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ABSTRACT
As personal information ventures out with users from the
desktop into the wild, researchers in personal information
management are confronted with many new issues, and an
amplification of the effects of existing issues. In this paper,
we take a detailed look at the mobile context and how it dif-
fers from the stationary context, specifically in relation to
PIM. Other changes in PIM, as information moves beyond
the personal and into the social are also interesting to the
PIM researcher. Based in part on comments made by par-
ticipants of a study we conducted, and from our own expe-
rience in designing PIM for multiple devices and other sce-
narios, we highlight a few specific instances where existing
PIM research falls short of addressing the issues, and pose
a few open questions for the PIM community to consider as
we move beyond the disappearing desktop.
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INTRODUCTION
Humankind has been managing personal information of var-
ious types since before computers arrived on the horizon;
e.g. office files, documents, charts, etc. The first revolu-
tion in information management was the advent of comput-
ers: it not only brought forth more information, but also
newer types of information (new collections). Word pro-
cessor documents, spreadsheets, calendar events, etc. were
among them. The second major revolution was brought about
by the rising popularity of computer networks, and specif-
ically, the Internet. This unleashed a torrent of informa-
tion, making the user drink from the proverbial firehose.
Email, Web bookmarks, digital music libraries, and other
information collections burgeoned as more and more users
connected to the Internet. Today, we are witnessing a sim-
ilar boom in personal information as we embrace the third
wave of technological innovation: the arrival of mobile in-
formation devices.

Technology is fading into the background and slowly dis-
appearing [22]. As in the previous two technological rev-
olutions, these devices bring with them the need to include

newer information collections into the boundary of our per-
sonal information store. In addition, many users have begun
to use multiple devices to manage their already-existing in-
formation, a trend that raises novel issues that were never
encountered in a single device paradigm.

In this paper, we review some of the unique aspects of the
mobile context that make it fundamentally different when it
comes to managing personal information. We also look at
some of the existing problems in PIM that are further com-
plicated when multiple portable information devices are in
use. We present some of the issues we are likely to face as
we move forward into an age of handhelds and ubiquitous in-
formation capture devices. While we raise interesting ques-
tions, we do not claim to have all the answers. Specifically,
we discuss four major themes that we believe our research
community will need to address in the years to come:

• The need to design holistically for a single-user/multiple-
devices model;

• the need to manage newer types of information and exploit
contextual data in interesting ways;

• the need for lightweight information capture;

• and to understand and exploit the evolving social nature
of personal information.

MOTIVATION FOR STUDYING THE MOBILE CONTEXT
In July/August 2007, we conducted a survey study among
knowledge workers (technology workers, university profes-
sors, graduate and undergraduate students) about the devices
they use, activities they perform, groups of devices that are
often used together, and how the failure of a device or the
introduction of a new device influenced their practices. 220
participants took the survey; some expressed dissatisfaction
about not being able to manage their information effectively
with their many devices; some told us about the unique strate-
gies and techniques they had devised to work around the
problems they encountered. Although the results of that sur-
vey have been only partially analyzed at the time of this writ-
ing, our initial findings indicate that the variety of devices
and their adoption rates are on the rise.

Increasing Variety and Adoption Rates of Devices
Many more knowledge workers reported using laptops (>96%)
and cell phones (83%) than desktops (71%). 26.4% of all



users reported using both laptops and cell phones (plus other
devices as well.) Other recent studies conducted over a broader
population also hint at the increasing diversity in the use
of information devices [11]. The largest product launch of
2007, by some accounts [15], was the Apple iPhone, a mo-
bile personal information management tool. Thus, not only
is there an increasing variety of devices on the market, but
users are also adopting several of these devices voraciously.

Many of these portable information devices are somewhat
limited in processing power, but their limited input and out-
put capabilities place them in a separate category. Although
Moore’s law has permitted a large amount of raw processing
power to be compressed into smaller and smaller devices, the
physical limitations encountered by input-output devices are
much more difficult to overcome. These limitations make
PIM on these devices an even more challenging task.

Not all Information Seekers are Knowledge Workers
The traditional image of the information seeker, before the
computer era, was that of a knowledge worker surrounded
by paper documents and filing cabinets. After the arrival
of computers, the image of the information seeker is that
of a person working at a desk using a computer. With the
presence of mobile devices, the information seeker of today
is not at a desk, or at home, but out there, mingling among
others.

