Motorola Mobility, Inc. v. Microsoft Corporation Doc. 123 Att. 12

Dockets.Justia.com


http://dockets.justia.com/docket/florida/flsdce/1:2010cv24063/368653/
http://docs.justia.com/cases/federal/district-courts/florida/flsdce/1:2010cv24063/368653/123/12.html
http://dockets.justia.com/

USG05764899A

United States Patent ;g (11 Patent Number: 5,764,899
Eggleston et al. {45] Date of Patent: Jun. 9, 1998
[54] METHOD AND APPARATUS FOR 5,040,141 81991 Yazima et al. cvemsrcorciorsee 364/514 R
COMMUNICATING AN OPTIMIZED REPLY 5,604,788  2/1997 Tett 379/58
[75] Inventors: Gene Eggleston, Cary; Mitch Hansen, ~ Primary Examiner—Ellis B. Ramirez
Fox River Grove; Anthony Rzany, Assistant Examiner—Thomas Peeso
Crystal Lake, all of . Antomey, Agent, or Firm—]. Ray Wood
{73] Assignee: Motorola, Inc., Schaumburg, III. 157 ABSTRACT
For optimized reply. when sending a reply (902) in a first
[21] Appl. No.: 574,737 embodiment a remote communijcation unit’s controller (206)
i generates a delta between a preceding message and the reply
[22] Filea: Dec. 19, 1995 message, and forms an optimized reply (904) using the delta
and an identifier of the preceding message. On receiving the
Related U.S. Application Data optimized reply, the communication server uses the data unit
Lo, identifier to retrieve (910) the preceding message from a
[63] Continuation-in-part of Ser. No. 557,657, Nov. 13, 1995, further server (e.g.. the post office mailbox of the user
[51] Int. CLS GO6F 15/163 associated with the remote unit). reconstructs (914) the full
(574 I ST o A 395/200.33; 348/6; 348/7  reply from the retrieved message and the delta. and forwards
[58) Field of Search ...covecrvcee 364/514 R, 715.02;  (916) the full reply to the addressee. When receiving a reply
348/6, 7, 14, 16; 395/114, 200.33; 3707280,  for the remote unit (918). an index is preferably maintained
353, 355 by both units of mail stored at the remote unit. From this
index a preceding message forming part of the reply is
[56) References Cited identified (920). An optimized reply is then similarly formed
US. B S (922) and sent to the remote unit.
4,994,985 211991 Cree et al. wmmrmommmmrrsvros 364/514 R 12 Claims, 8 Drawing Sheets
100
130
15
COMM HOST/
/| SERVER SERVER




5,764.399

1

METHOD AND APPARATUS FOR
COMMUNICATING AN OPTIMIZED REPLY

The present application is a continuation-in-part of U.S.
application Ser. No. 08/557.657. filed Nov. 13, 1995, entitled
“Method and Apparatus for Virtual Session Communica-
tions” by Gene Eggleston and Mitch Hansen commonly
owned together with this application by Motorola. Inc.

FIELD OF THE INVENTION

The present invention relates to communications and
more particularly an improved method and apparatus for
transferring data in a communications system.

BACKGROUND

The last 10 years have seen a tremendous increase in the
demand for communications services. including both wired
and wireless networks capable of handling data communi-
cations. Unlike real-time voice services, such as standard
telephony or cellular wireless services, in which circuit-
switched communications are used because of the sensitivity
of users to the timing of oral dialogue/voice data, greater
efficiencies can often be achieved in non-voice data com-
munications through the use of packet-switched or hybrid
communications systems. This is particularly the case with
communications to remote users (e.g.. persons sending
messages via one of the well-known available wireless
networks like GSM (Global System for Mobiles) or AMPS

(Advanced Mobile Phone System) cellular), where pro-

tracted circuit-switched sessions into a mail server or LAN
(local area network) could be prohibitively expensive due to
the high per-minute session charges by the wireless service
provider,

One solution to this problem has been for users to limit,
as much as feasible, their communications to sessionless
communications. This can be done. e.g. by subscribing to
additional email services that can receive LAN/WAN (wide
area network) email and send out broadcast pages and
transmissions to registered users, in lien of requiring a user
to maintain a session with a mail server However. this
disadvantageously requires subscription to an additional
service, and i . AT s

Regardless of whether a session-oriented or session-less
communication service is used, it is also desirable to limit
the amount of information communicated between a remote
user and host, both to save off-site user’s time and to limit
the costs arising from the more expensive rates for remote
communications. Unfortunately, typical applications like
email do not provide for user-selected methods for choosing
and limiting the volume of down-loaded communications, or
for filtering uploaded communications. Thus, a user who
wants to receive remote messaging is left with an option of
receiving all his messages, even the ones he or she might
otherwise be willing to leave unread until a later time when
no longer using expensive remote communications services.
Further, many processes, like that of a typical email reply,
are wasteful of bandwidth by resending all earlier messages
each time a new reply is generated, even though the earlier
messages may still be stored at both ends of the wireless
network.
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In addition to the above concerns over how to optimize
the types and amount of data being transferred. there is
additionally a problem in a lack of effective techniques for
monitoring and even controlling an aggregate use of tariffed
networks. While the network service providers have means
for tracking use by an individual unit basis, which is totaled
in periodic billing statements, this information is typically
unavailable to users or their managers/application adminis-
trators. Thus, users and managers are typically left without
any effective means for controlling the level of messaging
during a billing cycle, and can only monitor or react to usage
following the service providers periodic statements.

There remains therefore a need for an improved means for
data communications that solves these and related problems,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a communications system
acoording to a first embodiment of the invention,

FIG. 2 is a block diagram of a communications system
according to a further embodiment of the Invention;

FIG. 3 is a flow chart illustrating virtual session data
transfer between the different functional entities of the
wireless communications system of FIG. 2;

FIG. 4 is a flow chart illustrating a pre-stage filtering
embodiment for data transfer between the different func-
tional entitics of the wireless communications system of
FIG. 2;

FIG. § is a flow chart illustrating one embodiment of
pre-stage filtering for data transfers;

FIG. 6 is a flow chart illustrating another embodiment of
pre-stage filtering for data transfers;

FIG. 7 is a flow chart illustrating a message summariza-
tion and selection embodiment for data transfer between the
different functional entities of the wireless communications
system of FIG. 2;

FIG. 8 is a diagram illustrating an embodiment of a
summary index for use in the process of FIG. 7.

FIG. 9 is a flow chart illustrating an optimized reply
embodiment for data transfer between the different func-
tional entities of the wireless communications system of
FIG. 2; and

FIG. 16 is a flow chart illustrating a rate governor
embodiment 10 for data transfer between the different
functional entities of the wireless communications system of
FIG. 2.

DETAIL DESCRIPTION

These problems and others are solved by the improved
method and apparatus according to the invention. A pres-
ently preferred first main embodiment of the invention is a
system including a virtual session manager (VSM) for
establishing and maintaining a sessionless communication
path with a first data processing device (e.g.. a mobile client)
on the one hand and a session-oriented communication path
with a second data processing device (e.g.. a host system).
The session-oriented communication protocol with the host
system permits remote access to, e.g.. LAN-based
applications, while the virtual session. via a sessionless-
oriented communication protocol, between the VSM and
remote (i.e.. coupled via a tariffed network or connection)
client permits this access to be carried out without the
expense of a dedicated/circuit switched connection.

In a second main embodiment, a prestage filter stage is
provided for applying user-definable filter parameters e.g..
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an appropriate request generated (e-g.. for all selected mail, the reply will require the least bandwidth or transport cost.
for only a partially filtered version (e.g.. truncated. etc.) Thus, for example. a normal reply message to a very short
(steps 720-722). The request is appropnately translated, as message may be selected for transmission where the over-
needed, and head of the deita and message identifier make the optimized
reply bigger than the normal reply message would be.
However. in most instances it is anticipated that the opti-
mized reply will be smaller than a normal reply message,
providing significant savings to the client in time and costs.
‘When the optimized reply is received at the QM of the
communication server. a determination is made on whether
to reconstruct the normal reply message (i.e. form a replica
reply) or to forward the optimized reply. based on known
parameters (if any) of the target communication unit/client.
Thus, for example, where both the originating and target
clients are active and served by the same communication
server and thus are koown to have optimized reply
capabilities. and the target client was an addressee or origi-
nator of the preceding message identified by the message
identifier of the optimized reply. a reconstructed reply is not
ince the precedmg ‘message is either in the
utbox -of ‘the target unit. the target umit can
reply message from the identified mail in its
the: delta“‘ This advantageously allows band-
“both. the sending an target

As with prestage filtering, one skilled in the art will
appreciate that many more filterable attributes and summary
inputs are possible than those described. and which ones are
available will depend on such factors as the desired
functionality, complexity, and application(s) (including fil- 55 i
terable features) for which the select and summary index is
being used. The index structure may thus similarly vary
significantly, as will the means for achieving similar indices
for both the client and communication server; in other
words. while one could simply periodically forward the :
whole index, where practical any one of a number of known
delta (e.g.. data representing the content difference between
two files) or other update approaches for communicating
less than the whole index are Likely more preferable. What
is significant no matter the particular design approach ;
selected, is that a summary index, showing unprocessed or
partially processed data (e.g., that filtered), is available to a
client for determination on whether to process the data
further with a substantially identical index being retained at
the communication server in order to further reduce trans- 35

Vi -+ PIS

: dentifier for emaxl systems Howevcr where this
s unique number is unavailable other identifiers may be used,

nmunication: systems. including author, date and/or subject matches Further, for
Starting from a client perspective- the process of FIG. 9 some messages it may even be advantageous to use other
commences with a client formulating a reply to a received  relatively unique values, such as CRC or other values. by
mall message, much as he or she would for any typical email so themselves or together with other identifiers. It is relatively
application (step 902). However. when the user executes the unimportant for purposes of the invention what the identifier
reply, e.g.. by clicking on a send button. the client controller is. as long as it is useful within the accuracy demanded by
(201 of FIG. 2) optimizes the reply message by calculating the system design for retrieving the correct preceding mes-
a delta or difference., using any appropriate delta routine. sage.

between the reply message and the preceding message. This 55  Once the preceding message has been received by the
delta is then formed into an optimized reply along with a communication server. it uses a counterpart delta routine to
message/data unit identifier for the preceding message/data that of the client to reconstruct a replica of the reply message
unit (preferably the mail serial number, although any retriev- from the delta of the optimized reply and the retrieved copy
able identifier of the preceding message may be used, such of the preceding message. Once reconstructed, the reply
as header information, or even a CRC (cyclic redundancy 60 message is forwarded to the target unit(s), as well as to the
check) value) (step 904). To ensure that only the shortest outbox or sent mail folder of the client’s post office box
message is being sent, the controller additionally compares (steps 914-916). While some additional processing and
the reply message with the optimized reply to determine network traffic is required between the communication
which is optimum for transmission (step 906). This deter- server and host, this is relatively inexpensive compared to
mination may be made based on a comparison of the 65 the savings achieved by using an optimized reply over the
message sizes, compressed and formatted message sizes or tariffed network between the communication server and
any other convenient means for estimating which version of  client,
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processed for approval. If approved. the administrator would
notify the communication server to adjust the use limit by a
specified amount. Alternatively, if there is no system
administrator, but charges or debits are handled through a
communication server service provider, the client may send
any appropriate authorization for additional charge/debit to
the communication server (e.g.. by sending an encrypted
account number and identifying information like a PIN
(personal identification number). Once the charge or debit is
processed and approved to the service provider's
satisfaction, the amount of charge or debit would be used to
adjust the use limit A notification would also be forwarded
to the client of the new use limit, with the client PRG being
updated accordingly (steps 970-978).

In addition to updating the use limit in response to a user
or administrator request, the rate govermor can also be
advantageously set to automatically update the use limits
upon the occurrence of a predetermined update event. Thus,
for example, where billing and budgeting is done on a
monthly cycle, and the administrator has set rate governor
preferences so as to automatically reset the use limit on the
first day of the next billing cycle, the communication server
will automatically reset the client use limit at the specified
time and in the specified amount (step 992).

Moreover. in order to achieve an even more accurate
billing control, the communication server could be couple
with the tariffed network service provider(s) so as to receive
periodic charge staterments for client data traffic, as well as
updates for tariff rates. etc. In order to take advantage of
these statements, a billing index would be maintained for
each client estimating use and charges for each data transfer.
Upon receiving the periodic charge statement (e.g. for-
warded once a day during an administrative window) the
estimated use entries are replaced by the actual use and
charges from the statement, and the client profile (and
object, if active) is updated to reflect a corrected use limit,
etc. The administrator is notified, and the client is notified
upon the next transaction, of the updated amount. If desired,
the client or administrator can request a download of the
current billing index showing the most recent estimated and
actual charges (steps 986-999).

Finally, one should appreciate that the above process is
equally applicable to groups as well as to individual clients.
Thus. the PRG can advantageously be used to set use limits
for groups and supergroups of users, as well as for individual
clients as described above. Thus. where one of the applica-
tions being used is groupware, as opposed to the email
example described above, different groups can be assigned
group use limits for groupware data transfers (while retain-
ing individual use limits for separate email or data transfers,
etc.). To avoid one or two users exhausting the group’s
authorized limit. individual use limits can still be set for each
client. although with more flexibility, e.g., to draw on unused
group time before requiring additional allocation from an
administrator, to permit another user of the group to yield a
portion of its individual use limit, etc. As should be apparent,
many variations exist on how the rate governor is structured,
depending on the applications being used, clients and groups
operating, the interactivity with service providers, complex-
ity or simplicity desired, and many other related and unre-
lated factors.

One skilled in the art will appreciate that there are many
variations that are possible for the present invention, only a
limited number of which have been described in detail
above. Thus, for example, while the embodiments above
describe application to clients communicating in certain
systems. one should appreciate that it has application to any
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communication system. wired or wireless, client-server,
distributed or other networks the i
remote from a host.

gES

oreover, while processor 206, con-
troller 229, timers 205 and 224. data stores 211 and 228, and
other circuits, are described in terms of specific logical/
functional/circuitry relationships, one skilled in the art will
appreciate that such may be implemented in a variety of
ways, preferably by appropriately configured and pro-
grammed processors, ASICs (application specific integrated
circuits), and DSPs (digital signal processors. but also by
hardware components, some combination thereof, or even a
distributed architecture with individual elements physically
separated but cooperating to achieve the same functionality.
Thus, it should be understood that the invention is not
limited by the foregoing description of preferred
embodiments, but embraces all such alterationms,
modifications, and variations in accordance with the spirit
and scope of the appended claims,

We claim:

1. A system for communicating reply data width a com-

munication unit comprising:

a communication server, in communication with the com-
munication unit, comprising a data transfer manager
operable for receiving an optimized reply comprising a
first data unit identifier and further data, forming a
replica reply from the further data and a first data unit
corresponding to the first data unit identifier, and for-
warding the replica reply;

a host server, in communication with the communication
server, comprising a store for storing the first data unit
and being operable for, in response to a request for the
first data unit by the communication server, forwarding
the first data unit to the communication server, wherein
the store comprises a mailbox of a user associated with
the communication unit, the first data unit is a first
email sent to the communication unit and having an
associated first data identifier, the reply data is a reply
email of the communication unit, the further data
comprises a delta between the first email and the reply
email, and the replica reply is a replica of the reply
email,

2. A system for communicating reply data with a com-

munication unit comprising:

a communication server, in communication with the com-
munication unit, comprising a data transfer manager
operable for receiving an optimized reply comprising a
first data unit identifier and further data, forming a
replica rely from the further data and a first data unit
corresponding to the first data unit identifier, and for-
warding the replica reply,

a host server, in communication with the communication
server, comprising a store for storing the first data unit
and being operable for, in response to a request for the
first data unit by the communication server, forwarding
the first data unit to the communication server, wherein
the store comprises a client-server program file
memory. the first data unit is a first file version sent to
the communication unit and having an associated first
data identifier, the reply data is a revised file version
generated by a user associated with the communication
unit, the further data comprises a delta between the first
file version and the revised file version. and the replica
reply is a replica of the revised file version.
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OBJECT-ORIENTED SOFTWARE BACKGROUND OF THE INVENTION
ARCHITECTURE SUPPORTING

INPUT/OUTPUT DEVICE INDEPENDENCE

means for converting “real” input into virtual input, and
means for converting virtual output into “real” output.

It is known in the data processing arts to couple a wide
assortment of input and output devices to a data processing
system for the purpose of providing an appropriate human

This application is a continuation of prior application 5 | A
interface. Such devices may take the form of keyboards of
Ser. No. 000,619, filed Jan. 5, 1987 now abandoncd. varying manufacture, “mice”, touch-pads, joy-sticks, light
RELATED INVENTIONS pens, video screens, audio-visual signals, printers, etc.
. L. L Due to the wide variety of I/O devices which can be
_ The present invention is related to the following inven- . utilized in the human/computer interface, it would be very
tions, all filed on May 6, 1985, and all assigned to the  desirable to isolate the human interface software from
assignee of the present invention: specific device types. The IO should be independent of any
1. Title: Nested Contexts in a Virtual Single Machine particular “real’ devices.
I;“ﬁg‘f}?g?g; Kun, l‘;ra.t:ik K(c)llmck, Bruce Mansfield There is thus a need for a computer human interface
;fi,.ﬂ . Computer xéowta anwf:;xen Resid Tr 15 which performs FQ operations in an abstract sense, inde-
- Title: Computer System Wi ata Residence Transpar- pendent of particular “real” devices.

ency and Data Access Transparency
Inventors: Andrew Kun, Frank Kolnick, Bruce Mansfield
Ser. No.: 730,929 (now abandoned) and Ser. No. 07/110,614 BRIEF SUMMARY OF INVENTION

filed on Oct. 14, 1987 and now abandoned {continuation) 2 Accordin ios . : .

