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BACKGROUND OF THE INVENTION -

1. Technical Field:

The field of the invention relates to a collaborative

computer based system and ﬁorekparticu;aq;y to a modified

What You See Is What I See multiuser interface for a col-

laborative editor. Still more particularly the invention
relates to a method of protecting user selectable blocks
of a SHared data object in collaborative computer based

system from simultaneous manipulation originating with
users.

2. Description of the Related Art:
i d - i

_ : i _
A collaborative system may be defined as a real-time com-

puter based environment coordinating individual efforts

toward completion of a task. The task or subject of a
group's attention may be a document, a production sched-
ule, a computer program, a product design, or any other

- task, solution of which is repfesented by the 6rganized
~expression of information. Construction of that expression

is presumed ‘aided by the efforts of more than one person

and particularly by the simultaneous efforts of more than
one person.

A computer network is typically the vehicle for coordinat-
ing work. The subjéct'of the work is typically structured
as one or more shared data objects stored in memory acces-
sible over the network. The machine for constructing the

data object is. software, such as a +text editor or data

base management facilities. The user accesses the shared
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data object :.thi'ough multiuser - interface facilities sup-

ported by the network.

A shared data object is one which is simultaneously acces-
sible to ‘a plurality of users 'Qver the network. .-Such data

" objects can include, . for exanipl'é, .word processing docu--

ments and spread sheets. A shared. data objecf is a data
object to _whicli ‘more than one user at a time is permitted

‘some type of access.

Thus, a common -issue facing ‘designers of collaborative
systems .is the type of concurrent access 'permitted;'each' of
a plurality of users. This core issue has a number of
subsidiary issues. User access can be limited to the abil-
ity to read an object, lz_out more commonlf includes some .
rights to manipulate 'or change the quect. For example:
Who among the users is permitted rights to change the data
object?_ Shall each user be shown the same representation
of the data object? How, free are users to be in changing.
their viewpoint of the éhared data object?

A user has access _to- a shared data object through a
multiuser interface. The interface typically includes -a
video monitor under the control of the user_'s local work-
station, through which views of the shared data object are
displayed. The interface is supported by softv.rare allowing
multiple simultaneous access to an object with the right
to manipulate the contents of the.' object. The general
characteristics of one category of common multiuser inter-
face are referred to as the What You See Is What I See
(WYSIWIS) concept. In strict form, each user sees exactly
the same thing, 'from. the same viéwpoint, with each user
being given apparent immediate rights to manipulate the
shared object. All user cursors are simultaneously dis-
played. Updates are transmitted to each participant, al-
lowing the participants to see what is being done as it is
done. In practice the WYSIWIS concept is partially re-
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laie&.'For-example, users are typicellﬁxpermitted to se~.
lect their * point of view. User selected points of view

~are known as private views of publlc obJects. In a word .
processing document a user selects the portlon -of the .

document of current interest to that user as a private

" view.

While the WYSIWIS eoncept has been relaxed for convenience
sake, it has also been relaxed as a concession to limits

" in the technology. Consider the example of collaborative

work -on the text of a word processing docﬁment..Each user
having current aceess_to the document has a window_gener-
ated- on the'ﬁideo monitor of his or her local werkste-
tion, with text taken from the document reproduced in the :
window. Each user will have one fext cursor, indicating
the point .in the document where the user may make chang-
es. In strict WYSIWIS, all text cursors are to be die-
played. In practice, the. inability to distinguish owner-
ship of a cursor on sight has proven confusing, sémetiqes
requiring suppression of private cursors, except the
user's own, from a ueer's videe monitor.

Conflicts or collisions in user actions, such as simulta-
neous aftempts to change the same word in a word process-
ing document, can also cause problems. In strict WYSIWIS,
conflicts are allowed to occur. Each user is given an
impression of immediate accessibility. In a setting where
the workstations are all in one room, or a form of
teleconferencing is occurring, permitting such collisions
is tolerable because the participants can settle the dis-
pute by conversation. Collisions are less tolerable
where the usual communication between users is that which
is implied by changes in the shared document.

SUMMARY OF THE INVENTION
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Thus it is an object'of the inventioﬁ-to'pfovide'a'method
of enhanc1ng cooperative work in a collaborative computer
system. , : - : Sl -

It is:anothef object the invention to provide a_oollabora-,
tiye,editing system for.shared_data_objectsg' ’ '

It isiyet:another object of the -invention to provide a
modified What You See Is What I See (WYSIWIS) interface.

It is still another object of the invention to prov1de a
method of protecting user selectable blocks of a -=shared
data object in collaborative computer based system from
simultaneous manipulation originating with users.

The foregoing objects are achieved as is now described.
The m_ei:hod of the present invention may . be utilized for

. protecting blocks of a shered data_ object in collaborative

computer based system from simultaneous manipulation orig-
inating with two or more users. The collaborative computer
based system includes a network connecting a plurality of
terminals for communication. Each terminal includes an

" output display device and a user input device. The col-

1aborat1ve computer based system includes a shared data
object simultaneously accessible by a plurality of users
of the system. Responsive to a user obtaining access to
the shared data object, the user is assigned a cursor
available for display on the visual display devices of
all current users. A user may attempt to cover portions

_ of the shared data object with a lock region by selecting

position coordinates for such a lock region. If the posi-
tion coordinates do not include any portion of any previ-
ously established lock region, a lock region is estab-
lished, blocking manipulation of the portion of the

‘shared data object so covered against changes associated

with cursors other than that of the establishing user.

Exercise of appropriate commands release a prior lock
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region associated with the user. Thus a plurality of lock

regions may be established, each assoc;ated with a par-
‘ticular user. L.

The ebove as well as additional objects, features, and
advantages‘of the invention will become apparent in the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the inven-
tion are set forth in the appended claims. The invention
itself however, as well as a preferred mode of use, fur-
ther objects and advantages thereof will best be under-
stood by reference to the follow1ng detailed description
of an illustrative embodiment when read in conjunction
with'the accompanying drawings, wherein: '

i | ) . i
Figure 1 is a pictorial view of a local area network with
which the invention is advantageously-employed;

F:Lgure 2 is a pictorial view of a window generated by
computer graphlcs system to support the user interface of

the invention;

Figure 3 is a pictorial view of a window opened to a tar-
get textual object for editing;

Figure 4-~7 are pictorial views of a window opened to a

~ target graphical object as the window is edited;

Figures 8A-8C are pictorial views of windows opened to
select lock modes and user selectable.regions for utiliza-
tion with the system and method of the present invention;
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' FiQure_9 is a pictofial view of a window for a user inter-

face relating to control features of the present inven-
tion; _ _ S -7

Figure 10 is a pictorial view of a window for a user in-

' terface relating to control features of the preéent inven-

tion;

Figure 11 is a block diagratﬁ ‘of a local area network

"illustrating distribution of data objects supporting the
. system and method of the present invention;

Figures 12A and 12B are depictions of data records used

in practicing first and second embodiments, respectively,

 of the present invention;

Figure 13 is a high level flow chart depicting access by:a
client to a collaborative data processing systenm;

Figure 14 is a high level flow chart depicting operation
of a collaborative editor at a client terminal incorporat-
ing the method and system of the present invention;

Figure 15 is a high level flow chart depicting operation
of a collaborative editor at a server incorporating the
method and system of the present invention;