Even the moniker “knowledge worker” is indicative of the
fact that any interaction with knowledge is considered re-
lated to work. Today, we must also study knowledge con-
sumers — information seekers — who perform PIM for rea-
sons other than work, outside of the office, away from a
desk. Some areas of study include: how people organize and
share their music collections, photo libraries, grocery shop-
ping lists, DVR recordings, etc. Of particular interest is how
the work and home environments relate to each other. Do
users keep completely separate identities when it comes to
their information management practices, clearly delineated
by their work/home lives?

Challenges Raised by the Mobile Context
Context has been recognized as an important influencing
factor in the decisions of keeping and organizing informa-
tion [2]. Mobility brings a whole new dimension to the
concept of context. For example, Kristoffersen et al [14]
identified four major factors that makes the mobile context
more challenging than the stationary workplace or home, es-
pecially as it relates to the use of computing devices:

• Computing is often a secondary task; tasks external to
operating the mobile computer are the most important.

• Users’ hands are often used to manipulate physical ob-
jects, as opposed to users in the traditional office setting,
whose hands are safely and ergonomically placed on the
keyboard.

• Users’ tasks may demand a high level of visual attention
as opposed to the traditional office setting where a large

degree of visual attention is usually directed at the com-
puter.

• Users may be highly mobile during the task, as opposed
to in the office, where doing and typing are often sepa-
rated.

Furthermore, users are usually unable to devote sufficient
attentional resources to keeping and organizing information
encountered in a mobile context [17].

DESIGNING HOLISTICALLY FOR THE MOBILE CONTEXT
We argue that a new step in the evolution of design prac-
tices is needed to make possible the synergistic use of mul-
tiple devices to fulfill a user’s information needs. Design-
ers now have the responsibility of thinking about multiple
devices, information collections, and users’ tasks when de-
signing new devices. Thus, it is necessary to consider all
platforms together and distribute or replicate functionality
according to the affordances and contexts of use of each de-
vice [18]. This may require forfeiting interface-level consis-
tency between two or more platforms in favor of presenting
a holistic interface to the user. In our opinion, this represents
a design approach unlike building multiple applications for
the same desktop computer, where consistency is essential.

No Device is an Island
Portable devices today have been designed as disparate is-
lands of information. Some devices and software were de-
signed as functional replicates of their desktop counterparts
(e.g. Microsoft Pocket Word and Pocket Excel), while oth-
ers are designed without consideration for how they fit into
a user’s overall environment (e.g. many cell phones keep an
independent copy of a user’s contact list and are unable to
synchronize with other devices that also keep similar lists).
When many such devices are used together, functionality of-
ten overlaps instead of being mutually complementary [21].
To use these devices effectively, they must artificially be
bridged together using synchronization software, network
file systems, USB thumbdrives, or by sending files back to
oneself using email.

From our survey, we learned that fully 78% of users use
more than one device. However, a lot of these users had
horror stories to narrate about how their individual devices
failed to communicate amongst themselves and live happily
together. Instead of providing added value, they created
more problems. Users also reported halting the use of multi-
ple devices in favor of a single one because of the inevitable
synchronization problems rampant in a multi-device envi-
ronment. E.g. the use of laptops (96%) has far surpassed
the desktop (71%) for precisely this reason, as reported by
participants.

Information Sub-Collections
Another area where mobility affects PIM is in how we think
of our information collections. To make devices play better
with each other, it is not necessary to keep all information
consistent over all devices. Strict synchronization of all in-
formation on each device with all the other devices owned



by a user is generally not a good idea; e.g. a user may not
wish to synchronize music from his desktop to his laptop,
because it already exists on his music player, and is thus ac-
cessible on-the-go. To address this concern, we introduce the
term ‘sub-collection’ to describe a subset of an information
collection that may be kept synchronized across devices.

In the survey, we encountered many different ways of how
users think of their sub-collections. In one example, a user
found that navigating the address book on his/her phone was
too cumbersome, so they copied only a few phone numbers
to the phone. Here is the direct quote from our study:

“I find my cell phone’s contact navigation to be a
real pain [...] — although there are quite a few people
on there, I usually don’t call them. Thus I find it tedious/
somewhat pointless to put more people on there — after
all it will just cause me more pain when I am navigating
to people I really want to call.”