. " A rdingly, it is an object of the present invention to
3. ;“1313 Network Interface Module With Minimized Data provide a data processing system having an improved
atns . . human interface.
Inventors: Bernbard Weisshaar, Michael Barnea R . . . .
Ser. No.: 730,621, now U.S. Pat. No. 4,754,395 It is also an objcct of the present invention to prow.dc an
4. Tite: Method of Inter-Process Communication in a Dis- improved human interface system which performs input/
iributed Data Processing System 2 output operations in an abstract sense, independent of any
Inventors: Berhard Weisshaar, Andrew Kun, Frank  Particular VO devices.

Kolnick, Bruce Mansfield 1t is another object of the present invention to provide an
Ser. No.: 730,892, now U.S. Pat. No. 4,694,396 improved human interface system in which any type of
5. Title: Logical Ring in a Virtal Single Machine “real” input and output devices may be employed, and in
Inventor: Andrew Kun, Frank Kolnick, Bruce Mansficld  ° which /O devices may be connected to and disconnected
Ser. No.: 730,923 (now abandoned) Scr, No. 183,469 filed  from the data processing system without disrupting process-

on Apr. 13, 1988 and now U.S. Pat. No. 5,047,925 ing operatons.

(continuation) These and other objects are achieved in accordance with
6. Title: Virtual Single Machine With Message-Like Hard- 4 & preferred embodiment of the invention by providing a

ware Interrupts and Processor Exceptions virtual input interface in a data processing system, such
Inventors: Andrew Kun, Frank Kolnick, Bruce Mansfield interface comprising means for accepting input from at least
Ser. No.: 730,922 now U.S. Pat. No. 4,835,685 one physical device, means for converting the physical

The present invention is also related to the following device input into virtual input, and means responsive to the
inventions, all filed on even date herewith, and all assigned ,, virtual input for performing processing operations upon the
to the assignee of the present invention: virtual input.

7. Title: Computer Human Interface Comprising User-Ad-

o \j/g:z[:)?el?\r?nrllf?{z Ii"g:kDisplaying or Printing Information BRIEF DESCRIPTION OF THE DRAWINGS

Ser. No.: 000,625 now abandoned 45 The invention is pointed out with particularity in the
8. Title: Computer Human Interface With Multi-Application appended claims, However, other features of the invention

Display will become more apparent and the invention will be best
Inventor; Frank Kolnick understood by referring to the following detailed description
Ser. No.: 000,620 now abandoned in conjunction with the accompanying drawings in which:
9. Title: Self-Configuration of Nodces in a Distributed Mes- o, FIG. 1 shows a representational illustration of a single

sage-Bascd Operating System network, distributed message-based data processing system
Isnve?qton (()}anbg; 1Snnm' U.S. Pat. No. 5.165.018 of the type incorporating the present invention.

" Ser. No.: now U.S. Pat. No. - : : ;
S - e FIG. 2 shows a block diagram illustrating a multiple-
10. Title.v Pr%cess Traps in 2 Distributed Message-Based network, distributed message-based data processing system

Operating ystem 55 of the type incorporating the present invention.

Inventors: Gabor Simor N .
Ser. No.: 000,624 now abandoned FIG. 3 shows an architectural model of a data processing
Tk Comps Tl s st e e 970 0 T e
endent Active Pictures and Windows -
Imlf]entor: Frank Kolnick 60 and processes as they relate to the present invention.
Ser. No.: 000,626, now abandoned FIG. 5 shows how messages may be sent beiween pro-
cesses within nested contexts.

TECHNICAL FIELD FIG. 6 shows a standard message format used in the

This invention relates gencrally to digital data processing, distributed data proccssmg systf:m of the prefsem mverfuon.
and, in particular, to & human intcrface systcm providing 65  FIG. 7 shows the relationship between pictures, views,

and windows in the humman interface of a data processing
system of the type incorporating the present invention.
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FIG. 8 shows a conceptual view of the different levels of
human interface within a data processing system incorpo-
tating the present invention.

FIG. 9 illustrates the relationship between the basic

4

LAN 1 is additionally coupled to a third local area
network LAN 3 via ICM 52. A process controller 55 is also
coupled to LAN 1 via ICM 54.

A representative node N (7, FIG. 2) comprises a processor

human interface components in a typical working environ- 5 24 which, in a preferred embodiment, is a processor from the
ment, Motorola 68000 family of processors. Each node further

FIG. 10 shows the general structure of a complete picture includes a read only memory (ROM) 28 and a random
clement. acﬁess mimlgrzrf (R_Al\&) 351 In addmg;:, eac}l node mc]u(;l;:s

FIG. 11 shows the components of a typical screen as , 2 Network Interface Module (NIM) 21, which connects the
contained within the human interface system of the present ° ﬁgg: ttg ?giﬁaﬁgﬁgﬁ;ﬁfgé whxc'hec(ampl.es‘élh;
inveation. - While a mini
mw;:InG 0;2 h how th ) node is capable of supporting two peripheral devices, such

el “; t"ws :r‘;t © conso °‘m‘t‘“ag‘3’ Operates upon  a¢ an Operator Display Module (ODM) 41 and an /O
virtual input to generate "“‘“al_ outpul. Module 44, additional devices (including additional proces-

FIG. 13 shows how virtual input is handled by the console 15 sors, such as processor 27) can be provided within 2 node
manager. Other additional devices may comprise, for example, a

FIG. 14 shows how virtual input is handled by the picture printer 42, and a mass-storage module 43 which supports a
maunager. hard disk and a back-up device (floppy disk or streaming

OVERVIEW OF COMPUTER SYSTEM p 2HC drive).

. . . . . The Operator Display Module 41 provides a keyboard and
_ The present invention can be implemented cither in 2 screen to enable an operator to input information and receive

single C.PU data processing system or in a distributed dfata visual information.
processing system _that is, two or more data processing While a single node may comprise all of the above units,
systems (cach having ar least one pracessor) .WhICh are s inthetypical user application individual nodes will normally
capable of functioning md«;spendently but which are so be dedicated to specialized functions, For example, one or
coupled as to send and receive messages to and from one more mass storage nodes may be set up to function as data
another. . L base sérvers. There may also be several operator consoles

A Local Asea Network (LAN) is an example of a distrib- and at least one node for generating hard-copy printed
uted data processing system. A typical LAN compriscs a - output. Either these same nodes, or separate dedicated
nx{n}bcr of autonomous data processing “nodes”, each corn- nodes, may execute particular application programs.
prising at least a processor and memory. Fach node is The system is particularly designed to provide an inte-
ga;petxlblclof cgétid'ucung d:ta %mc.“smg ;’pctaﬁons indepen- 404 solution for office or factory automation, data acqui-

ndy. In addition, each node is coupled (by appropriate Gy, and other real-time applications. As such, it includes
means such as a twisted wire pair, coaxial cable, fiber optic a full complement of services, such as a graphical output,
cable, etc.) to a network of other nodes which may be, for » windows, menus, icons, dynan,ﬁc displays, electronic mail,
exan}gle, a loop, star, tree, etc., depending upon the design  oyeny recording, and file management. Software develop-
considerations. . ment features include compilers, a window-oriented editor,

With reference to FIG. 1, a distributed computer configu- 5 debugger, and performance-monitoring tools.
ration is shown comprising multiple nodes 2-7 (nodes) .,
loosely coupled by a local area network (LAN) 1. The LOCAL AREA NETWORK
number of nodes which may be connected to the network is i .
arbitrary and depends upon the user application. Each node Flgh; local gre.a network, as dePItCthed mde‘m:krc FIG. !b?f
comprises at least a processor and memory, as will be - 2, lies the cntire system together and makes possibie
discussed in greater detail with reference to FIG. 2 below. In ,,  the distributed virtual machine model described below. The
addition, each node may also include other units, suchasa ~ LAN provides high throughput, guaranteed response, reli-
printer 8, operator display module (ODM) 9, mass memory ability, and low entry cost. The LAN is alsp autonomous, in
module 13, and other /O device 10. the sense that all systemn and applications software is

With reference now to FIG, 2, a multiple-nctwork dis- unaware of its existence. For example, any Network Inter-
tributed computer configuration is shown. A first local area g iiiiioxorgulg ﬁfle.i'n N:(]:/;m?alr’c (ilh?:: tzgm?;x‘;ltdwﬁiihr;geaggd
network LAN 1 comprises several nodes 2,4, and 7, LAN 1 Srives i writing any ¥
is coupled to a second local area network LAN 2 by means vesit. ) ) . .
of an Intelligent Communications Module (ICM) 50. The - The LAN interconmection medium may be twgtefi-pau or
Intelligent Commurnications Module provides a link  coaxial cable. Two channels (logically, two distinct net-
between the LAN and other networks and/or remote pro- ss Works) may be prOVIded for rehablhty and for increased
cessors (such as programmable controllers). throughput.

LAN 2 may comprise several nodes (not shown) and may The LAN architecture is a logical ring, in which an
operatc under the same JAN protocol as that of the present  clectronic “token” is constantly passed from node to node at
invention, or it may operate under any of several commer-  high speed, The current holder of the token may use it to
cially available protacols, such as Ethernet; MAP, the Manu- 6o send a “frame” of data or may pass it on to the next node in
facturing Automation ?rotocol of General Motors Corp:; the ring. The N_IM‘ODIY n.eeds to know fhe 108}031 address
Systems Network Architecture (SNA) of International Busi- ~ and status of };Sﬂ }tmxflclli}at_etgé tucgeggﬁ nsgl}b?lr- Th?
ness Machines, Inc.; SECS-II; etc. Each ICM 50 is pro- NIM's responsibility is limi 0 del g the Ialure O
grammable for carrying out one of the abovc_mcnﬁfmd that neighbor or the inclusion of a new neighbor. In general,
specific protocols. In addition, the basic processing module 65 adjustment to failed or newly added nodes is aulomatic.

of the node itself can be used as an intelligent peripheral
controller (IPC) for specialized devices.

The network interface maps directly into the processor’s
memory. Data exchange occurs through a dual-ported buffer
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pool which contains a linked list of pending “‘frames”
Logical messages, which vary in length, are broken into
fixed-size frames for transmission and are reassembled by
the receiving NIM. Framcs arc scquence-numbered for this
purpose. If a frame is not acknowledged within a short
period of time, it is retransmitted a number of times before
being treated as a failure.

As described above with reference 10 FIG. 2, the LAN
may be connected to other LAN's operating under the same
1L.AN protocol via so-called “bridgeways”, or it may be
connecied to other types of LAN’s via “gateways”.

SOFTWARE MODEL

The computer operating system of the present invention
operates upon processes, messages, and contexts, as such
terms are defined herein. Thus this operating system offers
the programmer a hardware abstraction, rather than a data or
control abstraction.

A “process”, as used within the present invention, is
defined as a self-contained package of data and executable
procedures which operate on that data, comparable to a
“task” in other known systems. Within the present invention
a process can be thought of as comparable to a subroutine in
terms of size, complexity, and the way it is used. The
difference between processes and subroutines is that pro-
cesses can be created and destroyed dynamically and can
execute concurrently with their creator and other “subrou-
tines”.

‘Within a process, as used in the present invention, the data
is totally private and cannot be accessed from the outside,
i.e., by other processes. Processes can therefore be used to
implement “objects™, “modules”, or other higher-level data
abstractions. Each process execcutes scquentially. Concur-
rency is achieved through multiple processes, possibly
executing on multiple processors.

Every process in the distributed data processing system of
the present invention has a unique identifier (PID) by which
it can be referenced. The PID is assigned by the system when
the process is created, and it is used by the system to
physically locate the process.

Every process also has a non-unique, symbolic “name”,
which is a variable-length string of characters. In general,
the name of a process is known system-wide. To restrict the
scope of names, the present invention utilizes the concept of
a “context”.

A “context” is simply a collection of related processes
whose names are not known outside of the context. Contexts
partition the name space into smaller, more manageable
subsystems. They also “hide” namcs, ensuring that pro-
cesses contained in them do not unintentionally confiict with
those in other contexts.

A process in one context cannot explicitly communicate
with, and does not know about, processes inside other
contexts. All interaction across context boundaries must be
through a “context process”, thus providing a degrec of
security. The context process often acts as a switchboard for
incoming messages, rerouting them to the appropriate sub-
processes in its context.

A context process behaves like any other process and
additionally has the property that any processes which it
creates are known only to itself and to each other. Creation
of the process constitutes definition of a new context with
the same name as the process.

Any process can create context processes. Bach new
context thus defined is completely contained inside the
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context in which it was created and therefore is shielded
from outside reference. This “nesting” allows the name
space to be structured hierarchically to any desired depth.

Conceptually, the highest level in the hierarchy is the
system itself, which encompasses all contexts. Nesting is
used in top-down design to break a system into components
or “laycrs”, where cach layer is more detailed than the
preceding one. This is analogous to breaking a task down
into subroutines, and in fact many applications which are
single tasks on known systems may translate to multiple
processes in nested contexts.

A “message” is a buffer containing data which tells a
process what to do and/or supplies it with information it
needs to carry out its operation. Each message buffer can
have a different length (up to 64 kilobytes). By convention,
the first ficld in the message buffer defines the type of
message {(e.g., “read”, “print”, *‘status”, “event”, etc.).

Messages are queved from one process to another by
name or PID. Queuning avoids potential synchronization
problems and is used instead of semaphores, monitors, etc.
The sender of a message is free to continue after the message
is sent. When the receiver attempts to get a message, it will
be suspended until one arrives if none are already waiting in
its queue. Optionally, the sender can specify that it wants to
wait for a reply and is suspended until that specific message
arrives. Messages from any other source are not dequeued
until after that happens.

Within the present invention, messages are the only way
for two processes to exchange data. There is no concept of
a “global variable”. Shared memory arcas are not allowed,
other than through processes which essentially “manage”
each area by means of messages. Messages are also the only
form of dynamic memory that the system handles. A request
to allocate memory therefore returns a block of memory
which can be used locally by the process but can also be
transmitted to another process.

The context nesting level determines the “scope of refer-
ence” when sending messages between processes by name.
From a given process, a message may be sent to all processes
at its own level (i.e., in the same context) and (optionally) to
any arbitrary higher level, The contexts are searched from
the current context upward entil 2 match is found. All
processes with the given name at that level are then sent a
copy of the message. A process may also send a message to
itself or to its parent (the context process) without knowing
either name explicitly, permitting multiple instances of a
process to exist in different contexts, with different names.

Sending messages by PID obviates the need for a name
search and ignores context boundarics, This is the most
cfficient method of communicating,

Processes are referenced without regard to their physical
location via a small set of message-passing primitives. As
mentioned earlier, every process has both a unique system-
generated identifier and a not necessarily unigue name
assigned by the programmer. The identifier provides quick
direct access, while the name has a limited scope and
provides symbolic, indirect access.

‘With reference to FIG, 3, an architectural model of the
present invention is shown. The bottom, or hardware, layer
63 comprises a number of processors 71-76, as described
above. The processors 71-76 may exist physically within
one or more nodes. The top, or sofiware, layer 60 illustrates
a number of processes P1--P10 which send messages m1-mé
to each other. The middle layer 61, labelled ‘*‘virtual
machine”, isolates the hardware from the software, and it
allows programs to be written as if they were going to be
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executed on a single processor. Conversely, programs can be
distributed across multiple processors without having been
explicitly designed for that purpose.

THE VIRTUAL MACHINE

As discussed earlier, a “process” is a self-contained
package of data and executable procedures which operate on
that data. The data is totally private and cannot be accessed
by other processes. There is no concept of shared memory
within the present invention. Execution of a process is
strictly sequential. Muliiple processes execute concurrently
and must be scheduled by the operating system. The pro-
cesses can be re-entrant, in which case only one copy of the
code is loaded even if multiple instances are active.

Bvery process has a unique “process identifier number”
(PID) by which it can be referenced. The PID is assigned by
the system when the process is created and remains in effect
until the process terminates. The PID assignment contains a
randomizing factor which guarantees that the PID will not

15

8

name. Once the desired function (such as a window or file)
is “opened”, the user process and the service communicate
directly via PID’s.

A “message” is a variable-length buffer (limited only by
the processor’s physical memory size) which carries infor-
mation between processes. A header, inaccessible to the
programmer, contains the destination name and the sender’s
PID. By convention, the first field in a message is a null-
tcrminated string which defines the type of message (e.g.,
“read”, “status”, etc.) Messages are queuned to the receiving
process when they are sent. Quening ensures serial access
and is used in preference to semaphores, monitors, ete.

