invention may 
include one, or more, of the following features, character 
istics and/or advantages: (i) the cognitive state of a user may 
be an input to the route planning, Such that a user may 
specify other requirements for a route including low stress, 
cognitively stimulating, conducive to thought and delibera 
tion; (ii) the method provided in the present invention is not 
only for elderly driver/passengers, but for any driver/pas 
senger who prefers a route with a targeted cognitive load 
regardless of trip route length (such as a low cognitive load, 
for example, when a cognitive state is somewhat impaired 
by lack of sleep or other factors); (iii) routes may be planned 
with a goal to transition a user's cognitive state from one 
state to another more desired state; and/or (iv) the cognitive 
state of the driver/passenger may be based on predicting 
cognitive performance of an individual based on factors 
including sleep. 
0080. Some helpful definitions follow: 
0081 Present invention: should not be taken as an abso 
lute indication that the subject matter described by the term 
“present invention' is covered by either the claims as they 
are filed, or by the claims that may eventually issue after 
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patent prosecution; while the term “present invention' is 
used to help the reader to get a general feel for which 
disclosures herein that are believed as maybe being new, this 
understanding, as indicated by use of the term "present 
invention,” is tentative and provisional and Subject to 
change over the course of patent prosecution as relevant 
information is developed and as the claims are potentially 
amended. 
I0082 Embodiment: see definition of “present invention' 
above similar cautions apply to the term "embodiment.” 
I0083) and/or: inclusive or; for example, A, B and/or C 
means that at least one of A or B or C is true and applicable. 
I0084. User: includes, but is not necessarily limited to, the 
following: (i) a single individual human; (ii) an artificial 
intelligence entity with Sufficient intelligence to act as a user 
or Subscriber, and/or (iii) a group of related users or Sub 
scribers. 
I0085 Computer: any device with significant data pro 
cessing and/or machine readable instruction reading capa 
bilities including, but not limited to: desktop computers, 
mainframe computers, laptop computers, field-program 
mable gate array (FPGA) based devices, smart phones, 
personal digital assistants (PDAs), body-mounted or 
inserted computers, embedded device style computers, 
application-specific integrated circuit (ASIC) based devices. 
What is claimed is: 
1. A computer program product comprising a computer 

readable storage medium having stored thereon: 
first program instructions programmed to receive a 

request from a driver for a recommended trip route to 
drive a vehicle from a start location to a destination 
location; 

second program instructions programmed to receive a set 
of cognitive preferences of a driver from a GPS device 
including a target cognitive state for the driver, 

third program instructions programmed to receive a cur 
rent cognitive state of the driver, the current cognitive 
state being based at least in part on a sleep record of the 
driver for a period ending at the time the current 
cognitive state is received; 

fourth program instructions programmed to identify a set 
of trip routes from the start location to the destination 
location; 

fifth program instructions programmed to define a state 
transition model of cognitive states for the driver, the 
state transition model being programmable by the 
driver for determining the recommended trip route 
from the set of trip routes based on a cognitive state 
transition from the current cognitive state to the target 
cognitive state; 

sixth program instructions programmed to receive a set of 
cognitive loads respectively corresponding to the set of 
trip routes, the set of cognitive loads being based at 
least in part on a number of complex intersections and 
a record of aggressive drivers for each trip route of the 
set of trip routes; and 

seventh program instructions programmed to determine 
the recommended trip route from the set of trip routes 
based at least in part on the set of cognitive preferences 
of the driver, the current cognitive state of the driver, 
and the cognitive loads of the set of cognitive loads 
respectively corresponding to the set of trip routes. 
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