In another case, the different components of an information
collection are maintained in different devices. For example,
the quote below shows how this user prefers to have name
and phone number in the phone address book but name and
email in the computer address book:

“Usually my contacts on the phone are just with
numbers while my contacts on the computer are just
with email addresses (makes sense since I’m using the
former to make calls and the later to send emails). [...]
The name of the contact is usually different for emails
(e.g. full name instead of only first name or last name
first or use of title in front of name.)”

A third example shows how users might have different sub-
collections based on the social role these play and on the
device where they are used. Here, a user has a music sub-
collection for exercising and another one for long trips.

“I have two MP3 players: A small one for the gym
and large one for long travel, etc. and I do not have
the same music on both of them. It is generally difficult
to make the synchronization software for each player
understand that I do not want it to grab my entire mu-
sic library, only the portion that I want to send to that
particular player.”

Other examples abound: while it is useful to keep complete
past and future calendar data on a user’s desktop computer,
keeping a copy of all that information on a cell phone is
wasteful of resources and negatively affects the time and at-
tention it requires for common tasks such as looking up to-
day’s schedule. Synchronizing browser bookmarks between
computers and mobile devices1 is often sub-optimal, since
the sites visited while mobile are completely different from
the sites visited in a desktop context.

From all the examples above, we see the need to split infor-

1E.g. Apple iPhone automatically synchronizes all bookmarks with
the Safari browser on a Mac.

mation up based on the device it will be accessed on and/or
the purpose of accessing it. This is, in some ways, the oppo-
site of the information fragmentation problem [3]. On one
hand, personal information that is currently locked in indi-
vidual silos based on their origin and type of data (i.e. infor-
mation collections [4]) needs to be integrated. On the other
hand, the above examples illustrate the need to meaningfully
split collections into sub-collections according to some com-
plex, idiosyncratic, and as yet unknown set of rules.

MANAGING NEWER INFORMATION COLLECTIONS
As the world ventures out with new information capture de-
vices in tow, newer types of information will undoubtedly
enter our already-burgeoning information stores. Though
we already have collection managers for existing types of
information, e.g. email clients, music browsers, photo man-
agement software, there is a need to develop specialized col-
lection managers for the new collections.

Certain kinds of information — contextual data — are only
captured in mobile settings: the best example is perhaps
location tracking logs, also known as GPS (Global Posi-
tioning System) tracks. The use of technologies such as
GPS generates track logs containing information about us in
four dimensions: latitude, longitude, altitude and time. As
more and more people start tracking their movement, soft-
ware such as Google Earth (that can let you view these tracks
superimposed on digital photographs of the earth) may be-
come part of their arsenal of personal information tools. Many
products on the market enable users to keep complete and
detailed GPS logs of their movement.

Photographers have begun to make extensive use of GPS
track logs. Photographs are often taken in mobile settings
and some photographers automatically annotate their digi-
tal photos with location data from GPS track logs. By ef-
fectively combining these two disparate data collections, we
can generate visualizations that allow photos to be super-
imposed on a map, along with other users’ photos taken at
nearby locations2. Integrating these sources of information
within a personal information store still remains a research
topic.

Life-logging projects such as the idea of a Memex proposed
by Vannevar Bush [6], Microsoft’s MyLifeBits [8] and nu-
merous projects involving the SenseCam (several examples
are mentioned in [19]) generate huge amounts of contextual
data that PIM researchers are interested in studying [7]. The
SenseCam project from Microsoft3 involves a camera that a
user wears around her neck to capture all aspects of her envi-
ronment to create a life log [16]. Among the types of infor-
mation captured by this contraption are light intensity, light
color, body temperature, ambient temperature, audio level,
GPS location, and data from a multiple-axis accelerometer.
The current version of the SenseCam viewer lets the user
view photos chronologically and the measured values as a
graph. Future research in this direction will lead to visual-
izations that let the user slice and dice this information in
2http://panoramio.com/
3https://research.microsoft.com/sendev/projects/sensecam/



many meaningful ways and trace life events any way she
wants. Moving forward, we will need efficient ways to orga-
nize, integrate, peruse through and search this information.