Messages provide the mechanism by which hardware
transparency is achieved. A process located anywhere in the
system may send a message 1o any other process anywhere
else in the system (even on another processor) if it knows the
process name. This means that processes can be dynamically
distributed across the system at any time to gain optimal
throughput withont changing the processes which reference

20 . T 2, . N
be re-used in the near future. The contents of the PID are them. Resolution of destinations is done by searching the
irrelevant to the programmer but are used by the virtual process name space. X . L
machine to physically locate the process. A PID may be Transparency applies with some restrictions across
thought of as a “pointer” to a process. bridgeyvays' i.e., the interfaces betweep LAN's operating
Every process also has a “name” which is a variable- 25 under identical net_worl:hprc_)toc:fls) ang,mgenelrdaikn’ot atall
length string of characters assigned by the programmer. A across ggtcv;%"s (ie., the ”l‘:c aces h et‘viveen " § oper-
name need not be unique, and this ambiguity may be used gtmg :jm ier 1Hercn[ netvtkg)r pml;:ico 5) Que Lo pe deormgx_lce
to add mew services transparently and to aid in fault- cgradation. Fowever, they could S0 operate, depending
tolerance. upon the required level of performance.
FIG. 4 illustratcs that the system-wide name space is 30
partitioned into distinct subsets by means of ‘“‘contexts”
identified by reference numerals 90-92. A context is simply INTER-PROCESS COMMUNICATION
a collection of related processes whose names arc notknown All inter-process communication is via messages. Conse-
outside of the context. Context 90, for example, contains quently, most of the virtual machine primitives are con-
processes A, 4, a, b, ¢, d, and e. Context 91 contains 35 cemed with processing messages. The virtual machine ker-
%roccsseé B, 3 b, ¢, and f. And context 92 contains processes nel primitives are the following:
> 3, G, d, and x. ALLOC—requests allocation of a (message) buffer of a
One particular process in each context, called the “context given siz:? £ .
process”, is known both within the context and within the 40  FREE—requests deallocation of a given message buffer.
immediately enclosing one (referred to as its “parent con- PUT. d iven destination (b
text™). In the example illustrated in FIG, 4, processes A-C Plg_en amessage 10 a given nation (by name or
are context processes for coniexts 90-92, respectively. The )- . . .
parent context of context 91 is context 90, and the parent GET—wait for and dequeue the next incoming message,
context of context 92 is context 91. Conceptually, the optionally from a specific process (by PID).
context process is located on the boundary of the context and 45 FORWARD—pass a received message through to another
acts as a gate into it. process.
Processes inside context 92 can reference any processes CALL—send a message, then wait for and dequeue the
inside contexts 90 and 91 by name. However, processes in reply.
context 91 can only access processes in context 92 by going so REPLY—send a message to the originator of a given
through the context process C. Processes in context 99 can message.
ggge :'[c;':zsceg:::e];s:; d“(}: context 92 by going through ANY_MSG—returns “true” if the receive queue is not
. empty, else retums “false”; optionally, checks if any
The function of the context process is to filter incoming mei’gges from a specific PID are queued.
messages and either reject them or reroute them to other 55 To further describe the function of the kernel primitives,
processes in its context. Contexts may be nested, allowing a ALLOC handies all memory allocations. It returns a pointer
hierarchy of abstractions to be constructed. A context must to a buffer which can be used for local storage within the
reside completely on one node. The entire system is treated  process or which can be seat to another process (via PUT,
as an all-encompassing context which is always present and etc.). ALLOC never “fails”, but rather waits until enough
which is the highest level in the hierarchy. In essence, so memory is freed to satisfy the request.
coélw"tihdcﬁh“" local;zed protecﬁ:]n domains 31{11:1 greatly The PUT primitive qucucs a message to another process.
reduce the chances of unintentional naming conflicts. The sending process resumes execution as soon as the
If appropriate, a process inside one context can be “con- message is queued.
nceted” to onc inside another context by exchanging PID’s, FORWARD is used to quickly reroute a message but
once contact has been established through one or the other 65 maintain information about the original sender (whereas

of the context processes. Most process servers within the
present invention function that way. Initial access is by

PUT always makes the sending process the originator of the
message).
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REPLY sends a message to the originator of a previously
received message, rather than by name or PID.

CALL essentially implements remote subroutine invoca-
tions, causing the caller to suspend until the receiver

10

(125), which knows not to send it further on, since it’s been
marked as having already received the message.

Sending messages directly by PID obviates the need for a
name search and ignores context boundaries. This is known

executes 2 REPLY. Subsequently, the replied message is 5 as the DIRECT mode of transmission and is the most
dequeued out of sequence, immediately upon arrival, and the cfficient. For example, process A (111) sends a2 message in

equer P pi¢, p g
caller resumes execution. the DIRECT mode to process y in context 141,

The emphasis is on concurrency, so that as many pro- If a process sends a message in the LOCAL transmission
cesses as possible are executed in parallel. Hence neither mode, it sends it only to a process having the given name in
PUT nor FORWARD waits for the message to be delivered, 10 the sender’s own context.

Conversely, GET suspends a process until a message arrives In summary, including the DIRECT transmission mode,
and dequeues it in onc operation. The ANY MSG primitive there are five transmission modes which can be used with the
is provided so that a process may determine whether there is PUT, FORWARD, and CALL primitives:

anything of interest in the queue before committing itself to ALL—to all processes with the given name in the first
a GET. . o 15 context which contains that name, starting with the

When a message is sent by name, the destination process sender’s context and searching upwards through all

must be found in the name space. The search path is nt co:

> ] > I pare ntexts,
determined by the Jesuing of the contexts in which the LOCAL~—10 all processes with the given name in the
sending process resides. From a given process, a message sender’s context only
can be sent to all processes in its own context or (optionally) 20 NEXT. the mext rc;cess with the siven name in the
to those in any higher context, Refer to FIG. 5. The contexts same ctoomext as thé)sen der. if any: o ‘i rwise its es
are searched from the current one upward until a match is ds throngh all > Y i1 th :
found or until the system context is reached. All processes ‘f’p":ﬁ through all parent COntexts until the name 1s
with the same name in that context are then queued a copy ou . .
of the message. 25 LEVEL—sends to “sclf” (the sending process) or to

For example, with reference to FIG. 5, assume that in “context” (the context process corresponding 1o the
context 141 process y sends a message to ALL processes by sepdg;: s context); “self” cannot be used with CALL
the name Xx. Process y first searches within its own context primitive.

141 but finds no process x. The process y searches within the DIRECT--sent by PID,

next higher context 131 (its parent context) but again finds 30  Messages are usually transmitted by queueing a pointer to
no process X. Then process y searches within the next higher the buffer containing the message. A message is only copied
context 110 and finds a process x, identified by reference when there are multiple destinations or when the destination
numeral 112. Since it is the only process x in context 110, it is on another node.

is the only recipient of the message from process y.

If process a in context 131 sends a message to ALL 35
processcs by the name x, it first searches within its own OPERATING SYSTEM
CORLEXL 13}hiand, ﬁndsr;g 1o plg)cgsses x there, it then The operating system of the prescnt invention consists of
searches W‘; n context 110 and fin lséfrocess . a kernel, which implements the primitives described above,

Assume that process b in context sends a message to plus a set of processes which provide process creation and
:AJ_.L processes by the name A. It would find process A. 11 <o termination, time management (set time, sct alarm, ctc.) and
in context 110, fas well as &mess A (122) which is the  ghion perform node start-up and configuration, Drivers for
context process for context 121, stsels . devices are also implemented as processes (EESP’s), as

A process may 3‘150 send a mes.)s:ge to 1tselt l?r'ttlo its described above. This allows both system services and
col,;fhm process wi o‘gt kpoalwxn:zg elther name exp ‘C‘Ly‘ device drivers to be added or replaced easily. The operating

¢ concept of a “logical ring” (analogous to 2 LAN) 45 ougem a150 supports swapping and paging, although both
allows a message {0 be sent to the NEXT process in the arc invisible to applications software
system with a given name, The message goes to exactly one i ‘s )
process i e seners conters, sk « roses s, IS laown bt compts e, . of b
t . .

T%I:AS-C‘ a? ?na:cel?itnzog::r;maf each NEXT trans- 50 Processto gcsolve names, Name segrcmn" g is confined to the
mission will reach  different process and that eventually 2 kernel, ‘w‘hlch has the advantage of sz.mg much faster. .
transmission will be sent to the logically “first” process (the A minimal bootstrap program resides permanently (in
one that sent the original message) in the ring, completing ~ ROM) on every node, e.g. ROM 28 in node N of FIG. 2. The
the loop. In other words, all processes with the same name bootsu;f ng:im;’e e'xec;tes a,?mm?tw;lly' Whe‘; a ‘2102? 18
at the same level can communicate with each other without 55 POWered up and begins by performing basic on-board diag-
knowing how many there are or where they are located. The nostics. It then attempts to find and start an initial system
logical ring is essential for distributing services such as a f;’dc :éﬂdl_‘;& Thigntgdulg 18 Soug?tkm t}:ietgm df;k‘dﬂ"c gﬂ
data base. The ordering of processes in the ring is not € node, i1 any. erc isn’t a disk, and the node is on the
predictable. golp g LAN, a message will be sent out requesting the module.

For example, if process a (125) in context 121 sends a €0 Failing that, the required software must be resident in ROM.

message to process a using the NEXT primitive, the search
finds a first process a (124) in the same context 121, Process
a (124) is marked as having received the message, and then
process a (124) sends the message on to the NEXT process
a (123) in context 121. Process a (123) is marked as having
received the message, and then it sends the message on to the
NEXT process a, which is the original sender process a

The initialization program of the kernel sets up all of the
kemel’s internal tables and then calls a predefined entry
point of the process.

In general, there exists a template file describing the initial
software and hardware for each node in the system. The
template defines a set of initial processes (usually one per
service) which are scheduled immediately after the node
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start-up. These processes then start up their respective
subsystems. A node configuration service on cach node
sends configuration messages to each subsystem when it is
being initialized, informing it of the devices it owns. There-
aficr, similar messages are sent whenever a new device is
added to the node or a device fails or is removed from the
node.

Thus there is no well-defined meaning for “system up” or
“system down”—as long as any node is active, the system

12

typeface and style for text. Pictures are drawn in a large
“world"” co-ordinate system composed of “virtual pixels”.
Because all data is in the form of pictures, segments of
data can be freely copied between applications, e.g., from a
live display to a word processor. No intermediate format or
conversion is required. One consequence of this is that the
end user or original equipment manufacturer (OEM) has
complete flexibility in defining the formats of windows,
menus, icons, emor messages, help pages, etc. All such
pictures are stored in a library rather than being built into the

as a wholc may be considered to be “up”, Nodes can be shut 10 Software and so are changeable at any time without repro-
down or started up dynamically w1t‘hox‘1t aﬁ'ecupg qther gramming.Accmprehe?;;igve editor is gvailable to deﬁncir:d
nodes on the network. The same principle applies, in a modify pictures on-line
limited sense, to peripherals, Devices which can identify . : o , . :
therselves with regard to type, model number, etc. can be All interaction with the user’s environment is through
added or removed without operator intervention. 15 either "virmal input™ or “virtael output” devices, A virtal
. input device accepts keyboards, mice, light pens, analog
FIG. 6 shows the standard format of a message in a dials, pushbuttons, etc. and translates them into text, cursor-
distributed dz}ta proce ssing system of the type incorpo;ating posit?ioning, acu'm;, dial, switch, and number messages. All
the present invention. .'I'he message ff:rma't, comprises 2 physical input devices must map into this set of standard
mes.sage i.d. portion 150; one or more triples” 151, 1‘533 ang 40 messages. Only one process, an input manager for the
155; gnd an end-of-message portion 160. Each “triple specific device, is responsible for performing the translation.
comprises a group of three fields, such as fields 156-158. Other processes can then deal with the input without being
The first field 156 of “triple” 151, designated the PCRT dependent on its source.
field, represents the name of the process to l‘!t‘. created. The Similarly, a virtual output manager translates standard
second ﬁeld‘157 of ‘mpl.c 151 gives the size of the data g output messages to the physical representation appropriate
field. The third field 158 is the data field. to a specific device (screen, printer, plotier, etc.) A picture
The first field 159 of “triple” 153, designated the PNTF  grawn on any terminal or by a process can be displayed or
field, represents the name of the process to notify when the printed on any device, subject to the physical limitations of
process specified in the PCRT field has been created. that device.
A message can have any number of “triples”, and there 30 With reference to FIG. 7, two “pictures” are illustrated
can be multiple “tn'ples’: in the same message containing picture A (170) and picture B (174).
PCRT and PNTF ﬁc!ds, since several processes may have to The concept of a “view” is used to map a particular
?e created (i.e. forming a context, as described hereinabove) rectangular area of a picture 1o a particular device. In FIG.
or the same resource. 7, picture A is illustrated as containing at least one view 171,
As presently implemented, portion 150 is 16 bytes in 33 ,nd picture B contains at least one view 175. Views can be
]eng!h, field 186 is 4 bthS, field 157 is 4 hytes, field 158 is used, for example’ to pmiﬁon a screen for mu]ﬁp]e appﬁ.
variable in length, and EOM portion 160 is 4 bytes. cations or to extract page-sized subsets of a picture for
printing.
If the view appears on a screem it is contained in a
HUMAN INTERFACE—GENERAL % wwindow”. With reference again to FIG. 7, view 171 of
The Human Interface of the present invention provides a picture A is mapped to screen 176 as window 177, and view
set of tools with which an end user can construct a package 175 of picture B is mapped as window 178.
specific to his applications requirements. Such a package is The Human Interface allows the user to dynamically
referred to as a “metaphor”, since it reflecis the user’s .o change the size of the window, move the window around on
particular view of the system. Multiple metaphors can be ~  the screen, and move the picture under the window to view
supported concurrently. One representative metaphor is, for  different parts of it (i.e., scroll in any direction). If a picture
example, a sofiware development environment. which is mapped to one or more windows changes, all
The purpose of the Human Interface is to allow consistent, affected views of that picture on all screens are automatically
integrated access to the data and functions available in the 59 updated. There is no logical limit to the number or sizes of
system. Since users’ perceptions of the system are based windows on a particular screen. Since the system is distrib-
largely on the way they interact with it, it is important to uted, it’s natural for pictures and windows to be on different
provide an interface with which they feel comfortable. The nodes. For example, several alarm displays can share a
Human Interface allows a systems designer to create a single, common picture.
model consisting of objects that are familiar to the end user 55 The primary mechanism for interacting with the Human
and a set of actions that can be applied to them. Interface is to move the cursor to the desired object and
The fundamental concept of the Human Interface is that “select” it by pressing a key or button. An action may be
of the “picture”. All visually-oriented information, regard- performed automatically upon selection or by further inter-
less of interpretation, is represented by pictures. A picture action, often using menus. For example, sclecting an icon
(such as a diagram, report, menn, icon, eic.) is defined in 2 60 usually activates the corresponding application immediately.
device-independent format which is recognized and manipu- Selecting 2 piece of text is often followed by selection of a
lated by all programs in the Human Interface and all command such as “cut” or “underline” Actions can be
programs using the Human Interface. It consists of “picture dynamically mapped to function keys on a keyboard so that
elements”, such as “line”, “arc”, and “text”, which can be pressing a key is equivalent to selecting an icon or a menu
stored compactly and transferred efficiently between pro- 65 item. A given set of cursors (the cursor changes as it moves

cesses. All elements have common attributes like color and
fill pattern. Most also have type-specific attributes, such as

from one application picture to another), windows, menus,
icons, and function keys define 2 “metaphor”.
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The Human Interface builds on the above concepts o
provide a set of distributed services. These include elec-
tronic mail, which allows two or more users at different
terminals to communicate with each other in real time or o
queue files for later delivery, and a forms manager for data
entry. A subclass of windows called “virtual terminals™
provides emulation of standard commercially available ter-
minals.

FIG. 8 shows the different levels of the Human Interface
and data flow through them. Arrows 201-209 indicate the
most common paths, while arrows 210-213 indicate addi-
tional paths. The interface can be configured o leave out
unneeded layers for customized applications. The philoso-
phy behind the Human Interface design dictates one process
per object. That is, a process is created for each active
window, picture, input or output device, etc. As a result, the
processes are simplificd and can be distributed across nodcs
almost arbitrarily.

MULTIPLE INDEPENDENT PICTURES AND
WINDOWS

A picture is not associated with any particular device, and
itis of virtuaily unlimited size. A “window” is used to extract
a specified rectangular area-—called a “view”—of picture
information from a picture and pass this data to a virtual
output manager. '

The pictures are completely independent of each other.
That is, none is aware of the existence of any other, and any
picture can be updated without reference to, and without
affect upon, any other. The same is true of windows.

Thus the visual entity seen on the screen is really repre-
sented by two objects: a window (distinguished by its frame
title, scroll bars, cte.), and a picture, which is (partially)
visible within the boundaries of the window's frame.

As a consequence of this autonomy, multiple pictures can
be updated simultaneously, and windows can be moved
around on the screen and their sizes changed without the
involvement of other windows and/or pictures.

Also, such operations are done without the involvement
of the application which is updating the window. For
example, if the size of a window is increased to look at a
larger area of the picture, this is handled completely within
the human interface.

HUMAN INTERFACE—PRIMARY FEATURES

The purpose of the Human Interface is to transform
machine-readable data into human-readable data and vice
versa. In so doing the Human Interface provides a number
of key services which have been integrated to allow users to
interact with the system in a natural and consistent manner.
These features will now be discussed.

Device Independence—The Human Interface treats all
devices (screens, printers, etc.) as “virtual devices” None of
the text, graphics, etc. in the system are tied to any particular
hardware configuration. As a result such representations can
be entered from any “input” device and displayed on any
“output” device without modification. The details of par-
ticular hardware idiosyncracies are hidden in low-level
device managers, all of which have the same interface to the
Human Interface software,

Picture Drawing—The Human Interface can draw “pic-
tures” composed of any number of geometric elements, such
as lines, circles, rectangles, etc., as well as any arbitrary
shape defined by the user. Each element can have its own
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color and line thickness. In addition, closed figures may be
filled in with a particular shading pattern in any given color,
A picture can be of almost any size. All output from the
Human Interface to a user is via picturcs, and all input from
a user 10 the Human Interface is stored as pictures, so that
there is only one representation of data within the Human
Interface.

Text can be freely intermixed with graphical images, so
that the user need only learn one “editor” to do his job.
Consequently it is not necessary to switch between editors or
“cut and paste” between pictures. Text characters can be
sclected from a large predefined character set, which
includes mathematical and Greek symbols, among others,
and can be typed in a wide variety of fonts, colors, sizes, and
styles (e.g. bold, italic, or underlined), It is also possible for
a user to define his own symbols and add them to the
character set.

Windowing—The Human Interface allows the user to
partition a screen into as many “‘sub-screens” or “windows”
as required to view the information he desires. The Human
Interface places no restrictions on the contents of such
windows, and all windows can be simultaneously updated in
real time with data from any number of concurrently execut-
ing programs. Any picture can be displayed, creaied, or
modified (“edited”) in any window. Also any window can be
expanded or contracted, orit can be moved to a new location
on the screen at any time.

