
EP 0 229 336 B1 Description This invention relates to processing systems
and more particularly to processing systems performing multiple tasks while
sharing the same physical resources. 5     Two types of data processing
systems are known in the art. One type has a single workstation with
input/output devices that communicate with its own separate processor. The
other type has a plurality of workstations that share and access the same
processor. A user of either of these systems is confronted with a problem
of not being able to effectuate interrupt driven events at the user's
command. For example, while a user is using the system for creating a
report 10  using an editor, the user may need to interrupt the word
processing session and switch instantly to another program, such as to look
up a phone number that resides in a program that is different from the one
the user is using as an editor. This problem has been addressed such that a
system allows the output display to share its screen with a plurality of
programs at the same time. To accomplish this, the screen is divided such
that each program 15  is shown on its own portion of the output display
screen. This is commonly referred to as screen sharing. However, this
method of screen sharing is expensive since a large amount of CPU cycles
are required. Screen sharing is expensive because all of the multiple
windows contained on the one screen must be maintained. Also, there is an
additional expense in clipping the output display of the application to
subscreen boundaries. 20      Another problem with screen sharing is that a
large amount of development time is needed to write the application program
in a way that it will be executable in a screen sharing environment. Also,
each application must be aware that it is working in this multiple activity
environment. Screen sharing also imposes additional requirements on an
application. Usually the applications have to share resources such as the
screen display. The applications must also agree to the amount of screen
that 25  each application will receive. Thus, the application must know
that it is working with something less than the full portion of the screen.
Another problem arises with processing systems that utilize an UNIX*
operating system. UNIX operat- ing systems allows multiple activities, thus
creating a multi-process system. This is referred to as a multi- thread
environment. This allows a user to run several applications at one time.
However, only one 30  application can actually interact with the terminal.
If more than one application tries to interact with the terminal at the
same time, there is an undesired conglomeration of output from the
applications. The user must then control the output from the other
applications in the background. This is called blind background processing,
which is difficult to monitor. One way to solve this multi-thread problem
is to add physical devices to the workstation. However, it is 35  not
expedient for every task and/or virtual machine to have a unique physical
terminal. The cost of multiple displays, keyboards, locators, and other
interactive resources prohibits a profusion of such devices. A workstation
is generally restricted to the number of devices it can support by the
adaptor slot or the power limitations. The facilities such as office or
desk space, electrical outlets, etc., also place constraints in the number
of devices that a user can effectively use. There are additional
inconveniences in the physical 40  movement of multiple devices. Also,
refocusing of one's concentration is required when a multiplicity of
interactive devices are used. PROCEEDINGS OF THE 7TH SYMPOSIUM ON OPERATING
SYSTEM PRINCIPLES, 1979, pages 86- 97, ACM; K.A.LANTZ et al.:"Virtual
terminal management in a multiple process environment" describes a virtual
terminal system where, in contrast to the present invention, each physical
terminal or workstation has 45  its own virtual terminal management means.
IBM TECHNICAL DISCLOSURE BULLETIN, vol.26, no.3A, August 1983, page 945;
K.F.KELLY, Jr.:"Multiple terminal simulator" describes a virtual terminal
management means which takes the form of an application program invoked by
the user. It is therefore an object of this invention to present a user
interface that allows the user to switch readily so  back and forth between
multiple activities in a multi-process system. It is a further object of
this invention to reduce the processing overhead of a multiple activity
environment. It is a further object of this invention to eliminate the need
for an application program to known that it is running in a multiple
activity environment while running in the processing system. 55    It is a
further object of this invention to control the output display of multiple
applications in a multi- process system. * UNIX  is a trademark  of AT&T
Bell Laboratories. 2 



EP 0 229 336 B1 It is a further object to minimize system cost and maximize
operator convenience. In the processing system of this invention, the
physical interactive resources are shared by a plurality of applications in
a multiple thread environment with the utilization of virtual terminals.