THE NEED FOR LIGHTWEIGHT INFORMATION CAPTURE
To understand the far-reaching changes that mobile devices
are bringing upon us, we present a few examples of ubiqui-
tous information typically encountered in a mobile setting.
What makes this information unique is the situational as-
pect of it: when users encounter these types of information,
they are not at their homes or their offices. Thus, they have
no way of acting upon this incoming information at the ex-
act time and place they encounter it. We suggest a means
of ‘lightweight capture’ that will allow users to ‘bookmark’
this information for later processing, and be able to access it
at a later time when it is more convenient to process it.

Examples of Encountered Information

Electronic Billboards, Posters and Flyers
While walking along a street, driving on a highway, or strolling
in a mall, we are surrounded by advertising billboards, posters
announcing local events and flyers publicizing special deals
at every nook and corner. When a person interested in these
offerings notices the billboard, she might be interested in
capturing some of the information for later use: e.g. date
and time of the concert, phone number of the contact person,
website of the manufacturer, etc. The use of small devices
is particularly appropriate in this context. A quick photo of
the billboard using a cell phone camera supports quick cap-
ture. However, this presents yet another challenge for the
user to organize the information. The picture captured is not
for the ‘Pictures’ collection but instead for a ‘to do list’ or
a reminder for some other activity. The lightweight capture
of information afforded by the small device in this example
complicates information management at a later stage.

Music on the Car Radio
The car has already taken over the home as the primary lo-
cation for radio listening among young adults [12]. In the
context of driving a car, listening to the radio is a passive ac-
tivity. However, if the user wants to “bookmark” a song, or
record a phone number from an advertisement, there is cur-
rently no easy way to do that. On this, and many other occa-
sions, the mobile context does not leave enough attentional
resources for users to be able to perform any complex tasks
with their information [17]. Traditional ways of capture and
keeping, such as typing a note, or writing on a Post-It, are
extremely bad choices for a car driver.

Location and Contextual Data
Some forms of information are captured at will in a mobile
context, but organized (or edited) in another context later
on. Examples include photographs, video footage, business
cards received at conferences, voice memos, quick handwrit-
ten notes captured during interpersonal interaction, etc. This
illustrates that PIM systems and principles that guide devel-
opment of desktop tools can no longer function optimally in
a mobile context.

Other Examples
Many other types of information are intimately connected
with mobile contexts (though they often also exist in station-
ary contexts.) Among these are phone calls and meta-data
about them, voice mail [23], contact information exchanged
via non-electronic means [24], and others. Ways and means
of taking personal information from the desktop into the out-
side world, e.g. by writing notes for users based on their
location, have also been developed [9, 20].

Keeping and Organizing in a Mobile Context
These examples highlight why users prefer to (or are forced
to) postpone ‘the keeping decision’ [13] until they are no
longer mobile and/or until after they are able to resume their
access to a full computing environment. Since this informa-
tion is organized at a different location than where it was
encountered, several contextual cues that were available and
handy at the moment of the encounter are no longer available
when performing the keeping and organizing tasks. We be-
lieve that this will be a prevalent situation as more and more
information is managed in a mobile context.

Lightweight Information Capture
In these examples, noting down and filing away details while
walking on the road or listening to a car radio were not
viable options. Thus, mobile users need a way to “tag”,
“pin”, or bookmark items of information for deferred keep-
ing. Portable information devices should support such lightweight
interaction that does not require the user’s full attention, but
still enables future access to that information. Such inter-
action would support post-facto browsing and retrieval on a
different device and make available the past context to avoid
the location post-value recall problem.

Even within the desktop context, several tools have acknowl-
edged and tried to address this problem. QuickSilver4 and
OmniFocus5 both have a quick entry or quick capture mode,
in which users can create notes quickly for later process-
ing. A system of lightweight capture is encouraged by pro-
ponents of the Getting Things Done [1] approach as a way to
reduce the cost of keeping without cluttering the permanent
information store with poorly organized information. In all
these approaches, an Inbox is used to collect notes and sup-
ports lightweight capture.

BEYOND THE PERSONAL — INTO THE SOCIAL
Information is moving off the desktop in another significant
way: it is moving from one user’s desktop onto another
user’s desktop. A user is never alone; she is in the midst
of other people, socializing, collaborating, learning, teach-
ing, commuting, or simply hanging out at a bar. Some of
these social interactions inevitably lead to information ex-
change, and this presents an interesting challenge for PIM
researchers. Mobility also contributes to this: mobility en-
genders sociability.