If the current picture is larger than the current window, the
window can be scrolled over the picture, usually in incre-
ments of a “line” or a “page”. It is also possible to tempo-
rarily expand or contract the visible portion of the picture
(“zoom in” or “zoom out™) without changing the window’s
dimensions and without changing the actual picture.

Dialog Management—The Human Interface is indepen-
dent of any particular language or visual representation. That
is, there are no built-in titles, menus, error messages, help
text, icons, ctc. for interacting with the system. All such
information is stored as pictures which can be modified to
suit the end user’s requirements, either prior to or after
installarion. The user can modify the supplied dialog with
his own at any time.

Data Entry—The Human Interface provides a gencralized
interface between the user and any program (such as a data
base manager) which requires data from the user. The
service is called “forms management”, beeaunsc a given data
structure is displayed as a fill-in-the-blanks type of “form”
consisting of numerous modifiable fields with descriptive
labels. The Human Interface form is interactive, so that data
can be verified as it is entered, and the system can assist the
user by displaying explanatory text when appropriate (on
demand or as a result of an crror).

Communication Between Users—The Human Interface
permits two or more users to “converse” with each other in
real time or to send “mail” to each other. Conversation is
performed through a window on each of the user’s screens.
Mail is sent by creating a picture (text and/or diagrams) and
specifying a destination. The destination may be one par-
ticular user, a group of users, or all users in the system (ie.
a “broadcast”). Transmission may be immediate or delayed
until a given date and time or until the given user(s) sign
onto the system. When mail arrives at the destination, the
recciving user is informed and may then read, save, print, or
crase the picture,

Event Management—The Human Interface can record
any arbitrary event for future reference. The Human Intet-
face defines a simple, yet flexible grammar for forming
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“sentences” which describe cvents and which the Human
Interface can use to parse in order to manipulate events for
specific requests. For example, events can be dynamically
displayed on a screen by time and/or priority, or they can be

16
Manager(s)). If any part of the start-up fails, it displays
appropriate “error” text and possibly waits for corrective
action from a user.
The Console Manager views the screen as being com-

scanned for a particular “subject” or “object” or any other s Posed of blagk (unused) space, windows, and icons. When-
attribute. Each event can be time-stamped by the sender; if ever an input character is received, the Console Manager
not, it is automatically time-stamped upon receipt. determines how to handle it depending upon the lacation of
The Human Interface records all of its own actions, such the cursor and the type of g ut., as folloyz s
as printing a report or signing-on a user, and it provides this A Rigiuctsés té)ocrcalte &;ﬁhmnﬁe a v(;mdow arg handlg
service to any applications program. In addition, the Human 10 Wi ‘llx c n‘;o e ager. A window ?ay tiopen_
Interface can be requested to trigger any given action upon gnyw A Bl o cven on top bl o Window
the occurrence of any given cvent, thus providing a kind of ow. A new Picture Manager and possibly a Window
Y Bh » tus p g Manager may be created as a result, and one or more
closed-loop control service to applications. new messages may be generated and sent to them, or
Modularity--The Human Interface comprises a number s the manager(s) may be told to quit.
of scparate software components which can be replicated B. Icons can only be selected, then moved or opened, The
and distributed throughout the hardware configuration ta Console Manager handles selection and movement
achieve optimal performance, For example, each time a new directly. It sends notification of an “open” to the Dialog
“console” (for cxample, keyboard plus screen) is connected Manager, which sends a notification 1o the application
to the system, a new “Console” component is created to 20 process associated with the icon and possibly opens a
manage it. There is no logical limit to the number of default window for it.
consoles that the Human Interfa.ice can handle. In general the €. For window-dependent actions, if the cursor is outside
relevant software component is lo_cated close to the hard- all windows, the input is illegal, and the Console
ware or other resources on which it most depends. Manager informs the user; otherwise the ioput is
25 accepted. Request which affect the window itself (such
HUMAN INTERFACE—BASIC COMPONENTS as “scroll” or “zoom™) arc handled directly by the
Console Manager. A “select” request is pre-checked,
The Human interface comprises the following basic com- the relevant picture elements are selected (by sending a
ponents: message to the relevant Picture Manager), and the
Console Manager—It is the central component of 2 Con- 30 message is passed on to the process currently respon-
sole context and consequently is the only manager sible for the window. All other inputs are passed
which knows all about its particular “console” It is directly to the responsible process without being pre-
therefore aware of all screens and keyboards, all win- checked. . .
dows, and all pictures. Its primary responsibility is to If the cursor is on a window’s frame, the only valid
coordinate the activities of the context. This consists of 35 actions are Lo move, close, or change the dimensions of the
starting up the console (initializing the device manag- window, or select an object in the frame (such as a menu or
ers, etc.) creating and destroying pictares, and allocat- a scroll bar). These are handled directly by the Console
ing and controlling windows for processes in the Manager.
Human Interface and elsewhere, Thus all access to a D. Requests for Human interface services not in the
console must be indirect, through the relevant Console 40 Console context are treated as errors.
Manager. A new window is opened by creating a new Window
The Console Manager also implements the first level of Manager process and telling it its dimensions and the
Human Interface interaction, via menus, prompts, ¢tc., 50 location of its upper left corner on the screen. It must also
that applications processes don’t have to. Rather than using be given the PID of a Picture Manager and the coordinates
buiit-in text and icons, it depends upon the Dialog Manager 45 of the part of the picture it is to display, along with the
to provide it with the visible features of the system. Thus all dimensions of a “clipping polygon”, if that information is
cultural and user idiosyncracies (such as language) are available. (It is not possible to create a window without a
hidden from the rest of the Human Interface. picture.) The type and contents of the window frame are also
A Console Manager knows about the following processes: specified. Any of thesc parameters may be changed at any
the Qutput Manager(s) in its context, the Input Managerin 50 time.
its context, the Window Managers in iis context, the Picture A new instance of a picture is created by creating a new
Managers in its context, and the Dialog Manager in its Picture Manager process with the appropriaie name and,
context, The following processes know about the Console optionally, telling it the name of a “file” from which to get
Manager: any one that wants to. its picture elements. If a file is not provided, an “empty”
‘When a Console Manager is started, it waits for the basic 55 picture is created, with the expectation that picturc-drawing
processes needed to communicate with the user to start up requests will fill it in.
and “sign on”. It this is successful, it is ready to talk to users Menus, prompts, help messages, error text, and icons are
and other processes (i.e., accept messages from the Input simply predefined picturcs (provided through the Dialog
Manager and other processes). All other permanent pro- Manager) which the Console Manager uses to interact with
cesses in the context (Dialog, etc.) are assumed to be 60 users. They can therefore be created and edited to meet the
activated by the system start-up procedure. The “In” and requirements of any particular system the same way any
“Cursor” processes (see “Input Manager” and “Output Man- picture can be created and edited. Menus and help text are
ager” below) are created by the Console Manager at this usually displayed on request, although they may sometimes
time. be a result of another operation.
The Console Manager gencrally clears the entire screen 65  Prompts are displayed when the system needs information

and displays appropriate status text during the course of the
start-up (by sending picture elements directly to its Output

from the user. Error text is displayed whenever the user tries
to do something that is illegal or when the system is having
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problems of its own (e.g. “printer out of paper”). Icons are
displayed by the Console Manager automatically when a
specific frame of reference is requested by the user. The
Consolc Manager may also display informational mcssagces

Any slement can therefore be redefined to “null”, indicating
that it should be ignored for all future processing.

The “null” color (zero) is treated as transparent when used
in either the foreground or the background. Specifically, if

18

existing elements; “copy” or “move” elements to another
location in the same picture or to any other given process;
“group” clements together into one (or “ungroup” them);
“scale” them (i.c. cxpand, streich, or shrink them); and

(such as “console starting up™) which are automatically s ‘“‘rotate” them. It can also be asked to *notify” a particular
erased when the associated action is finished. process if any elements within a given rectangular area (the
Picure Manager—1t is created when a picture is built, and “viewport™) are changed and to determined whether a given
it exits when the picture is no Jonger required. There is one location coincides (or come close to} any element in the
Picture Manager per picture. The Picture Manager con- picture. Any response 1o a request (e.g., muitiple picture
structs a device-independent representation of a picture 10 elements) is sent in a single message.
using a small set of clemental “picture elements” and When an element is sent as the result of an outstanding
controls modification and retrieval of the elements. “notify” request, all elements which overlap it (and all
A Picture Manager knows about the following processes: elements which overlap those elements) are sent as well.
the process which created it, and the Draw Manager. The These are sent together in one message. The background is
following processes know about the Picture Manager: the 15 displayed by generating a “rectangle” element of the same
Console Manager in the same context, and Window Man- size as the current viewport with a null foreground color and
agers in the same context. the appropriate background pattern and color, This element
A Picture Manager is created to handle exactly one is always the lowest level in the picture; i.e., it is sent before
picure, and it need only be created when that picture is all others. All erasure of elememts from a display is accom-
being accessed. It can be told to quit at any time, deleting its 20 plished by “draw” requests which redisplay the background
representation of the picture. Some other process must copy and/or elements in the picture, overwriting the “erased”
the picture 1o a file if it needs to be saved. elements. There is no explicit “erase” request to a window
When a Picture Manager first starts up, its internal picture (or ontput) manager.
is empty. It must receive a “load file” request, or a series of Input Manager—There is one Input Manager per set of
“draw” requests, before a picture is actually available. Until 25 “logical input devices™ (such as keyboards, mice, light pens,
that is done any requests which refer to specific elements or etc.) connected to the system. The Input Manager handles
locations in the picturc will reccive an appropriatc *‘not input intcrrupts and passes them to the consolc manager.
found” status message. Cursor movement inputs may also be sent to a designated
A picture is logically composed of device-independent output manager.
“clements”, such as text, line, arc, and symbol. In general, 30 The Input Manager knows about the following processes:
there is a small number of such elements. Each element the process which initialized it, and possibly one patticular
- consists of a common header, which includes the clement’s QOutput Manager in the same context. The following process
position in the picture’s coordinate system, its color, size, knows about the Input Manager: the Console Manager in the
etc,, and a “value” which is unique to the element’s type same context.
(e.g. a character string, etc.). The header also specifies how 35 An Input Manager is created (automatically, at system
the clement combines with other elements in the picture start-up) for e¢ach set of “logical input devices” in the
(overlays them, merges with them, etc.). A special element system, thus implementing a single “virtual keyboard”
type called “null” is also supported to facilitate the removal There can only be one such set, and therefore one Input
of picture elements from pictures or other similar large lists Manager, per Console context. The sofiware (message)
without forcing time-copsuming compaction procedures. 40 interface to each manager is identical, although their internal

behavior is dependent upon the physical device(s) to which
they communmnicate. All input devices interrupt service rou-
tines (including mouse, digitizing pad, etc.) are contained in
Input Managers and hidden from other processes. When

the foreground color is null, the element itself is not drawn, 45 ready, each Input Manager must send an “I’m here” message
but it may still be filled in. If the background color is null, to the closest process named “Console”.
the element is not filled in. If the shading pattern is null, and An Input Manager must be explicitly initialized and told
the color is not null, the background fill is solid. to proceed before it can begin to process input interrupts.

A picturc is represented in an internal format which may Both of these are performed using appropriate messages.
be different- from the external representation of picture 50 Whichever process initializes the manager becomes tightly
clements and which is, in any casc, hidden from other coupled to it, i.c., they can exchange messages via PID’s
processes. This representation is designed to optimize rather than by name. The Input Manager will send all inputs
retrieval of picture elements, with a secondary emphasis on to this process (usually the Console Manager). This coupling
adding new clements and modifying or crasing old ones. The cannot be changed dynamically; the manager would have to
order in which the elements were originally drawn is pre- 55 be re-initialized, Between the “initialize” and the “proceed”
served (unless explicit “order” requests have been received an Input Manager may be sent one or more “sel” requests to
to rc-arrange them). define its behavior. It docs not need to be able to interpret the

Reqguests to “animate” an element result in the creation of meaning of any input beyond distingnishing cursor from
a separate, local “animate” process which performs the non-cursor. Device-independent parameters (such as pixel
necessary transformations and sends the appropriate 60 size and density) are not down-loaded but rather are
requests (usually “draw” or “erase”) back to the Picture assumed to be built into the software, some part of which, in
Manager periodically. general, must be unique to each type of Input Manager.

A Picture Manager processes incoming requests one at at An Input Manager can be dynamically “linked” to a
time, as it receives them. Each message can change the state particular Output Manager, if desired. If so, all cursor
of the picture for later requests. The Picture Manager 65 control input (or any other given subset of the character set)

supports numerous operations, including the following:
“draw” new elements; “modify”, “overwrite”, or “crase”

will be sent to that manager, in addition to the initializing
process, as it is received. This assignment can be changed or
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cut off at any time. (This is generally useful only if the
output device is a screen.)

In general, input is sent as single “characters”, each in a
single “K” (i.c. keyboard string) message (unbuffered) to the
specified process(es). Some characters, such as “shift one”
or a non-spacing accent, are temporarily buffered until the
next character is typed and are then sent as a pair. Redefin-
able characters, including all displayable text, cursor control
commands, “action keys”, etc. are sent as triples.

New output devices can be added to the “virwal key-
board” at any time by re-imitializing the manager and
down-loading the appropriate parameters, followed by a
“proceed”. All input is suspended while this is being done,
Previously down-loaded parameters and the screen assign-

20

general, must be unique to each type of Qutput Manager.
Things like a screen’s background color and pattern are
down-loadable at start-up time and at any other time.

In general, an Output Manager is driven by “draw”
commands (containing standard picture elements) sent to it
by any process (usually a Window Manager). Iis primary
function then is to translate picture elements, described in
terms of virtual pixels, into the appropriate sequences of
output to its particular device. It uses the Draw Manager to
expand elements into sets of real pixels and keeps the Cursor
process informed of any resulling changes in cursor posi-
tion. It looks up colors and shading patterns in predefined
tables. The “null” color (zero) is interpreted as “draw
nothing” whenever it is encountered. A “clear” request is

ment are not affected. Similarly, devices can be disconnected 15 also supported. It changes a given polygonal area to the
by terminating (sending “quit” requests for) them individu- screen’s default color and shading pattern.
ally. A nonspecific “quit” terminates the entire manager. Any “draw” request can be preceded by a “clip” request.
Where applicable, an Input Manager will support requests *Clip” means “don’t display pixels outside of given poly-
to activate outputs on its device(s), such as lights or sound gon’', i.e. only the logical AND of the polygonal area and the
generators (e.g., a bell). 20 given picture elements is drawn. The clip request applies
The Input Process is a distinct process which is created by only to the next draw request received from the same process
each Console Manager for its Input Manager to keep track and is then discarded.
of the current input state. In general, this includes a copy of “Text” elements arc displaycd by the output device’s
its last input of each type (text, function key, pointer, built-in character generator, if possible. However, most text
number, etc.), the current redefinable character set number, 25 is created from predefined bit-maps which are stored in a
as well as Boolean variables for such conditions as “key- Human Interface library. Different bit~maps exist for various
board locked”, “select key depressed” (and being held combinations of font and size. Sizes which are not explicitly
down), etc. The process is simply named “In”. The Input stored must be calculated from the available bit-maps when
Manager is responsible for keeping this process up-to-date. - required. The style is always gencrated dynamically, i.e., it
Any process may examine (but not modify) the contents of 30 is calculated from the basic bit-map.
“In". Output Managers also accept “K” messages (i.e. keyboard
Output Manager~—There is onc Output Manager per strings) containing cursor movement commands. If the
physical output device (screen, printer, plotter, etc.) con- associated device is a screen, the manager erases the cursor
nected to the system. Each Output Manager converts (and from its current position (if necessary, i.c. if the cursor is not
possibly scales) standard “pictures” into the appropriate 35 supported directly by the hardware) and redraws it in its new
representation on its particular device, location, It uses the Cursor Process to get a symbol element
The Output Manager knows about the following pro- representing the cursor’s current shape and color, and it tells
cesses: the process which initialized it, and the Draw Man- it the new location after it has redrawn the cursor. (The
ager in the same context. The following processes know manager may have to ask its initializing process to redraw
about the Output Manager: the Console Manager inthe same 40 the part of the picture which was previously obscured by the
context, the Input Manager in the same context, and the cursor after it moves it.) If the associated device is not a real
Window Manager in the same context. screen, cursor movement commands are simply ignored,
An Output Manager is created (automatically, at system If possible, an Output Manager should be able to save,
start-up) for each physical ontput device in the system, thus restore, move, and copy reclangular areas of the virtual
implementing numerous “virtual screens™. There can be any 45 screen. These are primarily speed-optimizing operations,
number of such devices per Console context. The software and they need not always be supplied. In general, an Output
(message) interface to each manager is identical, although Manager can be queried for its characteristics, e.g., whether
their internal behavior is dependent upon the physical it supports the above functions, whether it is bit-mapped or
device(s) to which they communicate. All output interrupt character-oriented, the output dimensions (in pixels or char-
service routines (if any) are contained in Output Manager 50 aclers, as appropriate), the physical size, etc.
and hidden from other processes. Each manager also con- The Cursor Process is a distinct process which is created
trols a process called Cursor which holds information con- by each Conscle Manager in its context to keep track of the
cemning its own cursor. When ready, each Output Manager cursor. That process, which has the same name as the screen
must send an “I'm here” message to the closest process (not the QOutput Manager), knows the current location of the
named “Console”. 55 cursor, all of the symbols which may represent the cursor on
An Output Manager must be explicitly initialized and told the screen, which symbol is currently being used, how many
to proceed before it can begin to actually write to its device, real pixels to move when a cursor movement command is
Both of these are performed using appropriate Human executed, ete. It can, in general, be accessed for any of this
Interface messages. Which process initializes the manager information at any time by any process. The associated
becomes tightly coupled to it; i.e, they can exchange 60 Output Manager is the prime user of this process and is
messages via PID's rather than by name. This coupling responsible for keeping it up to date. The associated Input
cannot be changed dynamically; the manager would have to Manager (if any) is the next most common user, requesting
be re-initialized. Between the “initialize” and the “proceed” the cursor’s position every time it processes a “‘command”
an Output Manager may be sent one or more “set” requests input.
to definc its behavior. Device-independent parameters (such 65 Dialog Manager—There is one Dialog Manager per con-

as pixel size and density) are not down-loaded but rather are
assumed to be built into the software, some part of which, in

sole, and it provides access to & library of “pictures” which
define the menus, help texts, prompts, etc. for the Human
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Interface (and possibly the rest of the system), and it handles
the user interaction with those pictures.
‘The Dialog Manager knows about the following pro-
cesses: none. The following processes know about the

22
associated with the element. Typing the given character on
the keyboard has the same effect as selecting the item from
the menu.
The second and third elements in the macro are optional

Dialog Manager: the Console Manager in the same context. 5 and may be represented by null strings (a single null byie)
One Dialog Manager is created automatically, at system if not required. The second element describes the “alternate”
start-up, in each Console context. Its function is to handle all state of the item. It is displayed when the item is selected and
visual interaction with users through the input and output remains in effect until the item is selected again. In other
managers. Its purpose is to separate the external represen- words, the item is toggled between two options. The element
tation of such interaction from its intrinsic meaning. For 10 must contain a tag (as described for the first element) to
example, the Console Manager may need to ask the user identify it. The third element describes the “unavailable”
how many copies of a report he wants. The phrasing of the state of the item, and it is displayed when that particular
question and the response are irrelevant—they may be in option is marked as not being selectable at the time the menu
English, Swahili, or pictographic, so long as the Console is requested, as described below.
Manager ends up with an integral number or perhaps the 15 The last element in the menu picture is a simple text string
response “forget it”. consisting of a pair of characters for each item in the menu.