Virtual terminals provide terminal Input/Output in support of multi-tasking
for an operating system running in a single virtual machines 5  and/or
multiple virtual machines. The term virtual terminal implies the
appearance, to a virtual machine or several virtual machines, of more
terminals than actually physically exist on the workstation. The virtual
terminals time share the physical displays, resulting in a full screen
virtual terminal management subsystem. However, the implementation of time
sharing does not restrict application packages from space sharing the
screen of a single virtual terminal among multiple processes. 10     Thus
the processing system of this invention opens, closes, activates, and
deactivates virtual terminals as needed by applications to simulate their
own actual hardware I/O devices. Hence, the applications perceive that they
are in an environment that gives them the full resource. This includes the
resources of the display, memory, keyboard and locator input. In other
words, an entire screen is given to the application as opposed to sharing
portions of the screen with other applications. 15     When in use, an
application has total use of these resources. However, when not in use, the
processing system removes these resources from the application without the
applications' awareness. It does this by substituting virtual output
resources to allow the application to continue execution until it requires
user input. The invention, which is defined in the attached claims, is
described in detail below with reference to the attached drawings, of
which; 20    Fig. 1 shows the layers of a processing system. Fig. 2 shows
the components of the virtual terminal subsystem. Fig. 1 shows the layers
of a processing system of this invention. The application 50 runs on an
operating system 10, such as UNIX. The next layer is the virtual machine
interface 20. Next is the virtual resource manger 60 which manages all of
the input/output devices 40. The virtual terminal subsystem 30 is 25  part
of the virtual resource manager 60. In the processing system of this
invention, a user driven user interface switches between activities upon a
command from the user. This processing system virtualizes the use of the
resources, such that the entire resource is given to an application for a
user's activity. This is carried out in the virtual terminal subsystem 30.
The virtual terminal subsystem provides terminal support for the virtual
machine environment. 30     Virtual terminals provide applications with the
freedom to act as If they own the entire real terminal. Virtual terminals
give the virtual machines the impression that there are more display
devices than are physically present, that there are more input devices than
are physically present, and that these devices have different
characteristics than the physical devices. Also, with virtual terminals a
program can be written such that it is independent of the specifics of
physical terminal devices, e.g., display buffer organizations, 35  presence
of optional input devices, etc. Additionally, virtual terminals relieve the
programmer of developing individualized mechanisms for dealing with the
limitations of the actual resources. This processing system allows multiple
program activity at the lowest layer of the system design as opposed to the
application level as discussed in the Background Art section of this
application. Virtualization of terminals is at the very base of the
processing system. In this way, any application that is used in the 40
system  can take advantage of multiple activities regardless of the
internal structure of that particular program. The program does not have to
consider the implementation of virtual terminals, and does not know that it
is being utilized in that fashion. Virtualization occurs at a fundamental
layer of the processing system as opposed to implementing it within an
application. Virtualization occurs below the operating system at the
fundamental layer called the virtual resource 45  manager. The virtual
resource manageris responsible for disk, memory and terminal
virtualization. Many different virtual machines can run on the virtual
resource manager, with each virtual machine running a different operating
system. The virtual terminal model of this invention utilizes the emulation
of a glass teletype, such as a keyboard send/receive (KSR) teletype,
although other models could be used. 50     The terminal model of the
preferred embodiment supports the terminal requirements for the UNIX
operating system in a virtual machine environment. The UNIX operating
system requires a glass teletype emulation such as the Digital Equipment
Corporation VT100, or IBM 3101 which is an enhancement of the original
keyboard send/receive (KSR) teletype. The KSR terminal model is an ASCII
terminal emulation in the spirit of the ANSI 3.64 standard utilizing 



55  a PCASCII code set rather than the ANSI 3.4/3.41 code sets. The ANSI
3.64 data stream is extended, as specified by the standard, to support
enhanced sound generation capability, to handle the flow of locator events,
and to provide various controls to switch physical displays, fonts, and
terminal characteristics. Each virtual terminal embodies the
characteristics of a single keyboard send/receive terminal. That is, it 3
EP 0 229 336 B1 recognizes and processes the data stream received from the
virtual machine causing the requested actions to occur. These include
moving the cursor or drawing characters onto the virtual display, inserting
or deleting lines, clearing the screen, or changing the attributes with
which characters are rendered. In addition to these actions, the outbound
data stream can cause the generation of sequences of continuous tone 5
sounds, or cause the virtual display to be rendered on any of the available
physical displays. A virtual terminal receives input from a virtual
keyboard and/or a virtual locator, and outputs to a virtual display. Thus
the virtual terminal can always expect to get input from its virtual input
devices and can always output to its virtual display. These virtual devices
may or may not have physical devices allocated to them. Therefore, the
virtual terminal may not actually get input or write to a physical display.