Influence of the Social on the Personal
4http://www.blacktree.com
5http://www.omnigroup.com/applications/omnifocus/



Most personal information enters a user’s personal space
from the external public space. Gwizdka suggests that char-
acteristics of that public space influence the user’s decision
to keep and organize the received information [10]. But
this public space is defined as “all information resources and
channels out there”, and is not necessarily social in nature; it
is publicly accessible, but it need not involve the participa-
tion of any other users.

We believe that social information spaces (different from
public spaces, as illustrated above) play an important role
in a user’s keeping, organizing and finding decisions. The
permeability of the boundary between personal and social
information spaces raises new issues that PIM research must
look at, while tools that take advantage of this relationship
can offer newer and better ways for users to manage their
personal information.

Information Osmosis
Personal information is no longer restricted to personal spaces.
It may be created, stored, managed, archived, and transmit-
ted entirely outside the personal space, and brought into the
personal space at will. Most information is eventually ex-
changed with other users. Even the etymological root of in-
formation, ‘inform-’, refers to the transmission of a message
from one entity to another.

With the advent of ubiquitous electronic social spaces and
our increasing dependence upon machines for information
processing, it is but natural that information will flow from
personal spaces to social spaces. We term this natural pro-
cess of the movement of information across the permeable
boundary between the personal and social spaces as ‘infor-
mation osmosis’. The choice of term suggests that the two
information spaces do not collapse into one, neither is there
a strict wall between them. Instead, the boundary is perme-
able and allows the selective passage of information across
it.

Some current examples of this flow of information include:

• People upload photos to Facebook and tag them with their
friends’ names. This causes the photo to appear also on
the tagged user’s profile, although it was not uploaded by
that person. This reflects an ability of friends to “push”
information into others’ personal spaces, with or without
the consent, or even knowledge, of the target.

• A similar pattern is seen in the use of corporate calendars.
Although each user’s individual calendar is his/her per-
sonal information, one’s colleagues often schedule meet-
ings by adding an event to her public calendar.

• Blogs consist of personal information published to the
Web (social space). Regular readers track their favorite
blogs by subscribing to feeds in their blog reader soft-
ware, thus incorporating this information into their own
personal spaces.

• Users prefer to upload videos (undeniably, part of their
personal information) to public sites like YouTube, and

then embed the video into their own blogs. This is a tran-
sition of the information from personal (the hard disk) to
the social (YouTube) to personal (writing the blog post)
to the social (publishing the blog post) to personal again
(entering the reader’s personal space).

This free flow of information between the personal and so-
cial spaces brings with it unique issues and amplifies the im-
pact of existing ones.

Privacy
Privacy is undoubtedly an issue inherent in any kind of per-
sonal information management. But due to the closed nature
of our individual information spaces, this issue has received
relatively lesser attention from the research community.

There have been several incidences reported in the popular
press about potential employers scanning social spaces for
personal information about candidates they are looking to
hire. Quite often, some bits of unsavory personal informa-
tion sneak out into the wider world unintentionally, and may
have serious implications for the person involved. A single
casual email that may have been considered acceptable for
personal use may wreak havoc upon the career of its unsus-
pecting sender if made available for public scrutiny.

What can PIM research do to understand this movement of
information from personal to social, to channel it through
acceptable means, without removing from the user the flexi-
bility to use her data as she pleases?

Information Osmosis as a Method of Recommendation
Can we consider information that is purposely exported from
the personal to the social as a recommendation, or a vote,
from the user for that information? Many people maintain
short lists of their links on their home page, usually to public
web sites and their friends’ personal pages. The purpose of
such links is neither to manage them, nor to help others find
them (because those web sites are already much more pop-
ular than the site that links to them, e.g. http://bbc.co.uk/)
Is the act of providing such links, then, an indication of a
recommendation from the user?

The Web, authored by a billion different people, has an in-
trinsic recommendation system based exactly on this prop-
erty. Internet search engines such as Google rely on treating
a hyperlink from one site as a personal recommendation for
another site [5]. However, the creator of the first site did not
intend the link as a vote; she simply considered it part of her
personal Web site.