In general, the Dialog Manager can be requested to load The list describes whether the item is available (can be
(from a file) or dynamically create (from a given specifica- selected) or unavailable and which is its current state (nor-
tion) a picture which represents a menu, error message, help mal or alternate). This list can (and shouid) be changed
(informational) text, prompt, a set of icons, etc. This picture 20 dynamically by messages to the Dialog Manager to reflect
is usually displayed until the user responds. the current options available to the user.

Response to help or error text is simply acknowledgement Icons are small pictures which represent applications or
that the text has been read. The response to a prompt is the services and are organized into sets (or “frames of refer-
requested information. The user can respond to a menu by ence”) of releted functions. A set is a picture composed of
selecting an item in the menu or by cancelling the menu (and 25 “macro” elements, one per icon. Each macro comprises a
thus cancelling any actions the menu would have caused). single “symbol” element (which may itself be a macro) and
Icons can be selected and then moved or “opened”. Opening a text element describing the label to be displayed with the
an icon generally results in an associated application being symbol. The label element may be null. The macro element
un, must be tagged with the name of the process to which

“Selection” is done through an Input Manager which 30 notification is sent when the icon is “opened”, and it must
sends a notification to the Console Manager. The Console specify whether a window should be opened automatically
Manager filters this response through the Dialog Manager before sending the notification.
which interprets it and returns the appropriate parameter in Draw Manager—There is one Draw Manager per console,
a message which is then passed on to the process which and it provides access to a library of “pictures” which define
requested the service. 35 the menus, help, prompts, etc., for the Human Interface (and

All dialog is represented as pictures, mostly in free possibly the rest of the system), and it handles the user
formai. Help and emor dialog are the simplest and are interaction with those pictures.
unstructured except that one ¢lement must be “tagged” to The Draw Manager knows about the following processes:
identify it as the *T have read this text” response target none. The following processes know about the Draw Man-
symbol. The text is displayed unil the user selecis this 40 ager: the Picture Managers in the same coniext, and the
clement, Output Managers in the same context.

Prompts have three tagged elements: one which defines One Draw Manager is created automatically, at system
the response area (i.e., where the user will type the infor- start-up, in each context that requires expansion of picture
mation requested by the prompt), a “cancel” target, and an elements into bit-maps. Its sole responsibility is to accept
“‘enter” target, The prompt is displayed uniil either one of the 45 one or more picture elements, of any type, in one message
latter two elements is selected. The response is returned as and return a list of bit-map (“symbol™) elements correspond-
a text string, with an indication of which target element was ing 1o the figure generated by the clements, also in one
selected. The “response” clement may be omitted, in which message. Various parameters can be applied to each element,
case the prompt is just a question and the response is a most notably scaling factors which can be used 10 transform
simple yes or no (represented by “enter” and “cancel”). 50 an element or to convert virtual pixels to real pixels. The

A menu picture is highly structured. The first element manager must be told to exit when the context is being shut
must be a text element which contains the menu’s title for down.
display and for reference by the software. This may be Window Manager--There is one per current instance of a
followed by an “explanation” element to describe the menu “window"” on a particular screen. A Window Manager is
items. Neither of these elements is selectable. 55 created when the window is opened and exits when the

The memn proper contains a list of “macro” picture window is closed. It maps a given picture (or portion
clements, one per selectable choice or “item”. Each macro thereof) to a rectangular area of a given size on the given
consists of three elements. The first element is mandatory screen; i.e., it logically links a device-independent picture to
and describes the item (via text or a symbol). It must contain a device-dependent screen. A “frame’ can be drawn around
a tag which is what is actually scnt back to the requesting 60 a window, marking its boundaries and containing other
process when the item is selected, along with the item’s information, such as a title or menu, Bach manager is also
ordinal number (1 to n, of there are n items). For example, responsible for updating the screen whenever the contents of
the item element may define an icon, such as a house. The its window changes.
tag might be “H” or “house” or anything else the system The Window Manager knows about the following pro-
designer feels is appropriate. An item number of zero and a 65 cesses: the process that created it; one particular Picture

tag of “NONE” arc scnt if the menu is closed without
selecting any item. A single character may optionally be

Manager in the same context; and onc particular Output
Manager in the same context. The following processes know
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about thc Window Manager: the Consolc Manager in the
same context.

The Window Manager’s main job is to copy picture
clements from a given rectangular arca of a picture to a

picture elements it receives, i.e. it just determines whether
cach clement could appear inside the current clipping poly-

24
gon (which may be smaller than the window at any given
moment, if other windows overlap this one).
A Window Manager can be told to “freeze” (stop updat-
ing) its display and to “unfreeze” it. It can also be asked to

rectangular area (called a “window™) on a particular screen. 5 redraw any given rectangular sub-area of the picture it is
To do so it interacts with exactly one Picture Manager and displaying,.
one Qutput Manager. A Window Manager need only be Window Managers deal strictly in virtual pixels and have
created when a window is “opened” on the screen and can no knowledge about the physical characteristics of the
be told to quit when the windew is “closed” (without screen to which they are writing. Consequently, a window’s
affecting the associated pictare). When opened, the Window 10 size and location are specified in virtual pixels, implying a
Manager must draw the outline, frame, and background of conversion from real pixels if these are different.
the window. When closed, the window and its frame must be Print Manager—There is one per “output subsystem”, i.e.
crased (i.e. redrawn in the screen’s background color and per pool of output devices. The Print Manager coordinates
pattern). “Moving” a window (changing its location on the output to hard-copy devices (i.e. to their Qutput Managers).
screen) is essentially the same as closing and re-opening it. 15 It provides a comprehensive queueing service for files that
A Window Manager can only be created and destroyed by need to be printed. It can also perform some minimal
a Console Manager, which is responsible for arranging formatting of text (justification, antomatic page numbering,
windows on the screen, resolving overlaps, etc. When a headers, footers, etc.)
Window Manager is created, it waits for an “initialize” The Print Manager knows about the following processes:
" message, initializes itself, returns an “I’'m here” message to 20 Output Managers in the same context, and a Picture Man-
the process which sent it the “initialize” message, then waits ager in the same context. The following processes know
for further messages. It does not send any messages to the about the Print Manager: any one that wants to.
Output Manager until it has received all of the following: its One Print Manager is created automatically, at start-up
dimensions (exclusive of frame), the outline line-type, size time, in each Print context. It is expected to accept general
and color, background color, location on the screen, a 25 requests for hard-copy output and pass them on, onc mes-
clipping polygon, scaling factors, and framing parameters. A sage (usually comresponding to one “line” of output) at a
Window Manager also has an “owner”, which is a particular time, to the appropriate Output Manager. It can also accept
process which will handle commands (through the Console requests which refer to files (i.e. to File Manager processes).
Manager, which always has prime control) within the win- Each such message, known as a “spool” request, also
dow. 30 contains a priority, the number of copies desired, specific
Any of the above parameters can be changed at any time. output device requirements (if any) and special form
In general, changing any parameter {other than the owner) requirements (if any).
caunses the window to be redrawn on the screen. Based on these parameters, as well as the size of the file,
A **frame”, which may consist of four components (called the amount of time the request has been waiting, and the
“bars”), one along each edge of the window, may be placed 35 availability of output devices, the Print Manager maintains
around the given window. The bars are designated top, an ordered queue of outstanding requests. It dequeues them
bottom, left, and right. They can be any combination of one at a time, select an Output Manager, and builds a picture
simple line segment, title bar, scroll bar, menu bar, and (using a Picture Manager). It then requests (from the Picture
palette bar. These are supplied to the message as four Manager) and “prints” (plots, etc.) one “page” at a time until
scparate lists (in four separate messages) of standard picture 40 the entire file has been printed.
elements, wheih can be changed at any time by sending a The Print Manager recognizes specially marked
new message referencing the bar. The origin of each bar is (“tagged™) picture elements which define headers, footers,
[0,0] relative to the upper left comer of the window. foot-notes, and page formatting parameters (such as “page
The Console Manager may query a Window Manager for break™, “set page number”, etc.).
any of its parameters, to which it responds with messages 45
identical to the ones it originally received. It can also be HUMAN INTERFACE—RELATIONSHIPS
asked whether a given absolute cursor position is inside its BETWEEN COMPONENTS
window (i.e. inside the current clipping polygon) or its .
frame, and for the cursor coordinates relative to the origin of The eight Human Interface components together provide
the window or any edge of the frame. 50 all of the services required to support a minimal human
A Window Manager is tightly coupled to its creator (a interface. The relationships between them are illustrated in
Console Managcr), Picture Manager, and Output Manager; FIG. 9, which shows at least one instance of each compo-
i.e. they communicate with each other using process iden-  nent. The components represented by circles 301, 302, 307,
tifiers (PID’s). Consequently, a Window Manager must 312, 315, and 317-320 are generally always present and
inform its Picturc Manager when it exits, and it expects the 55 active, while the other components are created as needed and
Picture Manager to do the same. exit when they have finished their specific funtions. FIG. 9
Once the Window Manager knows the picture it is access- is divided into two main contexts: “Console” 350 and
ing and the dimensions of its window (or any time either of ~ “Print” 351
these changes), it requests the Picture Manager to send it al} Cursor 314 and Input 311 arc examples of processes
picture elements which completely or partially lie within the 60 whose primary function is to store data. “Cursor’”s purpose
window. It also asks it to notify it of chanages which will is to keep track of the current cursor position on the scrcen
affect the displayed portion of the picture. The Picture and all parameters (such as the symbols defining different
Manager will send “draw” messages to the Window Man- cursors) pertinent to the cursor. One cursor process is created
ager (at any time) to satisfy these requests. by the Console Manager for each Output Manager when it
The Window Manager performs gross clipping on all 65 is initialized. The Output Manager is responsible for updat-

ing the cursor data, although “Cursor” may be gqueried by
anyone. “Input” keeps track of the current input state, such
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as “select key is being held down”, “keyboard locked”, etc.
One input process is created by each Console Manager, The
console’s input message updates the process; any other
process may query it.

The Human Interface is structured as a collection of
subsystems, implemented as contexts, each of which is
responsible for one broad area of the interface. There are two
major contexts accessible from outside the Hurman Interface:
“Console” and “Print” They handle all screen/keyboard
interaction and all hard-copy output, respectively. These
contexts are not necessarily unique. There may be one or
more instances of cach in the system, with possibly scveral
on the same cell. Within each, there may be several levels of
nested contexis.

The possible interaction between various Human Inter-
face components will now be described.

Console Manager/Other Contexts—Processes of other
contexts may send requests for console services or notifi-
cation of relevant events directly to the Console Manager(s).
The Console Manager routes messages to the appropriate
service. It also notifies (via a “status” message) the current
owner of a window whenever an object in its window has
been selected. Similarly, it sends a message to an application
when a user requests that application in a particular window.

Console Manager/Input Manager—The Console Manager
initializes the Input Manager and usually assigns a particular
Qutput Manager to it. The Input Manager always sends all
input {one character, one key, one cursor movement, etc. at
a time) directly to the Console Manager. It may also send
“status” messages, either in response to a “download”,
“initialize”, or “terminate” request, or any time an anomaly
arises.

Console Manager/Output Manager—The Console Man-
ager displays information on its ‘“‘prime” output device
during system start-up and shut-down without using pictures
and windows. It therefore sends picture elements directly 1o
an Output Manager. The Console Manager is also respon-
sible for moving the cursor on the screen while the system
is running, if applicable. The Console Manager (or any other
Human Interface manager, such as an “editor”) may change
the current cursor to any displayable syrabol, Output Man-
agers will send “status™ messages to the Console Manager
any time an anomaly arises.

Console Manager/Picture Manager—The Console Man-
ager creates Picture Managers on demand and tells each of
them the name of a file which contains picture clements, if
applicable. A Picture Manager can also accept requests from
the Console Manager (or anyone else) to add elements to a
picture individually, delete elements, copy them, move
them, modify their attributes, or transform them. It can be
queried for the value of an element at (or close to) a given
location within its picture. The Console Manager will tell a
Picture Manager to erase its picture and exit when it is no
longer needed. A Picture Manager usually sends “status”
messages lo the Console Manager whenever anything
unusual {e.g., an error) occurs.

Console Manager/Window Manager—The Console Man-
ager creates Window Managers on demand. Fach Window
Manager is told its size, the PID of an Output Manager, the
coordinates (on the screen) of its upper left outside corner,
the characteristics of its frame, the PID of a particular
Picture Manager, the coordinates of the first elemem from
which to start displaying the picture, and the name of the
process which “owns” the window. While a window is
active, it can be requested to re-display the same picture
starting at a different element or to display a completely
different picture,

43

55

60

65
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The coordinates of the window itself may be changed,
causing it to move on the screen, or it may be told to change
its size, frame, or owner. A Window Manager can be told to
“clip” the picture elements in its display along the edges of
a given polygon (the default polygon is the inside edge of the
window’s frame). It can also be queried for the element
corresponding to a given coordinate. The Console Manager
will tell 2 Window Manager to “close” (crase) its window
and exit when it is no longer needed. A Window Manager
sends “status” messages to the Console Manager to indicate
success or failure of a request.

Console Manager/Dialog Manager—The Dialog Man-
ager accepts requests to load and/or dynamically create
“‘pictures” which represent menus, prompts, error messages,
etc. In the case of interactive pictures (such as menus), it also
interprets the response for the Console Manager. Other
processes may also use the Dialog Manager through the
Console Manager.

Console Manager/Prime Manager—Console Managers
generally send “spool” requests to Print Managers to get
hard-copies of screens or pictures. An active picture must
first be copied to a file. The Print Manager retumns a “‘status”
message when the request is complete or if It fails,

Window Manager/Picture Manager—A Window Man-
ager requests lists of one or more picture elements from the
relevant Picture Manager, specified by the coordinates of a
rectangular “viewport” in the picture. It can also request the
Picture Manager to automatically send changes (new, modi-
fied, or erased elements), or just notification of changes, to
it. The Picture Manager sends “status” messages to notify
the Window Manager of changes or errors.

Window Manager/Output Manager—A Window Manager
sends lists of picture elements w0 its Output Manager,
prefixed by the coordinates of a polygon by which the
Output Manager is to “clip” the pixels of the e¢lements as it
draws them. A given list of picture elemenis can aiso be
scaled by a given factor in any of its dimensions. The Output
Manager returns a “status” message when a request fails.

Input Manager/Output Manager—The Input Manager
sends all cursor movement inputs to a pre-assigned Qutput
Manager (if any), as well as to the Console Manager. This
assignment can be changed dynamically.

Print Manager/Other Processes—The Print Manager
accepts requests to “spool” a file or to “print” one or more
picture elements. It sends a “status” message at the comple-
tion of the request or if the request cannot be carried out. The
status of a queued request can also be queried or changed at
any time.

Print Manager/File Manager—The Print Manager reads
picture elements from a File Manager (whose name was sent
1o it via a “spool” request). It may send a request to “‘delete”
the file back to the File Manager after it has finished printing
the picture.

Print Manager/Picture Manager—A Print Manager cre-
ates a Picture Manager for each spooled pictare that it is
currently printing, giving it the name of the relevant file. It
then requests “pages” of the picure (depending upon the
characteristics of the output device) one at a time. Finally, it
tells the Picture Manager to go away.

Print Manager/Output Manager—The Print Manager
sends picture clements to an Output Manager. The Qutput
Manager sends a “status” message when the request com-
pletes or fails or when an anomaly arises on the printer.

Draw Manager/Other Processes—The Draw Manager
accepts lists of elements prefixed by explicit pixel param-
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eters (density, scaling factor, etc.). It returns a single mes-
sage containing a list of bit-map (“symbol”) elements of the
drawn result for each message it receives.

28
is initiated by a user interacting with an external device, such
as a keyboard or mouse. In this case, the “click” is sent
asynchronously, and multiple events are queued.