Figure 16 is a flow chart depicting operation of the col-
laborative editors of Figures 14 and 15 relating to re-

sponse to a command received from a user of the system;

Figures 17A and 17B are a flow chart relating to update of
a client display in a group editing system provided by the

present invention;

Figures 18A and 18B are flow charts relating to determina-

tion of whether a cursor position is locked against edit-
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ing thfough that cursor -in first and -second embodiments of

the invention;

Figures 19A.and 19B are flow charts relating to first and
second embodiments of the'invention,-fespectively, _'pro-

. viding for updating of cursor _aésociated' lock regions
. within a shared data object; '

Figures 20A -and 20B are flow charts felating.to first and
second embodiments of the inventibn, respectively, provid-
ing for usér selection of regions within a shared data
object; .
Figure 21 is a flow chart relating user establishment of a
lock region from a select region; '

Figure 22 is a flow chart relating to user designation of
a select region as an associated region;

i
Figure 23 is a flow chart relating to removal of a lock or

association designation from a region; and

Figures 24A and 24B are flow charts relatind to first and
second embodiments of the invention providing for detec-

tion of lock conflict determinations made upon attempts to

" select a region.

DETAILED DESCRIPTION OF THE INVENTION

.With reference now to the figures and in particular with

reference to Figure 1, there is depicted a pictorial
representétion of a local area network which may be uti-
lized in accordance with the method of the present inven-
tion. Local area network 8 supports a collaborative
computer based editing system relating to a data object
stored on a server. Local area network 8 provides data

communication over a transmission channel 10 Dbetween a

Wt
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plur'ality..'o-.f.; personal computers 12. °.Comptters 12 within

"the depicted system' are preferably . provided by utilizing

an IBM personal computer, an IBM Personal System/2 or
other sim:.lar system. As those skilled in' this art will

“appreciate, computers 12 generally 1nclude a keyboard for
‘receiving user inputs in- a video display device to send
- messages to the user of the local area network. One of -

computers 12 operates as .a server for the network 8. The

'server may, ‘for example,- be a 1arger computer such as the

IBM Application System/400.-

‘Figure 2‘depicts a pictorial representation of a window

including examples of features of -a multiuser interface
supported by the present invention. Window 18 is a con-

ventional window as would appear on a display screen on a

computer 12. A locally generated mouse "pointer 22 is
available for operating control features of the window.

Window 18 includes a title bar 24 identifying the shared

data object accessed by the user. Display field 27 exhib-
its a private view 28 of a shared data' object. Cursors 20
and 26 also appear in display field 27. Cursor 20 is a
cursor assigned the user of private view 27. Cursor 26 is
a cursor assigned another user who has access to the same
shared data object and who, at least in part, is accessing
a portion of the shared ‘data object extending into pri-
vate view 28. Cursor 20 responds positionally to movement
commands generated by the user. Cursor 26 will move about
the screen and possibly out of the display field 27 de-
pending on commands from a remote site. Shared data

. object may be a word processing document represented in
" portion by lines of text reproduced in display field 27,

but could also be a graphical image or other type of
document.

Cursors 20 and 26 have display attributes resulting in
visually distinct appearances, indicated by the solid
shading of cursor 20 and the cross-hatching of cursor 26.

ot
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In the preferred embodiment, the cursors appear ih distin-

' guishing colors.

Figure -3 is a pictorial view of a window 102 generated on
a user . display device. A text-édito:-function is associ-
ated with window 102. Within a display field 104 is a
private view of a target textual object. A user may edit
the'tafget textual object by positioning his or her as-
signed cursor 108 at the point at which the user wishes to
make a change or to add material. Cursor 108 appears em-
bedded in é floating, transiﬁory lock region 106, which
extends to. the word or word equivalent object in_rwhicﬁ
the cursor is currently located. Cufsor 108 and 1lock
region 106 appear as colored areas on a color monitor,
with the particular'colors of the cursor and lock region
and the background appearance of the lock region indicat-
ing the owner of the cursor and the lock region, as well
as the type of léck region.-
i i

A region 110 is marked by coloring unique to a particular
user to indicate some association with that user. Region
110 may identify ownership, or it may be locked against
editing by other users. The second user cursor 114 appears
in the view of display field 104, embedded in a floating
lock region 112. Again cursor 114 and lock region 112
are of unigque colors, identifying the owner of the cursor.
Region 110 may be associated with the owner of cursor 108,
114, or some third current or past client of the collabo-
rative editor.

'Figure 4 is a pictorial view of a window 116'opened to a

shared graphical object for editing using a collaborative
graphic editor. Three users, represented through cursors
130, 138 and 140, appear in the view of.the shared graphi-
cal object appearing in display field 117. A plurality of
subobjects appear in the view including a text segment
118,.a line drawing 120 of a train, a second text segment
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- -122, ‘a- line drawing 123 around spacecfaft object 124,

moon object 125, space _traveler object 126 and planet

-object 127; as"we]_.__l as. a third text segment 1287 A visual

attribute of each region, .or its border, indicates some
associational status 'b.etween the region and a user. Ref
gions 142, 134 and 123 .are user selected regions and may
be cancelled by their respective establishing users at any
time. The user selected’ regions may be locked against
manipulation by other -users, or may be used to merely
indicate ownership. -

Each user cursor 130, 138 and 140 has its own distinguish-
ing color. Each cursor appears within one of cursc;r lock
regions 132, 136 and 144, which also have distinguishing
visual attributes, preferably a unique color. Again, the
cursor lock regions are floating and transitory, arising
when a cursor is free of the user selected region or
cursor lock region of another. The shape and size of cur-

-sor lock regions are selectable by the-user. For exam-

ple, the owner of cursor 138 has selected a circular
cursor lock region 136, while the owner of cursor 140 has

selected a square cursor lock region 144. The owner of

cursor 130 has selected an object lock region 132, which
takes on the shape of underlying object 125.

Figuré 5 .is a pictorial wview illustrating entry of a
fourth user, represented by cursor 146, to the view of
display field 117. The user of cursor 146 has initiated
selection of a new region by generating a select point
145, indicated by an "X" displayed in display field 117.

‘Cursor 146, like other cursors, is identified as to its

user by a color. It is surrounded by a square cursor
lock region 148, which is also identified by color as to

owner.

Figure 6 is a pictorial view illustrating completion of a

select region by the user of cursor 146. By selection of a
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second select point 147 and by request of construction of

. a rectangle, a select region 150 is painted to. display
jfield 117. Select region 150 is indicated by close hatch-

1ng in the figure, and like other user.assoc1ated regions,

'has some visually distinguishing attribute to identify it
- to other users as to owner and type. A display style is

preferred for making this indication.