Motivation for Making Personal Information Social
What might be some of the motivations of users seeking
to make their information available to their social group?
Anecdotally, some users reported that their primary moti-
vation was for sharing with others, but that was not the only
reason. Other compelling arguments included the fact that
information placed into a shared social space had greater
longevity: by being placed in a social space, there was less
likelihood of it getting corrupted or lost, and thus the per-



ceived need for local backups was lower. Being able to ac-
cess their information from a different computer than their
own was also a crucial need (though it is obvious from this
comment that users imagine a strong conceptual connection
between two orthogonal ideas — storing information off the
desktop computer, and making it socially available.) These
ideas need to be studied better in order to harvest this phe-
nomenon profitably in favor of users.

Augmenting Personal Information with Social Informa-
tion
These trends are indicative of a larger phenomenon: that of
the thinning of boundaries between the personal and social
(or at least, the evolution of a more permeable boundary be-
tween the two.) How, then, can we take advantage of this to
assist the user in performing information management bet-
ter?

PIM tools can use the permeability of information to ad-
vantage by incorporating what we call socially-assisted per-
sonal information management. There already exist tools
based on this principle, but there is also a vast untapped gold
mine of interactions that researchers can exploit to advan-
tage.

There exists a tool, Facebook Address Book Synchronizer6

which compares email addresses, telephone numbers and
photos in the local address book with information provided
by the respective people on the social networking site, Face-
book. If any outdated information is found locally, it is auto-
matically updated with more recent information from Face-
book user profiles.

Now imagine if when a user changes her personal informa-
tion on her own address book, this change is automatically
propagated to Facebook. The above software, in turn, prop-
agates the change down to the user’s friends. Thus, changes
in personal information propagate to the social space to en-
hance and correct locally stored personal information of an-
other user. As a result, personal information flow will move
through the internet and personal information collections in
much the way that Web 2.0 technologies quickly propagate
other types of information today.

When importing music from a newly-purchased CD into a
computer in MP3 format, track names are often not available
from the disc alone. Software such as iTunes, WinAmp and
several others consult the Gracenote CD database (CDDB),
a collective social database of information about track names
in CD albums. This information used to be the personal in-
formation of someone, until that person decided to share it
with the world by uploading it to Gracenote CDDB. When
it is downloaded by a second user to tag recently-imported
music, it now becomes that person’s personal information.
Thus, information moves between a user’s personal infor-
mation space to the shared social space and may eventually
enter another person’s personal space.

What if future email clients could provide us similar func-
6http://fsbsoftware.com/

tionality? Along with a message from Person X to Person Y,
Y could also receive hints on filing it: “X has applied the fol-
lowing labels to this email: research, pim and notes. Would
you like to apply the same labels?” Not all such labels would
apply, but the thinking is that our tools can and should adapt
to leverage some of the organizational strategies used by our
peers, and these can be piggy-backed on top of the informa-
tion they already send us.

Social Data Processing
Using individual people’s personal information in aggregate
form can yield benefits to the entire community in manag-
ing their own niche of personal information. Consider, for
example, that certain kinds of spam filters are able to iden-
tify patterns in large email data sets by examining them col-
lectively. When one recipient of a suspected spam message
flags it as spam, these systems can automatically flag it as
spam for the hundreds of others recipients of that (or simi-
lar) email.

Internet startup company Wesabe.com helps users manage
their money: users have to provide their bank account de-
tails to Wesabe, and Wesabe will keep track of their finances.
The web site looks at aggregate spending characteristics of
its users and suggests them ways and means to save money.
These tips are based on other users’ personal information,
but suitably anonymized and aggregated to allay legitimate
concerns about privacy.

CONCLUSION
Via the examples presented, we focused on some of the prob-
lems and issues that need to be tackled to take personal in-
formation management beyond the desktop. Several reasons
highlight why the mobile context is different from the desk-
top context in relation to PIM: using a mobile device is not
the primary task, and hands and visual attention are in use
for the primary task. This presents opportunities for PIM
researchers to study and analyze these issues, and possibly
develop solutions for them. The four major areas of research
that we believe are crucial to mobile PIM are: the comple-
mentarity of devices and how designers should design holis-
tically for all the devices instead of each one alone; the need
for information sub-collections and new collections as data
gets split across multiple devices in meaningful ways, the
need for lightweight information capture that is better-suited
for the mobile context, and understanding and harnessing the
transition of information from the personal to the social and
vice-versa.
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