A program may also explicitly request input, using a

HUMAN INTERFACE—SERVICE 5 menu, prompt, etc., in which case the “click” is sent only

A Human Interface service is accessed by sending a when thc‘reques't is satisfied. A third method of input, which
request message to the closest (ic. the “next”) Human  docsn’t directly involve the user, is to query the current state
Interface manager, or directly to a specific Console Manager, ~ Of 2 Virtual input device (e.g., the current cursor position).
This establishes a “connection” to an exisiing Human Inter- |, A “chc}c" TICSSAZE 1S aSSOGMtf;d with a Pamcula}r window
face resource or creates a new one, Subsequent requests  (and by implication usually with a particular picture), or
must be made directly to the resource, using the connector ~ With a dialog “metaphos”, thus refiecting the two levels of
returned from the initial request, until the connection is the input model.
broken. The Human Interface manager is distributed and Since the visual aspect of the Human Interface is sepa-
thus spans the entire virtual machine. Resources are asso- 15 rated from the application aspect, a later redesign of a
ciated with specific nodes. window, menu, icon, etc. has little or no effect upon existing

A picture may be any size, often larger than any physical ~ applications.
screen or window. A window may only be as large as the
screen on which it appears, There may be any number of HUMAN INTERFACE—DETAILED
windows simultaneously displaying pictures on a single o5 DESCRIPTION
screen. Updating a picture which is mapped to a window
causes the screen display to be updated automatically. Sev-
eral windows may be mapped to the same picture concur- Connectors
rently—at different coordinates. In general, all interaction with a Human Interface resource

The input model provided by the Human Interface con- 25 (console, window, picture, or virtual terminal) must be
sists of two levels of “virtual devices” The lower level through a connector to that resource. Connectors to consoles
supports “position”, “‘character”, “action”, and “function can only be obtained from the Human Interface manager.
key" devices associated with a particular window. These are Connectors to the other resources are available through the
supported consistently regardless of the actual devices con- Human Interface manager, or through the Console Manager
nected to the system. 30 in which the desired resource resides. Requests must specify

An optional higher level consists of a “dialog service”, the path-name of the resource as follows:
which adds “icons”, “menus”, “prompts”, “values”, and ) .
“information hoxes” to the repertoire of device-independent k“::;'i:}-“m’m <sereen_pame>](/<window. .oz, picwre_
interaction. Input is usually event-driven (via messages) but
may also be sampled or explicitly requested. 35 That is, the name of the console, optionslly followed by

All dimensions are in terms of “virtual pixels” A virtual a slash and the name of the screen, optionally followed by
pixel is a2 unit of measurement which is symmetrical in both a slash and the name of a window, picture, or terminal. The
dimensions. It has no particular size. Its sole purpose is to console name may be omitted only if the message is sent
define the spatial relationships between picture clements. dircetly to the desired console manager. If the screen name
Actual sizes are determined by the output device to which 4 is omitted, the first screen configured on the given console
the picture is directed, if and when it is displayed. One is assumed. The window name must be specified if one of
virtual pixel may translate to any multiple, including frac- those resources is being connccted.
tions, of a real pixel.

Using the core Human Imerface services generally . Connection Requests
involves: creating a picture (or accessing a predefined pic-
ture); creating a window on a particular screen and connect- The “create” and “open” requests can be addressed to the
ing the picture to it; updating the picture (drawing new “next” Human Interface context (“HT”) or to a specific
elements, moving or erasing old ones, etc.) torefleci changes ~ console connector or to the “next” context named “Con-
in the application (e.g. new data); if the application is ,, Sole”. Ifsentto “HI”, afull path-name (the name parameter)
interactive, repeatedly accepting input from the window and ~ must be given; otherwise, only the name of the desired
acting accordingly; and deleting the picture and/or window resource is required (e.g., at a minimum, just the name of the
when done. ) window or picture).

Creating a new resource is donc with an appropriate If 2 picture manager process is created locally by an
“create’” message, directed to the appropriate resource man- s application, for private use, an “init” message—with the
ager (i.c. the Human Interface manager or Console Man- same contents as “‘create” or “open” must be sent directly to
ager). Numerous options are available when a resource, the picture process. The response will be “done” or “failed”.
particularly a window, is created. For example, a typical The following are the various Connection Requests and
application may want 1o be notified when a specific key is the types of information which may be associated with each:
pressed. Pop-up and pull-down menus, and function keys, 69  CREATE is used to create a new picture resource, a new
may also be defined for a window. window resource, or a new virtual terminal resource.

All input from the Homan Interface is sent by means of When used to create a new picture resource, it may
the “click” message. The intent of this message is to allow contain information about the resource type (i.c. a “pic-
the application program to be as independent of the external ture™); the path-name of the picture; the size; the background
input as possible. Consequently, a “click” generated by a 65 color; the highlighting method; the maximum number of

pop-up menu looks very much like that generated by press-
ing a function key or selecting an icon. Event-driven input

elements; the maximum element size; and the path-name of
a library picture from which other elements may be copied.
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When used to create a new window resource, it may
contain information about the resource type (i.c. a “win-
dow™); the path-name of the window; the window’s title; the
window’s position on the screen; the size of the window; the
color, width, fill color between the outline and the pane, and
the style of the main window outline; the color and width of
the pane outline; a mapping of part of a picture into the
window; a modification notation; a special character nota-
tion; various options; a “when” parameter requesting noti-
fication of various specified actions on/within the window;
a title bar; a palette bar; vertical and horizontal scroll bars;
a general use bar; and a corner box.

When used 1o creatc a new virtual terminal, it may contain
information about the resource type (i.e. a2 “terminal™); the
path-name of the terminal; the title of the terminal’s win-
dow; various options; the terminal’s position on the screen;
the size of the terminal (i.e. number of lines and columns in
the window); the maximum height and width of the virtual
screen; the color the text inside the window; ab information;
emulator process information; connector information to an
existing window; window frame color; a list of menu items;
and alternative format information.

OPEN is nsed to connect to 2 Human Interface service or
to an existing Human Interface resource. When used to
connect to a Human Interface service, it may contain
information about the service type; and the name of the
particular instance of the service. This resource must he
sent to the Human Interface context.

When used to connect lo an existing Human Interface
resauree, it may contain information about the path-name of
the resource; the type of resource (e.g. picture, window, or
terminal); and the name of the file (for pictures only) from
which to load the picture. This request can be sent {0 &
Human Interface manager or a console manager; altema-
tively the same message with message 1.D. “init” specifying
a file can be sent directly to a privately owned picture
manager.

DELETE is used to remove an existing Human Interface
resource from the system, and it may contain informa-
tion specifying a connection to the resource; the type of
resource; and whether, for a window, the corresponding
picture is to be deleted at the same time.

CLOSE is used to break a connection to a Human
Interface resource, and it may contain information
specifying a connection to the resource; and the type of
resource.

WHO? is used to request a list of signed-on users, and it
may contain a user identification string.

QUERY is uscd to get the status of a service or resource,
and it may contain information about the resource type;
the name of the service or resource; a connector 10 a
resource; and information concerning various options.

The following are the various Connection Responses and
the types of information which may be associated with each:

CONNECT provides a connection to a Human Interface
resource, and it contains information concemning the
originator (i.e. the Human Interface or the console); the
resource type; the original request message identifier;
the name of the resource; and a connector to the
Tesource.

USER contains the names of zcro or more currently
signed-on users and their locations, and it contains a
connector to a console manager followed by the name
of the user signed on at that console.

Consolc Requests

The main purpose of the console is o coordinate the
activities of the windows, pictures, and dialog associated
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with it. Any of the CREATE, OPEN, DELETE, and CLOSE
connection requests listed above, except those relating to the
consoles, can be sent directly to a known console manager,
rather than to the Human Interface manager (which always
searches for the console by name). Subsequently, some
characteristics of a window, such as its size, can be changed
dynamically through the console manager. The cumrent
*“user” of the console can be changed. And the console can
be queried for its current status (or that of amy of its
TESOurces).

The following are the various Console Requests and the
types of information which may be associated with each:

USER is used to change the currently signed-on user, and
it contains a user identification string.

CHANGE is used to change the size and other conditions
of a window, and it may contain information about a
connector to a window or a terminal; new height and
width (in virtual pixels); increment to height and width;
row and column position; various options; a connector
t0 a new owner process; and whether the window
should be the current active window on the screen.

CURSOR is used to move the screen cursor, and it
contains position information as to row and column.

QUERY is used to get the current statos of the console or
one of its resources, and it contains information in the
form of a connector to the resource; and various guery
options (e.g. Iist all screens, all pictures, or all win-
dows).

BAND starts/stops the rubber-banding function and drag-
ging function, and it contains information about the
position of a point in the picture from which to start the
operation; the end point of the figure which is to be
dragged; the type of operation {e.g. line, rectangle,
circle, or ellipse); the color; and the type of line (e.g.
solid). In rubber-banding the drawn figure changes in
size as the cursor is moved. In dragging the figure
moves with the cursor.

The following are the various Console Responses and the

types of information which may be associated with each:

STATUS describes the current staie of a console, and it
may contain information about a connector to the
console; the originator; the name of the console; current
cursor position; current metaphor size; scale of virtual
pixels per centimeter, vertically and horizontally; num-
ber of colors supported; current user i.d. string; screen
size and name; window connector and name; and
picture connector, screen name, and window name.

Picture-Drawing

The picture is the fundamental building block in the
Human Interface. It consists of a list of zero or more “picture
elements”, each of which is a device-independent abstrac-
tion of a displayable object (line, text, etc.). Each currently
active picture is stored and maintained by a separate picture
manager. “Drawing” a picture consists of sending picture
manipulation messages to the picture manager.

A picture manager must first be initialized by a CREATE
or OPEN request (or INIT, if the picture was created
privately). CREATE sets the picture 1o empty, gives it a
name, and defines the background. The OPEN request reads
a predefined picture from a file and gives it a name. Either
must be sent first before anything else is done. A subsequent
OPEN reloads the picture from the file.

The basic request is 1o WRITE one or more elements.
‘WRITE adds new elements to the end of the current lst, thus
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reflecting the order, Whenever parts of the picture arc copied
or displayed, this order is preserved. Once drawn, one or
more eclements can be moved, erased, copied, or replaced.
All or part of the picture can be saved to a given file. In
addition, there are requests to quickly change a particular

32
application; a connection to the application process;
and a point of origin inside the picture,
NUMBER is used to get ordinal numbers and identifiers
of specific elements, and it may contain information

i 5 ifyi 1 t(s).

attribute of one or more elements (e.g. select them). Finally, Hlfrp ecxfystxdg theﬁe;men cf ) 1 R

the DELETE request (to the console manager; QUIT, if Is used fo find an clement at or closcst to 2 given
direct to the picture resource) terminates the picture mar- position, and it may contain a position location in a
ager, without saving the picture. picture; and how far away from the position the ele-

Any single element can be “marked” for later reference. ;¢ xfxent can be.

If the clement is text, then a particular offset in the string can [.] is used to start/end a batch, and a first symbol causes
be marked, and a visible mark symbol displayed at that all updates to be postponed until a second symbol is
location. received (batches may be nested up to 10 deep).

A picture can be shared among several processes (“appli- HIGHLIGHT, INVERT, BLINK, HIDE arc used to
cations™) by setting the “appl” field in the picture elements. | change a specific element attribute, and they may
Rach application process can treat the picture as if it contains contain information indicating whether the attribute is
ox%{ i!t]s] 0\:&1 elcxilems. All lx:q}t:ests made by cach proce:s sct or clearcd; and a range of clements to be changed.
will only affect clements which contain a matching “appl” CHANGE is used to change one or more element fields,
g]ergi;;r:c;pat}ng px:?ccs]s,?s must tbe identified to the pic- and it may contain information specifying the color of

oo follgo ;i:lga :r"c t:zpvmf;‘}:":iéme Drawing Requests 20 the element; the backgxtpund color; the fill color; and fill

. : g % . . patiern; and a range of elements to be changed.
gght:he types of information which may be associated with EDIT is used to modify a text elemment’s string, and it may

WRITE is used to add new elements to a picture, and it mﬁz?;%ﬁ tl;:l xfzi?ll:'gs tchf;l,li;atu:g Z&mt

may contain information providing a list of picture . ing is to be edi i’ d? - 8 i th ¥
elements; the data type; and an indication to add the selectpd sulgstrmg 18 to be edited; an ofisct nto the tfm
new elements after the first element found in a given a .Whmh to nsert and!or from which to start shifting; to
range (instead of the foreground, at the end of the list). shift the text b}f the given nunffber of characters to/from

READ is used to copy elements from a picture, and it may the‘ gi'venb{.\aﬁtion{htab (sip a:‘;g’ la repla‘cenéent sub-

contain information regarding the connection to which 30 st;mlg, to bto ed": :é" of the element; and a range

to send the elements; an indication to copy background of elements to be edit . .

elements; and a range of elements to be copied. In general, when 2 range of de‘%‘:gs(g spectﬁg’d, ;hst;{

. : one Or mor¢ parameters is provi omitte: en

Mgvtfa;s 2:&;;% I?;%ﬁ:&?ﬁg;g?; 1;;30?’; atgg elements in the picture are referenced by default) according

picture to hich the elements are to be moved; row and to the following table:

column offsets; to picture foreground; to picture back-

tg;ch:d; giv);%d size increments; and a range of clements Keyword Meaning Format

REPLACE is used to replace existing clements with new gg:; }’zyﬂf"”'i?;.’:“(:’?‘; ::“:8’) b columa

ones, and it may contain information providing alist of | gpum by relative cloment teember It of numbers
picture elements; and a range of elements to be *° @ug search for a tag pattern
replaced. @txt search for a text element pattern

ERASE is used to remove elements from a picture, and it g;‘k .m?. ;’;"’:‘,;;‘s’ ﬁyy;g: Zn"g

may contain information on the range of elements to be @id by unique clement identifier st of identifiers
erased. 45 @utt by attributes attribute structure

QUIT is used to erase all elements and terminate, and it @ent the number of elements count

has no particular parameters {valid only if the picture is . . i

private). Any range parameters which are given restrict the ele-
MARK is used to sct a “marked” attribute (if text, to ments which W‘?‘ be aﬂ:'ected by the current Teque: st._In

display a mark symbol), and it may contain information 50 genetfal, only tl!e_ intersection of all of the elements satisfying

specifying the element to be marked; and the offset of the given condmogs are mclud%d ml the rﬁgc. For el‘t‘amp:ﬁi

the character after which to display the mark symbol. 22?;‘2{’1“5;0&:;’16;:%6%;; ds;i t95:n g:dﬁn:w:sgm

SELECT is used to select an clement and mark it, and it g0 C 00 C om0 8 toxt string,

may contain information specifying the clement(s) to . N . : -
be selected; the offset of the character after which to 35 mwefg;e‘zlgg iﬁg&:ﬁ%ﬁ:ﬁ?gﬁ;ﬁmﬁiﬁ
display the mark symbol; the number of characters to each:
select; and a deselect option. : . . :
SA_VE is used to copy all or part of a picture to a file, and STS’:‘;J goﬁe&?:ﬁﬁa?g:;;t%u;?ﬁiim ?: fhl:,
gln.my gommn information specifying the name of the picture; an original message identifier, if applicable; the
e an‘ a subset of a picture. . name of the picture; the name of the file last read or

QUEP._Y is used to get the current status, and it has no written; height and width; lowest and highest row/

particular parameters. column in the picture; the number of elements; and the

BKGD is used to change a picture’s background color, number of currently active viewports.

and it may contain information specifying the color. g5 WRITE contains elements copied from a picture, and it

APPL.is used to register a picture as an “application”, and
it may contain information specifying a name of the

may contain information specifying a connector to the
picture; a list of picture elements; and the data type.
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NUMBER contains element numbers and identifiers, and
it may contain information specifying a list of numbers;
and a list of element identifiers.

Picture Elements

Picture clements are defined by a collection of data
structures, comprising one for 2 common “header”, some
optional structures, and one for cach of the possible element
types. The position of an element is always given as a set of
absolute coordinates relative to [0,0] in the picmire. This
defines the upper left corner of the “box” which encloses
each clement. Points specified within an element (e.g. to
define points on a line) are always given as coordinates
relative to this position. In a “macro” the starting position of
each individual element is considered to be relative to the
absolute starting position of the macro element itself, i.e.
they’re nested.

FIG. 10 shows the general structure of a complete picture
clement. The “value” part depends upon the element type.
The “appl” and “tag” fields are optional, depending upon
indicators set in “atic”.

The following is a description of the various fields in a
picture element:

Length=length of the entire picture clement in bytes

Type=one of the following: text, line, rectangle, ellipse,
circle, symbol, array, discrete, macro, nuil, meta-cle-
ment

Aur=one of the following: selectable, selected, rectilinear,
inverted foreground/background, blink, tagged, appli-
cation mnemonic, hidden, editable, movable, copyable,
crasable, transformed, highlighted, mapped/not
mapped, marked, copy

Pos=Row/col coordinates of upper left comer of the
element’s box

Box=Height/width of an imaginary box which completely
and exactly encloses the element

Color=color of the element, consisting of 3 sub-fields:
hue, saturation, and value

Bkgrd=background color of the element

Fill=the color of the interior of a closed figure

Pattern=one of 10 “fill” patterns

Appl=a mnemonic referencing a particular application
(c.g. forms manager, word-processor, report gencrator,
ete.); allows multiple processes to share a single pic-
ture.