"Figure 7 is a pictorial view illustrating selection'by the
" user of cursor 146 of an associational type for select

region 150. Again, such a type may be simple "ownership”

.or creation of a user select- lock - region.  The

associational .change is . indicated Ey a change in the
visual attribute, or display style; of the region, here
for a user select lock region 151. Different types of
associations may also be given different visual at-
tributes such.'as different forms of cross-relating or
color shading. ’ _ '
i

Figures 8A-8C are pictorial views of two windows 152 and
select mode window 154 opened to control features for

'selecting cursor lock mode parameters. Referring to Figure

8A, Ohrough display field 153 and mouse pointer 22 a user
may select to have a lock region automatically attach to
his or her assigned cursor in a text application by se-
lection of the ON or OFF buttons. Upon selection of auto-
matic association, the user selects a mode of lock. Char-
acter, word and line modes are generally appropriate for
text editing. Although one being skilled in the art will
appreciate that other modes such as sentence, paragraph or

‘page may be utilized. Figure 8B depicts the selection of

a lock region for an image or graphics application. For
example, selection of the " POLYGON" button is a mode typi-
cally more appropriate for pictorial or graphical edit-
ing. The "user defined" mode points a user to define an
irregular lock region by specifying various vertices.

Alternatively, an object containing graphical or textual

<
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information may be selected asfa-lbck region by selecfing

. the "OBJECT" button. Similarly, a user may select the

"SQUARE" or "CIRCLE" buttons to .élect a lock region in

-those shapes. ' . Lo _ . -

'Flgure 8C shows how a user may deflne wvarious shapes for a
' ‘'select region. D1sp1ay field 155 of window 154 includes

three buttons selectable by mouse, a "SQUARE" button, a
"CIRCLE" button and a "POLYGON" button. Selection of any

‘of the three requires identification of certain parame-

ters, such as radius for a circle..A plurality of boundary
points will need to be. specified for the POLYGON selec~-
tion. After spec1fy1ng a select mode in this manner, sub-
sequent select operations by that user will take on the
shape. specified by the chosen select mode.

A network server generates default colors for the cursor
assigned each usef upon log on to the system. However, the

system affords a; user the right to locally modify the
interface in a number' of ways. Such modifications are
supported through window 34 of Figure 9 and window 40 of
Figure 10. As illustrated in Figure 9, a window 34 is
labelled in its name bar 36 for "Local Display Options."
Four selections are provided relating to color mode 38.
The selections are:_full,'where each user receives a dis-
tinct color; "two color", which provides one color for
the user's own cursor and another color for all other
user cursors; a "grey scale", which varies the intensity
of each cursor on a monochrome screen; and a "fill pat-
tern", which uses backgrounds such as hatching, parallel

"lines or flashing to distinguish one cursor from another.

The defined association of lock regions as they occur
within the shared data object and to the cursor assigned

a user.

A palette option 39 relates to a selection of colors in
the full color mode. The default button invokes the sys-

fr4°g



13 .
tem established colois. A custom ﬁa;ette Button__éenerates--
wihdow 40 illustrated in Eigure-ld.-ln window 40, a ‘user .
~can -select new colors -for each user. Color selection al-
lows those who are partially color bll:i;nd to select a
palette of.distinguishing colors. A user/color table 44
appears in  the display field of wihdow 40. Upon selection
. of a particular user, a particular ~color may be selected
- from color wheel 46.  The intensity of the-color'may_be
varied by manipulating a scroll baf 50. Selection is made
by button from amend buttons 48. Buttons 48 also include
a cancel button and{'a  default selection button, which
restores'the'originéily '.assignedfcolor fo a particular
user.

Figure 11A depicts a block diagraﬁ of local area network
8 for supporting a collaborative computer based editing
system 6 in the preferred embodiment. Server 12 communi-
cates with computers 12a-12n over a communications channel
10. Local area network é is depicted in a token ring geom-
etry however, other geometriés are possible. Server 12 is
a conventional computer such as an IBM Personal System/2
or AS/400 system programmed to practice this invention,
and includes a,centrél processing unit 60, a memory 64,
~and a network_a&apter 62 for formatting outgoing transmis-
sions and for deformatting incoming transmissions. Server
12 includes a hard drive unit 56 storing a plurality of
shared data objects pendin§ a requést for access by one or
more users. Such a request results in the transfer of the
data object to computer memory 64 over data bus 58. A
number of objects exist within memory 64. An operating
system and local area network server 66 are reﬁresented as
one object. An editor program 68, an association/lock list
70 and a cursor list 72 are associated with a particular
edit object, here a first edit object 74, to provide a
cooperative machine for generation and modification of
the shared data object. Additional edit objects may si-

multaneously exist.

L
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‘Users access the'shared Idata" 6bjecfs through computers
.12a-12n. Computer 12b is a typical éxample.'A computer 12b
operates as a persoﬁal ﬁorkstation communicating with
computer 12.'Schématically-the personal workstation 12b is
}-substantiélly similar to computer 12, and includes a net-
~work adapte 78, a display adapter 84, a hard drive unit
90, a central processing unit-(CPU).SZ and an addressable
memory 88. Components of personal workstation 12b transfer
data over a data bus 83.CPU 82 directly controls input
'peripherals 80 which may include a keyboard and a
mouse. Display adapter 84 drives a display device_qs, upon
which windows are genérated. Memory 88 includes a replica
92 of document 71 accessed by the user 6f:persona1 work-
station 12b. Replica 92 is accessed to change a user's
personal view of the shared data object without the ne-
cessity of burdening network 10 for traqsfer-of the data
to support the private view{ Also present is a command
structure 94 for use in establishing 'a communications

session on network 8.

The machine for effecting changes in first edit object
74 are its associated editor 68, association/lock list 70
and cursor 1list 72. Document 71 constitutes associa-~
tion/lock list 70, cursor list 72 and a target edit object
74. Cursor list 72 is a record of each user currently
accessing the first edit object 74. Association/lock 1list
70 includes lock regions generated by a movement of a
cursor into an unlocked area of edit object 74 and those
lock regions as have been established by users as well
" as other regions associated with users. Cursor 1list 72 is
updated whenever a new user accesses edit object 74 or
when a user logs off an edit object. Entry records in
association/lock 1list 70 may vary with movement of cur-
sors and with the exercise of select and deselect opera-

o
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ztions Byfusers..An-"association/lock3record includes a
.start point: an end point, an association type and a user

identification.

Fiéure 11B depicts a block aiagram of an alternate embodi-
ment -of supporting_collaborativé computer-based system 6.
Figure 11B is similar to Figure 11A, éxcept_that replicas
92 ‘of document 71 for clients 12A-12C are contained in
memory 64 and eiecufed- within server 12. Input/output
processor 61 communicates with a plurality of non-program-
mable workstations (NWS) 85. In this embodimént, server 12
becomes a single computer system running multipie process=-
es, such as an IBM Application System/400 attached to

multiple non-programmable workstations. Each non-program-

mable workstation 85 has a corresponding replica 92 in
memory 64. .

Figﬁres 12A and 12B illustrate data records 160, 162, 164
and 166 used in ﬁracticing first and second embodiments,’
resbectiveiy, of the invention. The embodiments relate to
collaborative text editing and collabofative graphical or
pictorial editing.

The current user list for a collaborative text editor
includes a list of pointers to cursor records 160, one of
which is illustrated in detail. One cursor reéord exists
for each current user. A record 160 includes a unique
jdentifier for the cursor. A current position record indi-
cating the line of text and the offset within the line for
the cursor is maintained, subject to update with each
command resultihg in a change of position. Record 160 .
includes two related fields utilized in selection of a new
region for locking or other purposes. A select on field is
a flag indicating a select region is active. A select
region is a freshly identified region not identified as to
associational type. The select lock field is a pointer to

a record for the select region.
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'The'ﬁaor lock iiét is a list of pointers to'iock records

of regions which are locked against other users. The cur-

- sor lock is field containing a pointer to a lock record

for the ‘floating 1ock associated with the cursor. A

: poznter may or may not be present.’ ‘Finally, an " Associa-

tion region list is a- collection. of fields containing
pointers to “associatlon/lock" records which are associ-
ated in some way with a -user, other than by being locked
against manlpulatlon by_other_Psers.