As each virtual 10  terminal recognizes and processes the data stream
inbound from the keyboard, it can, if requested, automatically echo various
characters and simple functions back to its virtual display. This behavior
permits the application to run as if it were using a real KSR terminal.
Thus the large body of old applications require no modification to run in
this virtual terminal environment. Fig. 2 shows the components of a virtual
terminal manager within the virtual resource manager. The is  virtual
machine interface 20 is the top level presented to all virtual machines of
all support for the virtual resource manager. Below the virtual machine
interface layer 20 are the components of the virtual terminal manager. The
virtual terminal manager comprises a resource controller 310, a screen
manager 320, a keyboard device driver 410, a locator device driver 420, a
sound device driver 430, a display device driver 440, and 20   multiple
virtual terminals 330. The resource controller 310 initializes and
terminates the subsystem. It also allows a virtual machine to query and
modify the configuration and characteristics of the interactive devices,
the real terminal, available to the user. Furthermore, it allocates and
deallocates the system resources required for the operation of a virtual
terminal as it is opened and closed, i.e., created or destroyed. 25     The
screen manager 320 performs the allocation of physical devices to the
virtual devices used by the virtual terminals. The screen manager, in
conjunction with the keyboard and locator device drivers, implements the
time and space sharing required to virtualize these input devices. In a
similar manner, the screen manager, in cooperation with the virtual display
driver, implements the time sharing required to virtualize a display. At
any time the display is allocated to one and only one of the virtual
displays used by 30  the virtual terminals. The screen manager allocates
all the physical devices en masse to the virtual devices of the active
virtual terminal. The active virtual terminal is the terminal with which
the user may interact. The active virtual terminal can actually get input
and produce output on a display. The screen manager also provides for
reallocation of the physical resources. The impetus for 35  reallocation
results from either user requests or application requests. User requests
are through the logical keyboard, or a similar logical mouse, allocated to
the screen manager. It involves deallocating the resources from the
currently active virtual terminal and the allocation to the newly active
virtual terminal. This allocation requires the cooperation of both virtual
terminals involved. As mentioned above, the participation of the device
drivers ensures synchronization of events such as keystrokes and work
request acknowledge- 40  ments. Another component of the virtual terminal
manager subsystem is the keyboard device driver 410. The keyboard device
driver routes input events from the real keyboard to virtual terminals
based on instructions from the screen manager. Optional components of the
virtual terminal manager subsystem are the locator device driver 420, and
45  the sound device driver 430. The locator device driver routes input
events from the real locator to virtual terminals based on instructions
from the screen manager. The sound device driver provides sound for the
subsystem. Also, there are from one to four display device drivers 440
which service interrupts from the display adaptors. 



50     The virtual terminal manager subsystem  comprises from one to 32
virtual terminals. Each virtual terminal has an instance of the virtual
terminal mode processor 340. The virtual terminal mode processor provides
the KSR-like behavior of the virtual terminal. Each virtual terminal also
has an instance of the virtual display driver 350. The virtual display
driver 350 is the target of all virtual terminal mode processor outputs to
the display, and virtualizes the display. Each virtual terminal also has a
common device utility by 55  which the virtual terminal mode processor
communicates its resource requests to the resource controller.