Tag=a variable-length, null-terminated string, supplied by
the user; it can be used by applications to identify
particular clements or classes of clements, or to store
additional attributes

The attributes relating to the “type” ficld if designated
“text” arc as follows:

Options=wordwrap, bold, underline, italic, border, left-
justify, right-justify, centered, top of box, bottom of
box, middle of box, indent, tabs, adjust box sizc,
character size, character/line spacing, and typeface

Select=indicates a currently selected substring by offset
from beginning of string, and length

String=any number of bytes containing ASCH codes,
followed by a single null byte; the text will be con-
strained to fit within the element’s “box”, automatically
breaking 1o a new row when it reaches the right
boundary of the area
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Indent=two numbers specifying the indentation of the first
and subsequent rows of text within the element’s “box”

Tabs=list of [type, position], where ‘“position” is the
number of characters from the left edge of the
clement’s box, and “type” is either Left, Right, or
Decimal

Grow=maximum number of characters (horizontaily) and
lines (vertically) by which the element's box may be
extended by typed input; limits growth right and down-
ward, respectively

Size=height of the characters’ extent and relative width

Space=spacing between lines of text and between char-
acters

Face=name of a particular typeface

The auributes relating to the “type” field if designated

“line” are as follows:

Style=various options such as solid, dashed, dotted,
double, dashed-dotied, dash-dot-dot, paiterned, etc,

Pattern==a pattern number

Thick=width of the line in pixels

Points=two or more pairs of coordinates (i.c. points)
relative 10 the upper left corner of the box defined in the
header

The auributes relating to the “type” field if designated

“rectangle” are as follows:

Style=same as for “line” above, plus solid with a shadow

Pattern=same as for “line”

Thick=same as for “line”

Round=radius of a quarter-circle arc which will be drawn
at each comer of the rectangle

The atiributes relating to the “type” field if designated

“ellipse” are as follows:

Style=solid, patterned, or double

Pattern=samc as for “linc”

Thick=same as for “line”

Arc=optional start- and end-angles of an elliptical arc

The atiributes relating to the “type” field if designated

“circle” are as follows:

Style=same as for “ellipse”

Pattern=same as for “linc”

Thick—same as for “line”

Center=a point specifying the center of the circle, relative
to the upper left cormer of the element’s box

Radius=lengih of the radius of the circle

Arc=optional start- and end-angles of a circular arc

A “symbol” is a rectangular space containing pixels which

are visible (drawn) or invisible (not drawn). It is represented
by a two-dimensional array, or “bit-map” of 1's and 0’s with
its origin in the upper left comer.

The attributes relating to the “type” field if designated

“gymbol” are as follows:

Bitmap=a two-dimensional array (in row and column
order) containing single bits which are either “1” (draw
the pixel in the foreground color) or 0" (draw the pixel
in the background color); the origin of the array cor-
responds to the starting location of the element

Alt=A text string which can be displayed on non-bit-
mapped devices, in place of the symbol

An array element is a rectangular space containing pixels

which are drawn in specific colors, similar to a symbol
element. It is represented as a two-dimensional array, or
“bit-map", of color numbers, with its origin in the upper left
comer. The element’s “fill” and “pattern” arc ignored.
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The attributes relating to the “type” field if designated
“array” are as follows:
Bitmap=a two-dimensional array (in row and column
order) of color numbers; each number either defines a

36

The format of the meta-element includes a length field, a
type ficld, a meta-type field, and a value. The 16-bit length
field always specifies a length of 36. The type field is like
that for normal picture clements. The meta-element field

colpr in which a pixel is to be drawn, or is zero (in 5 contains one of the following types:
which the pixel is drawn in the background color); the Name=the value comsists of a string which names the
origin of the array corresponds to the starting location picture
of the element Size=the maximum row and column, and the maximum
Alt=an alternate text string which can be displayed on element number and size ?
non-bit-mapped devices in place of the array 10 . s
A discrete element is used to plot distinct points on the Backgnd—the picwre’s background color
screen, optionally with lines joining them. Each point is Highlt=the picture’s highlighting
specified by its coordinates relative to the element's “box™ The format of the value field depends upon the meta-type.
An explicit clement (usually a single-character text clement
or a symbol element) may be given as the mark to be drawn 5
at each point, If not, an asterisk is used. The resulting figure Windowing
cannot be filled. . . .
The attributes relating to the “type” field if designated A window maps a particular subset (often called a “view”)
“discrete” are as follows: of a given picture onto 2 particular screen. Bach window on
Mark=a picture element which defines the “mark” to be ,,, 2 screen is a single resource which handles the “pane” in
drawn at each point; if not applicable, a nuil-length =  Which the picture is displayed and up to four “frame bars”.
element (i.c., 2 single integer containing the value zero) With reference to FIG. 11, a frame bar is used to show
must be given for this field ancillary information such as a title. Frame bars can be
Style Pai Thick =type, pattern, and thickness of the line interactive, displaying the names of “pull-down" menus
(see “line” element above) s Which, when selected, display a list of options or actions

Join="Y" or “N” (or null, which is equivalent to “N™); if
“Y”, lines will be drawn to connect the marks

Points=two or more pairs of coordinates; each point is
rclative to the upper left corner of the “box” defined in
the header

pertinent to the window. A palette bar is like a permanently
open menu, with all choices constantly visible.

Scroll bars indicate the relative position of the window's
view in the picture and also allow scrolling by means of
selectable “scroll buttons™ A “'resize” box can be selected to

30

A “macro” element is a composite, made up of the expand or shrink the size of the window on the screen while

preceding primitive element types (“text”, otc.) and/orother 5 “close” box can be selected to get rid of the window.

macro elements. It can sometimes be thought of as “brack-  Selecting a “blow-up” box expands the window to full

eting” other elements. The coordinates of the contained screen size; selecting it again reduces it to its original

elements are relative to the absolute coordinates of the 35 dimensions.

macro element. The “length” field of the macro element s ; s : 143

includes its own header and the “macro” field, plus the sum infﬁn?arg; bic;xd:i?:daﬂable for displaying additional user

of the lengths of all of the contained elements. The “text” . | . .

macro is useful for mixing different fonts and styles in single The window shown in FIG, 11 comprises a single pane,

“unit” (word, efc.) of text. fopr.frame bars, and a corer box. The @ctangu!a_: clement
The aftributes relating to the “type” field if designated 40 within each scroll bar mdman;s rl'xe_relauve position of the

“macro” are as follows: wi_ndow in the picture to whu':h it is map?ed (i.e. about a

Macro=describes the contents of the macro element; may third of th(.: wey dov.vn and & httle“to the”n.ght). .
be one of following: Perfomng an action (suchasa s?‘let':t )”m any portion of
“N"—normal (contained elements are complete) i the window wxll' optionally send a “click” message to the
Y —list: same as “N”, but only one sub-element at a pwner of the window. For e xemp}a, ‘sele.cth,l’g an eleEnenl:

time can be displayed; the others will be marked  nside the pane will send “click” with “action”="selcct" and
“hidden”, and only the displayed element will be “area"”—-“msxde”, as well as the cooni.lmates of the cursor
sent in response to requests (“copy”, etc.); the “high- (relative to the top left corner of the picture) and a copy of
light” request will cycle through the sub-clements in ¢ the element at that position.
order Selecting the name of a menu, which may appear in any
“TPetext: same as “N”, but the “macro” field is frame bar, causes the menu to pop-up. It is the response to
immediately followed by a text “options” field, and the menu that is sent in the “click’” messape, not the selection
a text “select” field; the macro “list” field may be  Of the menu bar item. Pop-up menus {activaled by menu
followed by further text parameters (as specified in 5 keys on the keyboard) and function keys can aiso be
the options field) associated with a particular window.

List=any number of picture elements (referred to as All windows are created by sending a “create” request to
sub-elements), formatted as described above; termi- a Console Manager. As described above, *“create” is the most
nated by a null word complex of the windowing messages, containing numerous

A “meta-clement” is a pseudo-clement generated by the 60 options which specify the size and location of the window,

picture manager and which deseribes the picturc itsclf, which frame ba:rs to dls?lay, what to do when certain actions
whenever the picture is “saved” to a file. Subsequently,  are performed in the window, and so on.

meta-elements read from a file are used to set up parameters The process which sent the request is known as the
pertinent to the picture, such as its size and background “owner” of thc window, although this can be changed
color. Meta-elements never appear in “write” messages 65 dynamically. The most recently opened window usually

issued by the picture manager (e.g. in response to a ‘read”
request, or as an update to a window manager).

becomes the current “active” window, although this may be
overridden or changed.
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A subsequent “map” request is necessary to tell the
window which picture to display (if not specified in the
*“create” request). “Map” can be re-issued any number of
times.

Other requests define pop-up menus and soft-keys or
change the contents of specific frame bars. A window is
always opened on top of any other window(s) it overlaps.
Depending upon the background specified for the relevant
picture, underlying windows may or may not be visible.

The “delete” request unmaps the window and causcs the
window manager to exit. The owner of the window (if
different from the sender of “delete”) is sent a “status”
message as a result.

The following are the varions Windowing Requests and
the types of information which may be associated with each:

MAP is used to map or re-map a piclure to the window,
and it may contain information specifying a connection
to the desired picture; and the coordinates in the picture
of the upper left comer of the “viewport”, which will
become [0,0] in the window's coordinate system.

UNMARP s used to disconnect a window from its picture,
and it contains no parameters,

QUERY is used to get a window’s status, and it contains
no parameters.

[.] is used to start/ed a “baich”, and the presence of a first
symbol causes all updates to be postponed until a
sccond symbol is received (batches may be nested up to
10 deep).

MENU defines a menu which will “pop-up” when a menu
key is pressed, and it may contain information speci-
fying which menu key will activate the menu; the name
of the menu in the Human Interface library (if omitted,
“list” must be given); and a name which is returned in
the “click”™ message.

KEYS defines “psendo-function™ keys for the window,
and it may contain information specifying the name of
a menu in the Human Interface library; a list of key-
names; and a name to be retumed in the “click”
message.

ADD, COFPY, ERASE, REPLACE control elements in a
frame bar, and they may contain information specifying
the type of bar {c.g. title, palette, general, etc.); a list of
picture elements for “add” and “replace” (omitted for
“copy” and “erase”); and a tag identifying a particular
element (not applicable to “add”).

HIGHLIGHT, INVERT, HIDE, BLINK change attributes
in a frame bar clement, and they may contain informa-
tion specifying a set/clear attribute; the type of bar; and
a tag identifying a particular element in the bar.

The following are the various Windowing responses and

the types of information which may be associated with each:

STATUS describes the current status of the window, and
it may contain information specifying a connector to
the window; specifying the originator (i.e. “window™);
an original message identifier, if applicable; the sub-
system; the name of the window; a connector to the
window’s console manager; the position of the window
on the screen; the pane size and location; a connector
to the picture currently mapped to the window; and the
size and position of the view.

BAR represents a request to 2 “copy” request, and it may
contain information specifying the type of bar (e.g.
title, palette, general, corner box, etc.); and a list of
picture elements.

CLICK describes a user-initiated event on or inside the
window, and it may contain information specifying
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what event (e.g. inside a pane, frame bar, corner box,
pop-up menu, function key, ete.); a connector to the
window meanager; a connector to the window’s Console
Manager; the name of the window; a menu or function-
key name; a connector to the associated picture man-
ager; a label from a menu or palette bar item or from a
function key; the position of the cursor where the action
occurred; the action performed by the vser; a copy of
the elements at the particular position; the first
clement’s number; the first clement’s identifier; a copy
of the character typed or a boundary indicator or the
completion character; and other currently selected ele-
ments from all other windows, if any.

—

]

Virtual Terminal

In general, a virtual terminal window’s behavior cmulates
that of a particular “real” terminal. If no particular emulation
is requested, a simple “generic” terminal is provided.

The virtual terminal resource creates a picture of the given
dimensions to represent the virtual “screen”. The “screen” is
strictly text-oriented and is organized as lines and characters,
as reflected in messages. The virtual screen is displayed in
a default window created by the terminal manager.

The following are the various Virtual Terminal requests
and the types of information which may be associated with
each:

WRITE sends the output to a terminal window, and it may
contain information specifying a connector to the vir-
tual terminal; the characters to be written; the data type;
and the position on the virtual screen.

READ gets input from a terminal window, and it may
contain information specifying a connector to the vir-
tual terminal; an optional prompt string; a parameter to
protect typed input (i.e. don’t “echo™); continuous read
(i.c. automatically re-issue the request at the end of
every input line); the maximum number of characters to
retarn; and the position on the virtual screen.

CANCEL terminates outstanding requests from pro-
cesses, it comtains no parameters.

SCROLL shifts a subset of lines up or down (inserts blank
lines to fill a gap), and it may contain information
specifying a starting and ending line number; and the
number of lines to shift.

The following are the various Virwal Terminal responses
and the types of information which may be associated with
each:

STATUS describes the current state of the terminal, and it
may contain information specifying a connector to the
terminal; specifying the originator (i.c. the “terminal™);
an original message identifier, if applicable; the name
of the terminal; the height and width in characters; and
the name of the emulator (if any).

WRITE is a response from a virtual terminal “read”, and
it may contain information specifying the name of the
terminal; a connector to the terminal; specifying the
originator (i.e. the “terminal™); the characters rcad,
followed by a null character; the data type; and the
character position within the terminal’s *'virtual screen”
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Dialog Service

The dialog service provides representation-independent

65 interaction with a user (as compared with device-indepen-
dence, which is at a lower level). To a large extent program-
mers can ignore how prompts, €rror messages, elc. are
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displayed, and how prompts are answered or commands are
issued. Thus the visual aspect of the interaction can be
tailored to specific applications, users, or devices, indepen-
dently of the software. For example, requesting a report to

40

ERASE is used to remove an icon, and it may contain
information specifying a particular icon (default: all
icons).

MENU is used to create and display a temporary window

be printed may be accomplished by selecting an icononone containing a menu, and it may contain information
system, using a menu on another, and pressing a function- specifying the absolute position of the dialog window
key on a third. The report-printing program would be on the screen; a connector to a window within which to
identical on all three systems. display the menu; the relative position of the window

Dialog comprises five primitive components: menus, (with respect to the given window, if any, otherwise
prompts, icons, values, and informational boxes. Of these, |, with respect to the screen; any combination of “cen-
the first four are primarily for entering data and the last is for tered”, “upper”, “lower™, “left”, and “right™); the name
tefling the user something (e.g. “the printer is out of paper”). of a picture element in the metaphor’s current library;
They are useable al three different levels. the number of items to show in the window; specifying

The least complicated (and also least independeat) is that the given items arc to be amanged in a given
exemplificd by sending a menu directly to the dialog man- 5 number of evenly-spaced columns; a list of menu
ager. The dialog menager will construct the appropriate items; specifying highlighting; a name returned in the
display, then return the iter selected by the user, Altema- “click” message to help identify the particular menu
tively, the menu could be placed in a file and activated by selected, if more than one is possible; an alternate
sending only the file’s name to the dialog manager. format; and an opticnal window title.

The gencralized “click” message is uscd to indicatc that ., PROMPT is used to ask a question and return the answer,
an action has been perforgled (such as selecting an item from and it may contain information specifying absolute
a menu, or selecting an icon). position of the dialog window on the screen; a connec-

A “metaphor” defines the visual environment in which the tor to a window within which to display the menu; the
user operates on a particular screen. It consists of any relative position of the window (with respect to the
combination of pre-defined windows, icons, menus, and »5 given window, if any, otherwise with respect to the
soft-keys appropriale 1o that environment. In general, a screen; the name of a picture element in the metaphor’s
metaphor graphically depicts a real user environment. Thus current library; a question string; the maximum length
the icons may represent physical objects in the user’s frame of a typed response; a list of items any of which can be
of reference, such as file folders or diskettes, menus and selected by the user as a response; the maximum width
messages phrased in familiar terminology, and so on. 30 of the text box; 2 name returned in the “click” message

The dialog service is most useful for low-volume inter- to help identify the particular prompt, if more than one
action. For large amounts of data display or input, especially is possible; an alternative format; and a default initial
if the data is highly structured, other Human Interface response string.
services and tools, or specialized applications programs, INFO is used to display an informative message, and it
would be more appropriate. 35 may contain information specifying absolute position

All dialog rcqucsts are sent directly to the desired console. of the dialog window on the screen; a connector to a
The picture is always displayed on the screen which the user window within which to display the menu; the relative
is using at that moment, and at the most appropriate location position of the window (with respect to the given
(usually the current cursor position). In general, dialog can window, if any, otherwise with respect to the screen; the
be referenced indirectly (through a predefined picture in the 40 name of a picture element in the metaphor’s current
Human Interface library or a unique file) or can be included library; the name of a file containing a picture; infor-
explicitly in the request. In the latter casc, a default display mation to be displayed; specifying to wait for a
format is used. The “menu”, “prompt”, “value”, and “dia- response; specifying to highlight the window to indi-
log” (and “info”, if “wait” is specified) are generally cate that the picture corresponds to an error condition;
expected to be used via the CALL primitive, although they 45 and the maximum width of the text box.
may be used otherwise. The “click™ is used by the window- HIGHLIGHT, INVERT, HIDE, BLINK are used to
ing service. change an attribute in an icon (etc.) element, and they

The following are the various Dialog Requests and the may contain information specifying whether the
types of information which may be associated with each: attribute is set/cleared; the type of metaphor element

META displays initial/new icons and windows, and it may 50 {menu, icon, key, title); and identifying the metaphor
contain information specifying the name of a picture element (if omitted, all elements of the given type are
file in the Human Interface directory; the color of the affected).
metaphor background; data in a picture; and the name OPEN__MENU is used to define or redefine the current
of the picture file which contains the icon, menu, 55 ‘“‘open” key menu, and it has the same format as the
prompt, and information picture elements. MENU request.

TITLE is used to replace elements in the metaphors title, CANCEL is used to erase any dialog requested by the
and it may contain information specifying a list of sending process, and it may contain information speci-
picture elements (existing elements with matching tags fying what is to be cancelied (any combination of
are replaced; replacing an element with a null element 4g information, menu, prompt, or value).
effectively deletes it; if omitted all tagged elements are The following are the various Dialog responses and the
deleted). types of information which may be associated with each:

ICON displays a new icon in the current metaphor, and it CLICK indicates that an action has occurred in the
may contain information specifying the name of a metaphor, and it may contain information specifying
picture element in the metaphor’s current icon library; 65 the name of the currently active metaphor from its

the identity of the icon on the screen; and a single
picture clement.