’

Record = 162 is-'charactepistic of - such Association/Lock

_records. The record includes the identification number of

the owning cursor. The association type is identified,
e.g. select lock, user lock, curéor lock, ownership, et
cetera. Fields are pfovided to fidentify the beginning
and end of the region, in terms of line and offset.

Figure 12B illustrates data structure records utilized for
a collaborative graphics editor. The current user list for
a collaborative graphics editor includes a 1iat of point-
ers to cursor records 164, one of which is illustrated in
detail. One cursor record exists for each current user. A
record 164 includes a unique identifier for the cursor. A
current position record indicating the X-axis and Y-axis
coordinates in the graph or picture for the cursor is
maintainéd, subject to update with each command resulting
in a change of position. Record 164 includes two related
fields utilized in selection of a new region for locking
or other purposes. A select on field is a flag indicating
a select region is active. A select region is a freshly
identified region not identified as to associational type.
The select lock field is a pointer to a record for the

select region.

The nser.lock list is a list of pointers to lock reco;ds

of regions which are locked against other users.  The
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cursor lock is field cdntéiﬂing a poiﬁtér to. a- lock fecord-’
for the floating lock associated with the cursor. a
pointer may or may - not. be _present. EJ.nally, an Associ-
ation region list is a collection of fields containing
pointers to "éssociation/lock" records which are -associ-
ated in some way with a user, other than by be:mg locked
against manlpulation by other users.

Record 166 is chardcteristic of Association/Lock records
for a collaborative graphics editor.- The record includes
the identification number of the- owning'cursor. The  asso-
ciation type is identified, e.g. select lock, user lock,
cursor lock, ownership, et cetera. A field identifies the
shape of the region, including squares', circles and user
defined polygons. A ordered 1list of defining points, i.e.
vertices, are maintained for the region. The list ordering
is provided to idenpify the sequence of points connected
by the boundary line of the polygon.
;-

Figure 13 is a high level flow chart illustrating access
by a client to a collaborative editing system of either
the text or graphics/pictér.;ial type. The initial state of
the system is to have a server waiting for client re-
quests for connectioh (block 200). The server is normal-
ly blocked and requires little in the way of computation
resources of the host machine. Upon a user .request,' a
connection is established. Decision block 202 reflects
that the user may be a pseudo user; utilized to pass.a
terminate command to the server by setting a terminate
flag. The YES branch from block 202 reflects such a flag.
More typically however, an actual user is connected, re-
sulting in execution of block 204, which is establish-
ment of an Asynchronous Client Manager for the requesting

client. The client manager is illustrated in Figure 15
below.
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."Referring now to Eigure'14'there is depicéed-a high level
-flow .chart deplctlng operation of a collaborative editor
. for elther text or graphics appllcatlon at a client.- The
process ‘begins at block 206 with 1dent1fication. of a
shared document to edit. Next, at block 208, the client
contacts the'servér and requests the document identified
at block 206. The transm1ss1on out of the request is indi-
cated by the letter "A". Receipt of the transmission by
the server, also indicated by the letter "A",  was indi-
cated at block 200 of Figure 13 above. At block 210 the
client receives its copy of the document from the server,
indicated by the letter "B". The document includes a tar-
‘get object for editing, the cursor list, cursor-fecords,
and assoqiation/lock records. The document is stored in
the client memory. Fihally, at block 212 a local editor
is initialized. Editing can now begin.

Next dec131on block 214 is utlllzed to determine if an
input has been received from a user. If so,, decision block
216 is utilized to determine if the command was valid or
not. If the command is not valid, the process warns the
user from block 218 and returns to block 214 analyze the
next user entry. If the command is valid, block 220 is
utilized to transmit the edit command to the server. The
transfer point between the local editor program and the
server editor program is indicated by the letter "C".

Next, response of the local editor to valid commands is
detailed. First, block 215 illustrates a determination of
whether or not a new cursor has been received from the
server, indicated by transfer point "F." If so, the cursor
is added to the local document, as depicted at block 217.
"If no new cursor is received from the server, the process
passes to block 222 where a determination is made as to
whether or not an edit command has been received from
the server. Edit commands can originate either locally

or from another user. However, no edit command is acted
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upon until.-received by the client from the server. Ac-
cordingly, blocks 214 and 222 are repeatedly executed
for the purpose of ‘identifying commands for t_ransmis-h

sion to server and for receiving commands - from the serv-
er.- B

Upon return- of an -edit command from a server editor,
indicated ._by an transfer point "D", block 224 is uti-
lized to perform the command on the local document. It
will become clear from the discussion below that such
commands can come from client managers for other users.
The operations occurring in block. 224 are expla;'lned in
detail below with reference to Figures 16-24. - They
include edit operations, region association. operations,
cursor movement and other steps: Decision block 226 is
utilized to determine if the command is a quit command or
an exit command.. If so, the process passes to block 227
which illustrates the -deletion of the owner's cursor
andﬁ block 229 depicts a déte;mination of whether or
not the cursor deleted was this client's'cursor. If not,
the process returns to block 214 to await the next com-
mand. If the cursor deleted was this client's cursor,
block 228 is utilized to close the local document and to
perform any other local cleanup functions, after which
the local process is discontinued. The NO branch from
block 226 returns to block 214 and the process awaits
the next command.

Figure 15 is a high level flow chart depicting a client
manager aﬁd collaborative editor being processed at the
server. The process begins at block 230, which is utilized
to determine if the regquest target object or document is
currently being edited by anyone else. If not, block 232
is utilized to open the document and to initialize the
appropriate data structures +to support collaborative
editing. Once an open document is obtained, or if it al-
ready existed, block 234 is utilized to create a cursor

4SS
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record for thé- new user. A copy of the document, includ-
ing the wupdated cursor records and lock records, if
such exist, is downloaded to the client terminal, indicat-

"ed by the transfer point "B" The new cursor is distrib-

uted to. all - other clients, as indicated by fan-out

. point "F." 'Block 236 reflects-addition of the 'new user

to the list of clients acc_:eséin__q the document. -

Manégement of .'client access . to the target object within

the document begins at block 238. Upon zjeceipt of an

edit command from the client, ndicated at exchange
point "C", the process utilizes block 240 to obtain a’
semaphore to’ thé server version of - the document.
Upon obtaining the semaphore, ' the client manager has
exclusive access to the doc¢ument files. Acéess by cli-
ents to the document is thus serialized to preserve con-
sistency. Block 242 may now be utilized to perform an
edit operation on: the server version of the document.
These operations are explained in detail below with ref-
erence to Figufes 16-_24. Next, block 246 is utilized to
distribute the edit command to the all of the clients
attached to the current document for parallel operation
on local versions of the document, as indicated at fan-
out point "D." As will now be clear, the client editor
depicted in Eigure-14 may receive edit commandé from a
plurality of client managers. Next, block 248 reflects
determination of whether last edit command was a quit
originating with this client manager's client. If not, the
process. passes tc¢ block 250 which illustrates the re-
lease of the semaphore to the d.ocument.