Initialization of the virtual terminal subsystem is performed by the
resource controller. First, the resource controller must receive a list
containing the real devices (displays, keyboard, etc.) identifiers for the
various other subsystem components, fonts, and the virtual terminal
defaults. Initialization requires: 1) checking the 4    EP 0 229 336 B1
above initialization information for completeness and correctness, 2)
initializing the real input devices, 3) processing the supplied fonts, 4)
creating the screen manager, 5) creating the paths necessary for
communication with the screen manager, 6) attaching the input devices to
the screen manager, 7) attaching the screen manager to the virtual resource
program check handler, and 8) initializing the global data 5  structure
shared between some components. The resource controller initializes the
subsystem in the following manner. The following routine is In program
design language from which source and machine code are derivable. 10
INITIALIZE  GLOBAL DATA  STRUCTURE IF THE INITIALIZATION INFORMATION NOT
COMPLETE AND CORRECT THEN PRESENT ERROR INDICATION ELSE CALL INITDEVICES 20
CALL CREATE SM 25                   PRESENT  SUCCFSS  INDICATION PREPARE TO
SERVICE RESOURCE COMMANDS FROM THE OPERATING SYSTEM 30 The routine
INITDEVICES initializes the various device drivers in the system and places
the requisite information in the global data structure for use by various
components. It also derives the information necessary for the system use of
the fonts identified in the initialization parameter. The routine also
creates communication paths from the devices to the resource controller
(RC). 35     The routine CREATESM creates the screen manager (SM) process
and communication paths from it to the resource controller (RC), keyboard
and locator device drivers, and the operating system. VIRTUAL TERMINAL OPEN
40     After initialization, the resource controller is ready to accept
resource requests. When a request is received from an operating system to
open (create) a virtual terminal, the resource control takes the following
steps: 1) creates the process for the virtual terminal, 2) performs the
necessary functions (copy, bind) on the virtual terminal mode processor to
establish a functioning process, 3) establishes communica- tion paths
to/from the virtual terminal mode processor and from/to the device drivers
present, 3) assigns an 45 external identifier to the virtual terminal, 4)
attaches the virtual machine to the virtual terminal, and 5) initializes
the virtual terminal process, passing the requisite information in the
process initialization param- eter. The resource controller opens a virtual
terminal as indicated above by the following routine: 50 55 5    EP 0 229
336 B1 IF MAXIMUM NUMBER OF VIRTUAL TERMINALS OPEN 



THEN 5                     INDICATE NO SUCCESS ELSE CREATE VT 10
CREATE PATHS INITIALIZE THE VIRTUAL TERMINAL (see below) TELL SM (OPEN)
INDICATESUCCESS 15 The routine CREATEVT copies the code for the virtual
terminal mode processor (VTMP). This permits each virtual terminal to have
its own data and stack space. The routine then creates a process for the
virtual terminal. It also creates names for internal and external
(operating system) identification of the virtual 20  terminal. The routine
CREATEPATHS establishes communication paths to/from the virtual terminal
from/to the device drivers present and the operating system that requested
the open. It also establishes communication paths from the screen manager
(SM) to the virtual terminal. Both CREATEVT and CREATEPATHS save
information in the global data structure. 25     The routine TELLSM tells
the screen manager (SM) that a new virtual terminal is opened. It sends the
name of the new virtual terminal (and index into the global data structure)
so the screen manager (SM) can derive needed information. The screen
manager (SM) proceeds to make the virtual terminal active (see below). The
routine TELLSM waits for the screen manager (SM) to finish before allowing
the resource controller (RC) to continue. 30     The routine
INDICATESUCCESS returns the external identifier for the virtual terminal
and a commu- nication path from the operating system to the virtual
terminal to the operating system. The virtual terminal mode processor
(VTMP) must finish the initialization of the virtual terminal. After the
virtual terminal is initialized, the virtual terminal mode processor
performs the following routine: QUERYDEVICES 35  SELECT__DISPLAY
SELECTINPUT The routine QUERYDEVICES returns the identifiers for the
available devices. The routine SELECTDISPLAY allows the virtual terminal
mode processor (VTMP) to choose which of the available displays to use. The
SELECTDISPLAY function copies the virtual display driver for the chosen
display 40  and binds the copy to the virtual terminal mode processor. This
allows the virtual terminal to use its virtual display independently of
other virtual terminals. The virtual terminal may begin to interact with
the user when it becomes active. The routine SELECTINPUT allows the virtual
terminal mode processor (VTMP) to choose to receive or not receive input
events from the keyboard and/or locator. 45     At this point, the
operating system is able to communicate with the virtual terminal. The
operating system also is able to issue screen management commands
concerning the virtual terminal, if attached to the screen manager. VIRTUAL
TERMINAL CLOSE 50 To close a virtual terminal that has been opened by the
above stated steps, either the operating system or the virtual terminal may
issue a close request. The resource controller (RC) receives the command
and performs the following actions: TELLSM (CLOSE) 55  RECOVERRESOURCES
INDICATECOMPLETION The routine TELL_SM sends a command to the screen
manager (SM) identifying the virtual terminal to close, via the internal
identifier. It waits for the screen manager (SM) to complete its duties
(see below). The 6    EP 0 229 336 B1 routine RECOVER RESOURCES recovers
all resources (storage, control blocks, etc.) used by the closed virtual
terminal and removes the virtual terminal from  the global data structure.