“title” element, if given, or else its file name; what
event (c.g. menu, icon, title, function key, prompt,

CONTAINS MOTOROLA MOBILITY, INC. CONFIDENTIAL BUSINESS
INFORMATION, SUBJECT TO PROTECTIVE ORDER
MOTM_24063_0019525



5,502,339

41
value, etc.); the name of the menu, picture, etc. (if
given); the label assigned to the icon, menu item, etc.
in its tag field; 2 numeric input value; a typed response;
the point on the screen where the action occurred; a
connector to the associated screen; the console and
screen names; a connector to the window or terminal
manager, if either was opened automatically; the name

of a process to initiate; the name of a process to which .

1o send a message; a message identifier; an optional
“argument” descriptor string; and a list of currently
selected elements (from all windows), if any.

Metaphor

A “metaphor” picture comprises more-or-less arbitrary
picture clements which model a panticular frame of refer-
ence for the user. For example, the picture may represent a
“desktop”, with appropriate elements (typewriter, letter “in”
and “out” trays, pads of paper, etc.). The name of the
metaphor must be unique among metaphors.

ICONS

Selecting an icon causes the metaphor’s owner to be
notified via a “click” message. Icons are distinguished from
other picture elements by tags which contain the following
substrings:

Name=a short string which uniquely labels the icon and
identifies it to the applications program; the string will
be sent (in the ‘“‘click” message) when the icon is
selected.

P=name of the process to activate

M=name of the process to which to send a message

W=position and size of the default window

A=an arbitrary “arguments” string which is passed to the
application “as is™

O=a string of single-character options (open a standard
window when the icon is opened; open a terminal
window when the icon is opened; repeatable)

T=title

Icons must be the last elements in the metaphor picture,
following all others. The arguments string (*A™ field in the
icon’s tag) may be arbitrary.

Tagged elements define interactive components of the
metaphor, such as icons, menus, etc. The format of the tag
contains information which is interpreted dynamically.
Untagged elements cannot be selected and are treated as
decoration. The formats of all windows are built-in. The
owner of an automatically opened window (using the “W”’
or “T" options) is the dialog manager. An application must
issue a “change” request to the console to acquire ownership
of the window.

Although a metaphor is usually designed for a particular
screen, it will automatically be adjusted to fit any console on
which it is displayed.

TITLE

An element tagged “TITLE=metaphor-name” may
optionally be included in the picture. The element wiil
occupy the entire top line of the screen. If the element is a

- macro, all sub-clements in the macro are displayed in the
line. Sub-elements must be individually tagged if the title
line will bc dynamically altered via a “title” request.

Sub-elements tagged “DATE” or “TIME" will automati-

-
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Interface library and “n” indicates which menu key on the
keyboard can be used 10 “pop-up” the menu. “n” may also
be a name, indicating that the menu can only be referenced
indirectly (via a request or through the nested sub-menu
option). Both may also be given, as in “MENU-—. .. ; 1;
edit”

The name is returned in the “click” message to help
distinguish the selection. Normally, menu elements are
defined as null (type “n”) picturc elements. If not (i.e. the
clement is visible on the screen), the menu will also be
displayed any time the clement is selected

Anin-line, predefined menu can be set up by replacing the
name with a list of explicit menu items, for example:
“MENU=copy, cut, paste; 1. One element tagged “OPEN=
name” (or “OPEN=list”) may be included in the picture to
associate a menu with the Human Interface “open” function-
key. If such an element is not defined, pressing “open” will
cause an “Open” message (containing a “‘position” field
specifying the cursor row and column) to be sent to the
owrer of the metaphor.

SOFT-KEYS

One element in the picture may be tagged “KEYS=
name”, where “name” identifies a menu in the Human
Interface library. Each item in the menu will be displayed as
a “soft key” An in-line, predefined set of keys can be set up
by replacing the name with a list of explicit items, for
example: “KEYS=open, close, quit”. A “name” may be
given to the set of keys by appending *“; name”, ¢.g. “KEY S=
... ;name"”. The name is returned in “click” messages 10
help identify the response.

The sofi-key clement is usunally a “rectangle” which
defines the area of the screen reserved for display of the
keys. The element type can also be “n"” (null) in which casc
the keys will not be displayed. The actual number of keys
which can be displayed is limited only by the physical size
of the screen in use at the time the metaphor is displayed.

The soft-key area is aligned along the appropriate edge of
the screen when the metaphor is activated. Selecting a
sofi-key on the screen is equivalent to selecting the corre-
sponding item from a menu.

LIBRARIES

Menus (as well as icons, prompts, and information) can be
stored in *libraries” to which the metaphor may be linked
when it is built or when it is initiated. A library consists of
individual elements, each of which represents one menu,
icon, et¢. The first substring of the element’s “tag” field is
the element’s name, The “name” is referenced in the corre-
sponding dialog request (“icon”, cte.) or response (“click™).

An icon is usually 2 single element. Menus, prompts, and
information are gemerally composites and must each be
stored as a distinct macro element in the library picture.

Library references can be built into a metaphor picture (as
opposed to being specified in the “meta” message) by
including a null picture element tagged “LIB—picture”
“Picture” is the name of a file containing the library picture.
MENU

A “menu” picture comprises two or more menu “‘items”,
each of which is simply a picture element, usually of type
“text” although there are no restrictions on pictorial menus.

Each item in the menu is described by a simple element,
usually text or 2 symbol. The element is tagged with a siring
which is to be sent to the application process when that item
is selected from the menu. For example, in a menu of colors,
blocks in the actual colors might be displayed but the tags

cally display the current date or time. The elements must be % could be “red”, “bluc”, etc.

“text” and must be large enough to contain the dynamic If the menu item is a text string ending in “. . ., the text
strings. The data minimally consists of the month and day; (excluding the ellipsis) is assumed to refer to another menu
if the string is 10 characters or longer, the day of the week in the Human Interface library. When the item is selected,
will also be displayed. the referenced menu is automatically brought up. That menu
POP-UP MENUS 65 may itself contain further menu references, allowing chain-

Up te 9 elements in the picture may be tagged “MENU=
name; n”, where “name” identifies a menu in the Human

ing to any arbitrary depth. Oaly the final selection is returned
to the process.

CONTAINS MOTOROLA MOBILITY, INC. CONFIDENTIAL BUSINESS
INFORMATION, SUBJECT TO PROTECTIVE ORDER
MOTM_24063_0019526



5,502,839

43

Preceding an item with “+" indicates that the item is
currently “active” and causes a check mark to be displayed
beside it whenever the menu is opened. Preceding an item
with “— indicates that the corresponding option is not
currently available and cannot be selected.

4

cally, without disturbing the current state of the Human
Interface or of any applications using the Human Interface.
In other words, the Human Interface is independent of
particular I/O devices, and the idiosyncracies of the devices
arc hidden from the Human Interface.

5
An “arguments” string can be appended to the tag of an FIG. 13 represents a flowchart showing how virtual input
clement in the menu. The string is passed “as is” to the is handled by the console manager. The virtual input may
;Ii‘{l’cl;caﬁ‘m when the item is selected. take any of several forms, such as a keystroke, cursor
MP'T . . . position, action, function key, menu, etc.
e P O POt comprS KoYt v o xample, gardg e aperaions bl ok 51
lement, located anywhere in the pictur y t if the virtual input to the console manager is a keystroke,
:csponse aron. This iz pencrally a:eggng:farm;iati?;cf:t?icﬁ then the console manager checks to see whether the cursor
) R J is inside a window. If so, it checks to see whether it
3 aser oan type “:ebmtf"fm%“g;ég%‘,{cs‘ed by the prompt.  gripinated from a virmal terminal, and if not it checks to sce
'Is‘w (:) emencrxg;xcsmcgtsa%fgegcd “ENTER” and “CANCEL". 15 tvghethgtrm an edit operation is taking place. If not, it updates
. furth * . ’ e picture.
display target text or symbols which are used to complete the . . . ,
prompt. When the “cnter” element is selected by the user, the . Regarding the operations beneath block 232, if the virtual
text typed in the response area is returned to the originator input represents a cursor position, then the console manager
of the prompt. checks to see whether the auto-highlight option has been
If the “cancel” element is selected instead, the prompt is 20 e;:abled. Iéyesz ';gh&‘?ki tot;ee “;hether the cursor is on an
cancelled with a null response. The response element is clement., 80 it hig 18 s that element,
optional. If omitted, thc “cntcr” and “‘cancel” clements Regarding the operations beneath block 233, the console
effectively correspond to “yes” or “no” responses. Typing a ~ Manager uscs any of the indicated actions to updatc a
“carriage return” character will have the same effect as picture, update a window, or initiate dialog, as appropriate.
selecting “enter” The prompt is erased when any responseis o5  Regarding the operations beneath block 234, if the virtual
given, or by an explicit “cancel” request. input is from a function key, the console manager notifies the
INFORMATION dialog manager.
An_information picture comprises text (and possibly Regarding the operations beneath block 235, if the virtual
B amabert 1o e provae, s saally aggod “DONE" Whon 5 e O et T By
J 1o see whether the cursor is in a window. If not, it determines
gs eigmtgill ilS Seh’:_cwd. thﬁ il;lformation pictur& is erased *° that it is on & user metaphor; if 5o, it requests a menu from
om toe display. I no such element 1s given, the process the window. If the menu is defined, it notifics the owner of
which requested the information to be displayed must send  the window (or metaphor), activates a pop-up menu, gets a
an explicit “cancel” request when it wants to get rid of it. response, and sends the response to the window owner.
INPUT/OUTPUT DEVICE INDEPENDENCE 35 g‘i 'Mhmggdmll;)s' ?heﬁ%‘,”cct"ﬁt ;‘;g:;g EI‘%: p“““ﬂ‘.'cm
output is hani i 2 i
In the present invention all system interaction with the manager 240 accepts virtnal output from the console man-
outside world is either through “virtual input” or “virtual ager and then, depending upon the type of operation, per-
output” devices. The system can accept any form of input or forms the requested function. For example, if the operation
outﬁix‘; cflievigc. ’I‘hefHuman It(llterface is constructed using a © is a replace operation, the picture manager 240 replaces the
well-defined set of *“virtual devices” All Human Interface old output with the new and sends the change(s) to the
functions (windowing, picture—drawing, dialog manage- window manager. The window manager sends the change to
mﬁ’;; ctc.)uxtxs:lmis se; of dcv;c;cs t;xc;usivelg. y the output manager, which in turn sends it to the real device.
ese i input devices take the form of “keys” (typed
textual input); “position” (screen coordinates); “actions”
(Huma.n Intcrfacc functions S|:\Ch as “opeu WilldO\V", etc.); 45 DESCRIP’HON OF SO[IRCE CODE LISTING
“functions” (user-defined actions); and “means” (pop-up Program Listings A and B contain a “C” language imple-
lists of choices). . o mentation of the above-described concepts relating to input/
Virtual output devices produce devxqe—mdeper_ldent out- output device mdemnd_ence. The fqllqmng chart indicates
g;lét:z t;};t., lt;ne;,t rr:ctanegée:, pgzgo?smh c;x“;:les, elixgses, dis- 50 where the relevant portions of the listing may be found.
ints, bit-mapped symbols, it-mapped arrays.
FIG. 12 shows how the console manager operates upon Function
virtual input to generate virtual output. The lowest layer of
HI software converts input from any “real” physical devices Lincs Numbers in
to the generic, virtual form, and it converts Human Interface Program Listing A
output (in virtal form) to physical output. 55 Miin-tims: initialization: ocept i 150-222
FIG. 12 shows the central process of the Human Interface, D;:,'nﬁm' :’;; of ;;::{ scoept tapot 486-521
the console manager 220, dealing with virtual input and Virual key 523-631
producing virtual output. Virtual input passed through the Virtual position 633-661
virtual input manager 221 is processed directly by the Vistal action 663-702, 763-1200
console manager 220, while output is passed through two 60 g:ﬁ x;‘;” ;gg:?,g?
intermediate processes—(1) a picture manager 222, which Lines Numbers in
manipulates device—independent graphical images, and (2) Progrem Listing B
a window manager 224, which presents a suhset (called a
“view") of the overall picture to the virtual output manager Main-line; initialization; start p ing 125-141
226. 65 gcctgm requests {virtual output); check 161-203
2 es
Any number of physical devices can be connected to the nwmﬁfa type of request 239-310

Human Interface and can be removed or replaced dynami-
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-continved It will be apparent to those skilled in the art that the herein
Function disclosed invention may be modified in numerous ways and
may assume many embodiments other than the preferred
lchw 410-457 _ form specifically set out and described above. For example,
Rglym g;;:gg 3 it may ‘be implemented in other than a distributed data
Erase 587-60Y processing systern.
Move 634-678

Accordingly, it is intended by the appended claims to
cover all modifications of the invention which fall within the
true spirit and scope of the invention.

Send changes 1265-1352
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What is claimed is:
1. A virtual input interface in a data processing system,
said interface comprising:
means for accepting input from at least one physical

226

11. The virtual output interface as recited in claim 10 and
further comprising a display device, wherein said virtual
output accepting means further comprises a window man-
ager process for controlling the display of said plurality of

device and for converting said physical device input § relaled piciure elements on said display device.

o vinuel npul,said means comprising avirualinput & T MR uiow tnerface as rected in clim 9,

manager process responsive to said at least one physi- . - N

cal input device for generating a picture, said picture virtual output én anager plro ccss‘ rci_sp onswc;'to sa‘% one ot

comprising one or more picture elements, each picture [rore processed picture elements for coupling sai one or

element comprising a plurality of devicc; independent 10 more pzoce_ssed picture elements to said at least one physical
. urali s % output device,

data sml;cmres n "} prggetenmncd, standard data for- 13. The virtual output interface as recited in claim 9,

mal, at least one of said data structures comprising a wherein said at least one physical device can be removed

plurality of different data fields each containing infor-  from said system without affecting the operation of the

mation describing said picture element; and remainder of said system. )

means responsive to said virtual input for performing '*  14. The virtual output interface as recited in claim 9,

processing operations upon said virtual input, said wherein at least one additional physical device can be added
means comprising a console manager process for per- to said system without affecting the operation of the remain-
forming processing operations on said one or more der of said system. . .

picture elements, 15. In a data processing system, an mtm:face:~ between

2. The virtual input interface as recited in claim 1, wherein 20 Processes and data in said system and physical input and
said input accepting means accepts input in thc’ form of output devices coupled to said system, said interface com-
keystrokes. prsing: . . .

31;. The virual input interface as recited in claim 1, wherein means responsive to one of said physical input devices for
said input accepting means accepts input in the form of generating a picture, said picture comprising one or
cursor position, 25 more 1:»Ixccul1"e elinéem's, qa%b plct(lizre e;emem compris-

. ] ; o : . ty of device-independent data structures in

4. The virtual input interface as recited in claim 1, wherein Ing a plura ity

g b o 3 b g a predetermined, standard data format, at least one of
sauti mp(;xtﬁacgcputxilg means accepts input in the form of said data struclures comprising a plurality of different
sysse’ll‘it;e iirl:\ial :;gpg:x isr;tcrfaoe asrecited in claim 1, wherein data ﬁelgls cach containing information describing said

q b s X 4 30 picture clement;
i?g_éi%‘;:ﬁ%&i smeans accepts input in the form of means for performing processing operations on said one

. . . s : R i e X

6. The virtual input interface as recited in claim 1, wherein m:;;;nz:pg ‘;t:,r: teol s?;m:n:zg more processed picturc

;?;iulzg;‘:c;zﬁpmg means accepts input in the form of elements for coupling said one or more processed
- ; . eos : . icture elements to one of said physical output devices.

7. The virmal input interface as recited in claim 1, wherein 3° 16pTh : < :

. : X : ; . The data processing system as recited in claim 15,
said at x"?‘:; onea;gxysgcal g}e‘”cc can be rt;cnt;oved ﬁf”g sau} wherein said one or more picture elements define a graphical
sy§tcm without aflecting the operation of the remainder o object and at least one attribute thereof.
said system. o . 17. The data processing system es recited in claim 16,

8. The virtual input interface as recited in claim 1, wherein 4p Wherein onc of said data fields describes the length of the
at least one addmonali physical dev1f:e can be addeq to saiq associated picture element.
system without affecting the operation of the remainder of 18. The data processing system as recited in claim 16,
said system, wherein one of said data fields identifies the particular type

9. A virtual output interface in a data processing system, of the associated picture clement.
said interface comprising: B 19. The data processing system as recited in claim 16,

a source of virtual input, said virtual input comprising one 43 wherein one of said data fields describes the position of the

or more picture clements, each picture element com- associated picture element relative to row and column
prising a plurality of device-independent data struc- coordinates on a picture of which said picture element forms
turcs in a predetermined, standard data format, at least a pzaél,m P . ited in claim 16
one of said dala structures comprising a plurality of 0 - 1he data processing system as recited i claim 16,
different data fields each comtaining information wherg,m one of said data fields describes the size of the
describing said picture clement; ass;lcaﬁc‘l} ;g;t;xr:;ﬁr:seig; system as recited in claim 16
mﬁ'; for lierf%'?mg pmceﬁssmg ‘;ﬁeaxianotns :n sald Vit wherein one of said data fields describes the color of the
input and for generating virtual output; associated picture element.

means for accepting said virtual output; and 55 22. The data processing system as recited in claim 18,

means for converting said virtual output into at least one wherein said means responsive to one of said physical input

physical output suitable for use by at least one physical devices comprises a virtual input manager process.
output device. 23. The data processing system as recited in claim 18,

10. The virtual outpur interface as recited in claim 9, wherein said means responsive to said one or more pro-

wherein said virtual input comprises a plurality of related %0 cessed picture elements comprises a virtual output manager

picture elements and wherein said virtual output accepting
means comprises a picture manager process for controlling
said plurality of related picture elements.

process.
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