A client instruction to quit results in utilization of
block 252 to remove the client from the list of clhients
attached to the document and in deletion of the client's.
cursor record. Block 254 is utilized to determine if a
client was the only remaining client attached to a docu-
ment. If yes, block 256 is wused to close the document and
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-to peffdrm_ahy.réquired cleanup steps.}NekE{“block 257
illustrates the release of the semaphore for the docu~

ment. The '_clien{: .mahager for the withdréwing client only
is closed. ' ' S

| _ﬁigure." ‘16, "iilﬁstrates operations oééurring 'at'_bldcks
224 | and-_-242 _'of a client editor running on a ‘local termi-

nal and a client manager running on a server, respective-
ly. The operations are largely parallel, however, such
c!iffeferices as exist are noted"‘. Referring now to Figure
16, a flow ‘chart depicting operé.tion of the collaborative
editor is depicted. The process is jnitiated at - block
258 upon re;:e':i.pt of a command and a cursor with which to
execute the command. Block 260 is utilized to determine

if the command is one which will modify the target object

of the document in some way.

If a command is one which modifies the targef ‘object,
block 262 is utilized to determine if the cursor is

" located at a positioh in the tarcet object which is

locked against that cursor. If not, block 264 is utilized
to perform the applications command which l_nodifies' the
target object. This may involve commands similar to com-
mands ‘utilized by a graphics editor, such as Corel Draw,
available from Corelsystems Corp., 1600 -Carli'ng Avenue,

. Ottawa, Ontarioc, or any one of a number of text editors

and may include save and edit commands. Appropriate modi-
fication of the display is made if the operation is in

the client editor's view. Where the target object is

‘locked, the change is not entered and the process is

returned to the client editor or client manager, as
appropriate. . Determination of target object lock
status is explained below with reference to Figures 18A
and 18B. -

Commands which do not modify the target object of a docu-

ment include commands controlling cursor movement and
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commands - fin"volving selection and deselection of re-

. gions of the - tarqei: object for locks or "~other associa-

tion statu-'s. . Also among such commands are saves of the
target object and quit commands. However, the first
group of commands are of primary concern here. Following
the No - branch from -_decision"_- block 260, decision

-block 2'6'-6 is utilized to determine if the command was

one to move a cursor. If so, block 268 is utilized to
perform the cursor movement, i.e. to update the cursor
record 160 or 164 for the cursor. Next, if the process’
is  operating on a client editor, the display is
updated to reflect the new curéor position (See Figures
17A and 17B). Next, at step 272 the cursor lock is
updated (for detail see Figufes 19A and 19B). As ex-
Plained below a cursor lock may or may not be returned
depending upon the new location of the cursor. The pro-
cess is then returned to the client editor or rhanag_e:f:', as
appropriate. ' ’
i _ ]

If the command was not a cursor movement command, the NO
branch from decision block 266 advances the process to
decision block 274. Block 274 is utilized to determine if
the Command is a select cominand, which is utilized to
identify a portion of a shared data object for some
form of association with a user. If so, block 276 is
utilized to perform the selection operation (See Fig-
ures 20A and 20B below).

If the command was not a ~select command, the NO branch
from decision block 274 advances the process to decision

- block 278. Block 278 is utilized to determine if the
‘command is a lock command, which is utilized to ‘convert a

select region to a user select lock region in a shared
data object. If so, block 280 is utilized to perform the
lock operation (See Figure 21 below).
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3'If the command was not a 1ock command the NO.branch

f'from decision block 278 advances the process to decision
" block 282.- Block 282 is ‘utilized to determine if the

‘command is an unlock command, which is utilized- to remove

) a_user select lock region in a shared data object. If
80, block 284 is utilized to perform the unlock operatlon.
.(See Flgure 23" below)

'If'the‘commaﬁd was not an unlock command., the-NO branch
from . decision block 282 advances the process to decision
block 286. Block 286 is utilized to determine if the
command is an associate command, which is utilized to
convert a select region to a |user association region
im a shared data object. If so, block 288 is.utilized to
" perform functions similar to those described above with
réespect to block 264, including save and edit commands.
(See Figure 22 below). :

Execution of the remaining possible..commands, wh{ch
do not implicate conflict with lock regions, is provided.
for by utilization of. block 288 to carry out the com-
mand. All operations of +the process end in return to
the client editor or tﬁe client manager as appropriate.

Figures 17A and 17B relate to the _process of updating
a display on a local terminal. Generally no display is
provided. at a server. A display update occurs after
modifications to the document, after- a cursor move
command, and after an operation relating to user associa-
tion ' regions. The flow chart of Figures 17A and 178
relates to the latter two cases and may be presumed to be
executed after the operations contemplated-by blocks 276,
280, 284, or 290.

The process of updating a display begins at deci-
sion block 292, which begins again the process
ofidentifying the nature of the edit command received.

Wt
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~ ecision block 292 is wutilized to determine if. the com-
.- mand was a move cursor command. If so, a series of
 blocks- 294, 296, 298, 300 and 302 are utilized to iden-
' tify the owner of the cursor, to determine the color for
the owner, to determine' the new posi_tion of the cursor, to
" . remove the old cursor and to display the éursor_ at its new
position in the designated color. . ST

The prbcess of updating -a display continues at d_ecision
block 304. Decision bleck 304 is utilized to determine if
the command is to select a region_. If :so, ‘a series of
- blocks 306, 308, 310, 312 and 314 -are util_ized to
modify the region to identify it as selected and to iden-
tify the selecting_ user. The blocks specifically pro-
vide for identifying the owner of the select region,
recovery of a color for the owner, recovery of a "SE-
LECT" display style, determinatio:i_’of the. region in the
display for which modification of the .appearance 'is
required and, finally, painting the region using the
owner's color and the SELECT display style. '

The process of updating a display continues at deci-
sion block 326. Decision block 326 is utilized to deter-
mine if the command is a command to lock -a region. If so,
a series of blocks 328, 330, 332, 334, 336 and 338 are
utilized to modify the region to identify it as locked
and to identify: the owner. The Dblocks specifically
provide for identifying the owner of the lock region,
recovery of a color for +the owner, recovery of a
"LOCK" display style, determination of the region in the
. display for which modification of the appearance is
required and, finally, painting the region using the
owner's color and - the LOCK display style.

The process of updéting a display continues at decision
block 340. Decision block 340 is utilized to determine if

the command is a command to unselect or to unlock a re-
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gion. £ so, a series of bloéks-342,;344; 346 and- 348 are
utilized to restore the region to a "normal" appearance; 
The blocks specifically provide for recovery of the normal
display.colér, recovery of a'normal_display-style;_deter-
mination of the region in the display for which modifica-
" tion of the appearance is required énd,_finally, painting
"the region using the.norﬁal color.aﬁd display style.

Referring to Figure 17B, the process of updating a display
continues at decision block 550, Decision block 350 is
utilized to determine if any other associations are "ON"
in a view. If so, a series of blocks 352, 354, 356 'and 358
are utilized to modify the region to identify the.éssoci-
ation and to identify the its owner. The blocks specifi-.
cally provide for recovery of a color fér the -owner,
recovery of an appropriaté display style, determination of
the region in ‘the display for which'modificatioﬁ of the
appearance is required and, finally, painting the region
uéing the owner's color and the appropriate association
display style.