The routine INDICATE__COMPLETION notifies the operating system (if it is
the requestor) of completion; a virtual 



terminal cannot be notified because it no longer exists. 5     The screen
manager (SM) performs the following actions while the resource controller
(RC) waits: COMMANDMP (CLOSE) NEWVT  ACTIVE ACKRC The routine COMMANDMP
sends a CLOSE command to the virtual terminal via the communication 10
path between them, and waits for the virtual terminal (VTMP) to respond.
The routine NEWVTACTIVE makes another virtual terminal active, that is,
allocates the real input and output devices to that virtual terminal (see
below). The routine ACKRC communicates with the RC which allows the RC to
continue its close processing. The virtual terminal mode processor (VTMP)
receives the CLOSE command and performs the following 15 actions:
RELEASEDISPLAY ACKSM TERMINATE The RELEASEDISPLAY routine indicates to the
virtual display driver (VDD) that it can release its 20  resources. The
ACK__SM  routine allows the screen manager (SM) to continue its close
processing. TERMINATE is not a routine; the virtual terminal mode processor
(VTMP) terminates the virtual terminal process by returning. VIRTUAL
TERMINAL ACTIVATION/DEACTIVATION 25 The act of making a virtual terminal
active may happen because of an open or close, or because the user has
requested that another virtual terminal be made active. It requires the
cooperation of the screen manager, (SM), the virtual terminal mode
processor (VTMP) (or equivalent) for the currently active virtual terminal,
the virtual terminal mode processor (VTMP) for the next active virtual
terminal, and the input 30 device drivers. The screen manager (SM) performs
the following actions: FINDVT COMMANDKDD(NEW VT) COMMAND LDD(NEWVT)
COMMANDVT(DEACTIVATE) 35 COMMANDVT(ACTIVATE) UPDATEDATA(NEW  VT) The
routine FINDVT determines what virtual terminal should be made active. The
result depends on the rules for screen management and the actual command
received. The routine COMMANDKDD sends a command to the keyboard device
driver (KDD) identifying the 40 virtual terminal to receive input from the
keyboard. The routine COMMANDLDD sends a command to the locator device
driver (LDD) identifying the virtual terminal to receive input from the
locator. These routines wait for the device drivers to complete their
actions before returning. The device drivers perform identical actions (see
below). The routine COMMANDVT with the deactivate option causes the
currently active virtual terminal to 45 perform whatever actions are
necessary (see below). The routine COMMANDVT with the activate option
causes the newly active virtual terminal to perform whatever actions are
necessary (see below). The routine UPDATE__DATA manipulates the screen
manager's (SM's) internal structures so that it knows what virtual terminal
is active. The keyboard device driver (KDD ) and/or the locator device
driver (LDD) perform the following: 50  SET  NEW  PATH  MODES SENDSTATUS
ACK_SM The routine SETNEWPATHMODES places the identifier for the
communication path to the newly active virtual terminal into an internal
structure. It also sets up the correct operating mode of the device for 55
the virtual terminal. The routine SEND STATUS informs the virtual terminal
about the current device status, i.e., what relevant keys (or buttons) are
already pressed when the virtual terminal becomes active. The routine ACKSM
allows the screen manager (SM) to continue its processing in a synchronized
7    



EP 0 229 336 B1 fashion. The virtual terminal mode processor (VTMP) of the
virtual terminal becoming inactive performs the following: DEACTIVATEVDD 5
NOSOUND The routine DEACTIVATE__VDD tells the virtual display driver (VDD)
for the virtual terminal that it cannot write to the display, but must
buffer output from the virtual terminal. The routine NOSOUND sets internal
flags for the virtual terminal mode processor (VTMP) so that it does not
send operating system requests for sound to the sound device driver (SDD).