The process of updating a display continues at deci-
sion block 360. Decision block 360 is utilized to deter-
mine if associations are off for regions ' in a view.
If so, a series of blocks 362, 364, 366 and 368 are uti-
lized to display the regions in a "normal" appearance.
The blocks specifically provide for recovery of the
"normal display color, recovery of a .normal display
style, determination of the region in the displaf, and
painting the region using the normal color and display
style. After completion of a display update processing is
returned to the appropriate location in the local edi-
tor.

Figures 18A and 18B are flow charts relating to determi-
nation of whether a cursor is locked against editing at
its current position. The figures relate to first and

"
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- second embodiments of the 1nvention, that is a text edi-
- tor context .and a. graphlcs or pictorial editor context
. respéctively. Refe;rlng to Figure 18A, which relates to a
text editor, the process begins with utilizétioh of deci-
sion block - 370 to  determine - Af association/lock
- records, including cursor. lock records, exist which have
. not been examined. If hot, no 1ock'b1ocks_; the - opera-
‘tion . requesting the determination - and the process is
_returned. If records exist hoWever; ‘they must ebe exam-
ined. Next, at block 372, the next record is recovefed.
'Decision block 374 is utilized to determine if the record
is a lock type, including: user ‘locks, select focks or
cursor locks. If not, the record is irrelevant and the
process returns to block 370. If the record is a.iock
type, decision block 375 - is utilized to determine'if the
user is the owner. If so, the':ecord is irrelevant and
the process returns to block 370. Einaily,-decision
block 376 is utilized to compare the position of the
cursor and the start and end points of the lock record.
If the cursor lies between the start and end points, a
lock blocks use of the cursor _to .modify the docu-
ment " or to establish a select point. . A locked
indication is returned to the host process. If the
cursor lies strictly out51de of the start and end
points of the record, the lock is not effective at
the cursor position. The process returns to block
370 for evaluation of the next record. Only upon clear-

ing all records is a not locked indication returned.

Referring to Figure 18B, which relates to a graph-
ics editor, the process begins with utilization of deci-
sion block 378 to determine if association/lock
records, including cursor lock records exist which have
not been examined. If not, no lock Dblocks the
operation requesting the determination and the process is
returned. If records exist however, they must be exam-
ined. Next, at block 380, the next record 1is recov-
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ered. - Decision block 382 is utilized5to. determine if the
record is a lock: type, including _either user locks, se-
lect locks or cursor locks. If not,’ the record is ir-
.relevant and the process returns to block 378.- "If the
record is a lock type, decision block 383 is utilized to
-determine if the user is the owner. If so, the record is
" irrelevant and the process returns to block 378. Finally,
decision block 384 is utilized to compare' the position of
the cursor with the bounds of the polygon - formed by the
bouridary points of the lock récord. If the cursor lies
within the polygon, a lock blocks use .of the cursor to
modify fhe document or to establish. a - select point. A
locked -indication is returned. If the cursor lies
strictly outside of the polygon, the lock 1is not effec-
tive at the cursor position. The procesé returns to
block 378 for evaluation of the next “record. Only upon
clearing all regords is a no_t locked il_'xdicatioh returned.
. -

Figures 194 and 19B are flow charts relating updat-
ing of cursor lock regions within a shared data object
upon movement of a cursor. Referring to Fi.gure 19A, an
update process for a lock in a textual target object
begins with utilization of decision block 386 to determine
if the current cursor lock record is null. If so, opera-
tion ‘blocks 388 and 390 are used to generate a hew cursor
lock record and to set a pointer in the cursor record
to the new cursor lock record. Once a cursor lock
record 1is available, decision block 392 is utilized to
determine if the lock mode for the cursor lock is a
character position. If it is, block. 394 is utilized to
‘change the start and end fields in the cursor lock
record to equal the current position of .the cursor. if
the 1lock mode is not a character, the process takes
the NO branch from block 392 to decision block 396, which
is utilized'to determine if the lock mode is equal to a
word. If it is, the process takes the YES branch from
block 396 to block 398. ‘Bl-ock 398 is utilized to re-

R
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. trieve the current- line. from:: the .target: - object. -
' Next, block 400 is utilized to determine the 'offsets:
" of  the start and end -of ‘the cufrent_wbrd.- - Next,
block 402 is utilized to set the start and end fields in
the cursor lock record -equal to the start and end of the

current word. If, -at -block 396 it was determined that

the lock mode did not equal a word, it ‘is ‘assumed that the
lock méde equals ‘'a line. Along the NO  branch from
block 396, the process utilizes block = 404 retrieve
the current line from the target object. -Next, at block .
406, the ‘cursor lock record fields for the start and
end are set equal to the start and end of. the current
line.

After setting the start and end fields for the lock
record in any mode, decision block 408  is utilized to
determine if the new cursor 1lock record conflicts with
any other locks (for details of the analysis see Figure
2447). If it does conflict, the ne'w cursof ldck record is
removed from the document data structure (block 410)
and the cursor record to the pointer is set to null
(block 412). Block 413 then illustrates the updating of
the display. The process then returns to the appropriate
point in the editing process. If there is no conflict
detected at block 408, the process returns directly
to the appropriate point in the editor.

An update of a cursor lock in a gra-phics editing envi-
ronment is somewhat more complex. Referring to Figure
19B, operation block 414 is initially utilized to create
a new, provisional cursor lock record. The pointer field
in the cursor record is not changed at this time.
Next, decision block 416 is wutilized to determine if
the lock mode is equal to a square. If it is, block 424
is utilized to generate the four absolute coordinates of
the square centered on the current cursor position in

the plane of the view. If the shape of the cursor lock

g
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vf_redion_is not a square, decision block 418 is utilized
to'determine it the shape mode equals. a circle. If it
is, block 426 is utilized to determine a' set of coordi-
. nates for a polygon which épproximates a circle, i.e. a
- set of points equidistant.from the cursor in the plane of
"the_view.'- Some number N of ©points is selected which,
"given the résolutian'of'thq particulaf machines used,

will look ;ike a circle to the user. '

If at block 418 it was deﬁérmined_that the shape mode
was - not a circle, decision block 420 is utilized to
determine if the mode is user defined polygon. If so,
block 432 is utilized to convert a user definition of
poiﬁts ~relative to the cursor position to absolute
points for the lock record. ’

The graphics editing environment also allows for a cursor
lock mode equal to a current object ovédr which the cur-
sor is located. . If at block 420 it was deter-
mined that the mode was not polygon mode, block 422 is
utilized to determine if object mode is in use. If yes,
‘block 430 is utilized to query the display image to
determine if the cursor is over an object. 1If yes, block
432 is utilized to query the object for its absolute
bounding points, which are used as defining points for
a polygon shéped cursor lock record.

From blocks 424, 426, 428 and 432, i.e. from any defini-
tion of the bounds for a cursor lock, decision block
434 is utilized to compare the new lock record to other
lock records for a possible conflict (See Figure 24B for
details). If no conflict is found the old lock record is
removed (block 444) and the pointer field in the cursor
record is reset the updating to the new lock record (block
446) . Block 447 then illustrates the updating of the
display. The .process returns to the appropriate point
in the editing process. If however, a conflict is found

W
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" at decision block 434, . or no*oojeof is-found-below'thef
cursor (block 430), or the lock mode was "found to not be
in Object mode (block 422, implying that automatlc asso-
ciation of a lock to a cursor is off), then block 436
is utilized @ to delete the newly created lock - record. .
Next, block 438 is utilized to determine 1f the current
-cursor po51tion is within its own old lock record. If it
is, the old - lock recond is allowed to stamd{ although
ﬁisually.the cursor is no 1onger centered in its . lock
region. If the cursor is oufside of its old cursor lock,
the old cursor lock is eliminated by deletion of the lock
record indicated by thé cursor ' 1ock .pointer' in the
cursor record (block 440) and resetting that poihter to
null. .Block 447 then illustrates the updating of the .
display.

Establishment of a user select region is a prelim-
inary step -to establishment - by a  user of an
associational type or user - select lock type region.
Referring to Figure 208, a. flow <chart illustrates
establishing a select region in e. textual document..
The perform select process is begun by selection of e
select point in the editing process. .Decision block
448 is utilized to determine if a second point of the
select has been entered, which is required to continue
the process. If a second.select point is not received,
the process is returned to the appropriate point in the
editing process. A user may select as a second point
the same point as was identified as the first select
point, permitting creation of a select region of a

- single character.

From block 450, indicating receipt of a second select
point, block 452 1is utilized to create an associa-~
tion/lock record having as its start and end, the first
and second select points in an appropriate order. The
record type is set to "SELECT LOCK". Next, block 454 is

oyt
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utilized to determine if the new select region conflicts
with any lock regions (again utilizing the process of
Figure 24A): If it does conflict, block 456 is utilized
to warn the user that the select has failed and to
delete the record. The process is then returned to ‘the
approprlate point in the editor. If no . conflict was
found at block 454, block 458 is utlllzed ‘to set ' the
selection field 1n' the cursor record to "ON",_block
460 is utilized to add the record to the select lock
field and the display is updated (block 462) before
return of the process to the appropriate”point in the

editor. } ' : -

" Referring to Eigure 20B, a flow chart illustrates estab-

lishing a  select reglon in a graphics document. The

perform select process is begun by select1on of a select

p01nt during editing. The process is picked up in the
flow chart with utilization of block 464 to create a
assqc1atlon/lock record of the select type. It has a
shape indicated to be a polygon and its first point is
the initial select point. Next, ~decision block 466
is utilized +to determine - if the wuser has selected a
square (or rectangular).shape for select region. If
yes, block 468 is utilized to prompt the user to supply
a second point to define the region. A user may select as
a second point the same point as was identified as the
first select point, permitting creation of a select
region of a single pixel. . |

If a square shape is not selected, block 470 is uti-
lized to determine if the wuser has selected a cir-
cular shape. If vyes, block 472 'is utilized to
prompt the user to supply a radius, from which the next N
select points can be generated to complete a sub-
stantially circular appearing polygon.
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If a circular sh#pé was not détefmined.at.bloqk 470,
decision block 474 is utilized to determine is a general
polygon wds selected by the user. 1f yes, the user is
prompted to supply a series of points through block 476.
The user may, instead of selection . of an additional
point signal the ' machine that all ;pointS'have been
supplied, which is detected utilizing decision block
478. After determining that the user is done, éhe_ poly-

" gon is closed and the proéess passes- out of the loop

along the YES branch from débision block 478. As long
as the user does not signal completion, or until the user
has selected the maximum number of permissible points,
the process proceeds along the NO braﬁch from block 478
to block 480, which adds -the moét recent selection to
the list of points- in the association/lock record,
and then returns to block 476.

The NO Dbranch from decision block 474 indicates that a

“user has failed to select a shape for the user select

region, resulting in return of the process to the ap-
propriate point in the editing procéss, after indicat-
ing error to the user and deletion of the record created
at block 464 (block 482). '

Upon completion of the boundary points of the user select
region, decision block 484 is utilized to determine
if the new record conflicts with another lock record (see
Figure 24B). If yes, block 492 is utilized to warn the
user. Next, block 494 is utilized: to delete the
record created at block 464. The process is thereupon
returned +to the appropriate point in the editor.

If no conflict is detectéd at decision block 484, the
process passes along the NO branch to operation block
486, which is utilized to the set selection field in the
cursor record to "ON". Next, block 488 is utilized

to fill in a pointer field in the association record list
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of the cursor record. Then,' if ope_ra_(tion' .i'é; in - the
client, ©Dblock 490 is utilized to update the displéy to
indicate select of a region. The prbcessnisﬁthen,returned
to the appropriate point in the editor. -

A-sét lock operation to convert a select region to a ‘user
select lock region is . the ' same . for ‘-both embodi-
ments. Referring to Figure 21, a flow chart relating
user establishment of a lock  region from = a select
region is depicted. Upon a request to set a lock, the
process utilizes block 496 to determine if the select
on field in the.cursor.record'for the user is ON. If .
not the request is invalid and the process ‘is returned to
the appropriate point in the editor without substan-
tial action. If the select on field is on, and if in
the client, block 498 is utilized to update the display
to remove the select indication from the region pointed
to in the cursor reéord.' Block 500.is utilized _to remove
the record from the select lock field and place it in
the wuser lock 1list, if such a distinction is maintained
in cursor records. . Next, block 502 is utilized to
reset the type field in the lock record to "user
lock™. Then, block 504 is utilized to reset the
select on fields in the' cursor .record and the lock
record to OFF.  Lastly, before return to the editor,

block 506 is executed to update the disblay to reflect the
 new lock region.

Figure 22 depicts a flow chart relating to user desig-
nation of a select region as an associated region. Upon a
request to perform an association operation, the process
utilizes block 508 to determine if the select on field
in the cursor record for the user is ON. If not, the
request is invalid and the process is returned to the
. appropriate point in the editor without substantial
action. If the select on field is on, and if the pro-
cess is in the client, block 510 is utilized to update

o
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the display - to -remove the select indication from the
region pointed to in the cursor record. © Block 512 is
utilized to remove the region from.the seleét lock field

and -put it in the association list, if such a distinéﬁion-
is maintained . in cursor records. . ~NeXtP_block'514' is-
utilized to reset the type field in the lock record to
"user association".  Then, block 516 is utilized to 'reset
the select on fields in the cursor record and the asso-
ciation/lock record to OFF. Lastly, before return - to the
editor, block 518 is executed:to- update -the display to
reflect the new association région.' ' '

User release of lock and association regions is next
illustrated. Referring to Figure 23, a fiow chart relat-
ing to unlocking or disassociation of regions is illus-
trated. The process is initiated at block 520 with
the gettinq of a flag to indicate if an unlock or a dis-
association operation is; being undertaken. The process
will ,examine each record in the cursor lock and associa-
tion lists -until one is located in which -the cursor is
located. This process utilizes decision block 522,
which determines if records exist in the user select
lock list or association list for possible elimination.
If such records exist they are recovered in the order of
the list (block 524) and decision block 526 is wutilized
to determine if the cursor is within the bounds of the
record. If not, the process returns to block’ 522. If a
record is found in which the cursor lies, block 527 il-
lustfates a determination of whether or not the current
user is the owner of the record. If not, the process
returns to block 522. If so, the pointer to the -
record is removed from the appropriate list in the cur-
Sor record. Next, at block 530, the record itself is
released. Lastly, block 532 is utilized to update
the display (again only in client terminals). The
Process is then returned to the appropriate point in
the editor.
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Figures 24A “~and. 24B are flow charts_relatiﬂg to first
ahd second embodiments ‘of the invention providing for
detection of lock conflicts, which are made upon user
attempts  to -select a region or upon an attempt to move a '
cursor lock. ' Referring to Figure 24A, there is illustrat-
ed.'such.-a. comparison for a teit editing environ-

ment. The process begins with an inquiry relating
to the presence of user select lock' or cursor lock
records. If none exist or remain, the inquiry is com-

"plete and the NO branch from block 534 is taken back to
the requesting routine, indicating to the requesting rou-
tine that no conflict exists. If records remain, the
next such record is retrieved utilizing block 536. Deci-

. sion block 538 is wutilized to determine if the cur-
rent cursor is the owner of the record. If yes, the
record can be disregarded and the process returns to .
block 534 .on the YES branch from Block 5$38. Along the NO
branch, decision block 540 is utjlized to determine if a
the record is a lock of either type. If not, the record
may be disregarded and the process returns to block
534. If yes, determination  is made if the request-
ed select or lock region has common points with the lock
record. Decision block 542 is utilized to determine if
the lock (sélect) region input start bccgrs with or
after +the recovered lock record start. If yes, block 546
is utilized to determine if the input record start occurs
before or with 'the end of the recovered lock record
end. If it does, é conflict is present and such
indication is returned to the requesting process.
If it does | not so occur, the process réturns to
block 534 and examination of the next record. Along
the NO branch from decision block 542, the process
utilizes decision block 544 +to determine if the input
record end occurs after or with the lock record start.
If not, no conflict exists and the process returns to

block 534. If yes, a conflict exists and operation 1is
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returned to the requesting process with an indication
of the conflict.

Referring. to Figure 24B, there is,. illustrated such a com-
parison ‘for a graphics editing environment. The process
begins with an inquiry relating to the presence of user:
select lock - or cursor logk records. If no records
exist or remain, the 'inquiry. is complete and the NO
branch from . block 548 is taken back to the requesting
routine, indicating to _the requesting routine that
no conflict exists. If records remain, the next such
record is retrieved utilizing block 550. Next, decision
block 552 is utilized +to determine if the current cursor
is the owner of the -record. If yes, . the record can be
disregarded and the process returns to block 548 on the
YES branch from _blbck. 552. Along the NO branch, deci-
sion ' block 554 is utilized to determine if a the
record is a lock 6f either fype. If not, the récord may
be disregarded gnd the process returns to block 548.
If yes, th'e'.record and the input region must be compared
for possible overlap. Decision'block 556 is used to
determine such overlap. The test is one to determine if
the polygon of the input region overiap the polygon that
is returned from the lock record recovered at block
550. If they do, a conflict indication is returned to
the requesting process. If no overlap is found, the

Process returns to block 548 for gxamination of further
records.

Although the invention has been described with refer-
eénce to a specific embodiment, this description is not
meant to be construed in a limiting sense. Various modi-
fications of +the disclosed embodiment as well as alter-
hative embodiments. of the . invention will become appar-
ent to persons skilled in the art upon reference to the
description of the invention. It is therefore contem-

Plated that the appended. claims will cover any such



' 37.
modifications ‘or embodimerits that fall within the true
scope of the invention. =~
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CLAIMS -

In a . multi;media collaborative computer. based
system including a network connecting a plurality
of terminals for communication, wherein each termi-
nal has an output display device and a user input
device, and a shared data objéct- simultaneously
accessible by a piurality . of users of the
system, a method of protecting regions of the
shared data object f£from manipulation originating
from more than one user by esfabli-shing lock
region characterized in that it comprises the steps
of :

responsive to a user obtaining acé:ess to the
shared data object, assign:i‘.ng the user a cursor
avaiiable for display on all active output dis-
play devices; ;
responsive to selection by an establishing |user
determining a location for a block in a shared
data object; and

if the block does not include a portion of
previously established lock reé;ion, estab-
lishing a 1lock region from the block in the shared
data object which is lockéd against 'manipulation
except a cursor assigned to the establishing user.

A method of protecting regions of a shared data

"object from manipulation originating from more than

one user as set forth in Claim 1, the method com-
prising the additional step of:

responsive to establishment of a lock Tregion,
identifying the lock region with its establishing

ot \
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usér‘by_paintihq it to output - display devices
with -an identifying visual attribute. ’

39

3. A method of-protecting blockéfof a shared data ob-
ject f:om manipulation 'originatiﬁg from more than
.one.user_as set forth in claim 2, wherein the method
Ifurther_comprises the steps of.:“ ’

defermining whether an action fequests modification
of the shared data object.through a cursor;

" if the action requests such a médificatibn, determin-
ing if the modification would. occur . within a lock
'region and through a cursor other.than.the cursor
assigned the establishing user of the lock region;

"if yes, blocking the modification and warning the
current user; and .

if no, making the modification.

4. A multi-media collaborative computer based system
for protecting user selected lock regions of a
shared data object from simultaneous -manipulation
by two or more users, the multi-media collabo-

rative computer based system comprising:

a plurality of terminals, each terminal having an
output display device and a user input device;

at least a first computer;

a2 network connecting the +terminals and said at

least first computer for communication;

memory means under the control of said at least first
computer for providing simultaneous

LT
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access to the shared data object by a plurality of
users; T - ‘ -

means, responsive to a user obtaining access to

the shared data object, -for assigning the user a -

cursor available for display on all output display

devices; cursor within the-shared'data'object;

. means, responsive to selection by an establishing

user, for determining a_ldcation for a block in the
shared data object; and

means, resbonsive to the location for the block not
including any portion of a previously established

. lock region, for establishing a lock region from
the block in the location.

A multi-media collab_orétive computer based slystem for
protecting user selected 1lock regions in éfshared
data object .as set forth in Claim 7, and fur-
ther comprising: '

means for relea51ng a lock region through azcursor
assigned to the establlshlng user of the l'OC'k re-
gion.

A'multi-media collaborative computer based syétem for
protecting user selected lock regions in a shared
data object as set forth in Claim 4, and further
comprising:

means for serializing user requests entered through
the user input devices.

A multi-media collaborative computer based system for

protecting user selected lock regions in a shared

o
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-data_ object from manipulation originating from
more than one user as set forth in Claim 5,
further comprising:

xﬁe'a_ns for changing a visual attribute of each lock
region to . distinguish the lock region  from re-
maining portions of the shared- data- object and to
identify the establishing user of the lock region.

8. A multi-media. collébor'ative computer based system
for protecting user selected ' lock feqions in a
shared data object from manipulation originating
from more than one  user as set forth in
Claim 6, further comprising:

first means for determining whether a current user
request initiates modification of the shared data
object; ' o

second means, responsive to a positive determination
by the first determining means, for determining if
the modification would occur within a lock region
established by a user other than the current user;

means, responsive to a positive determination by the
second determining means, for blocking the modifi-

cation and warning the current user; and

means, responsive to a negative determination by the
second determining means, for entering the modifi-
cation.
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