10     The virtual terminal mode processor (VTMP) of the virtual terminal
becoming active performs the following: ACTIVATEVDD SOUND_OK The routine
ACTIVATE_VDD tells the virtual display driver (VDD) for the virtual
terminal that it can 15  write to the display; however, the virtual display
driver (VDD) first sends the buffer it maintained to the display. Thus the
user sees the most current information available from the application. The
routine SOUND__OK sets internal flags for the virtual terminal mode
processor (VTMP) so that it sends operating system requests for sound to
the sound device driver (SDD). At this point, the user is able to interact
with the newly active virtual terminal. 20 Description of Operation The
virtual terminal takes input from the virtual machine in the form of output
that would have been directed to the real display terminal. It virtualizes
it into its instance. If the virtual terminal is the active 25  terminal,
i.e., the terminal the user is currently interacting with, then the
terminal has as much real resource as it requires. It gets all of the input
from the locator device driver and the keyboard device driver. Therefore
the inputs from that driver will be routed to that instance of that
terminal. Any sound that it generates will go to the sound device driver,
and any display that it generates will be passed to a display driver, and
will be presented to the user on the actual screen of the display device.
30     Other instances of virtual terminals that may be opened but not
currently active could be getting output from a virtual machine. When they
are getting this output the virtual machine interface level appears exactly
the same to their virtual machine, whether they are active or inactive.
Therefore, when an inactive virtual terminal gets an output request to
display, instead of sending that request to a device driver, it will be
virtualizing that into a device driver buffer. 35     This buffer Is a
piece of storage (RAM) to hold the current state of the display. At any
instant, the virtual presentation space buffer of a virtual terminal
contains the accumulated front of screen representation of all output
requests sent to the virtual terminal. If the terminal gets activated by
the user, the contents of the virtual device buffer will be displayed on
the actual display screen. At the time that a particular virtual terminal
is given real physical display resources, it must convert the 40
accumulated data in the virtual presentation space to real display device
commands. This results in the user being able to see the current snapshot
of information. In other words, when a virtual terminal is forced to
relinquish its real display resources, it is conceptually similar to the
user turning his head away from a real terminal for a period of time. When
he turns his head back to look at it, he sees the total accumulated display
modification to that point in time. 45     It is important that the
presentation space buffer be updated even when no real devices are
allocated to it. These virtualized presentation buffers are maintained in
device dependent form in the display device driver component of the virtual
terminal management subsystem. The screen manager interacts with a user in
the following fashion. A ring of terminals exists such that each time a
virtual terminal is opened it is placed into this ring. At the time a user
wants to interact with a 50  particular terminal, and therefore a
particular application, the user can hit a certain key sequence on the
keyboard. This key sequence is transmitted to the screen manager by the
keyboard device driver. The screen manager determines by checking the ring
structure, which of the terminals currently available to the user should be
made active. In this manner a user can decide which activity or which
application he selects to interact with at any given time. 55     The
activities involved in changing the activity state of a terminal involve
the screen manager, the device drivers and the virtual terminals. The
sequence of events is as follows. At the time the screen manager is
notified that a new terminal is supposed to be made active, it sends the
new routing information to an input device driver. The keyboard or locator
device driver receives this information and decides that It 



8    EP 0 229 336 B1 then needs to change the routing such that input
events go to the newly active virtual terminal. Such is the case for the
input devices. The output devices are handled in a slightly different
fashion. The virtual terminal is notified by the screen manager that it is
to become inactive. The virtual terminal itself is responsible, in the case
of the sound device driver, for deciding that it can no longer send sound 5
requests to the sound device driver to produce sound audible to the user.
For the virtual display driver there is a different mechanism. In this
case, the virtual display driver is evidenced to the virtual terminal as a
series of routines that can be called by the virtual terminal to produce
output on the display. At the time a terminal is made inactive, it calls a
routine of the virtual display driver that indicates that the terminal is
inactive. In this case, when a virtual machine tries to output to a display
10 through its virtual terminal, the virtual display driver places any
information that it would send to the device in the virtual presentation
space, instead. This allows the application that is using the virtual
terminal to communicate with the virtual terminal as if it were still
active. The terminal that is becoming active calls a routine of the virtual
display driver that indicates that the terminal is active. The virtual
terminal is now able to use its virtual display driver in the same manner
as it would when it was inactive, but its virtual display is driver is now
free to actually write to the display adapter. As a result an application
using a virtual terminal, does not need to know whether it is the active or
inactive virtual terminal. It can communicate with its virtual terminal at
any time. Any updates it does to its display are made visible when its
virtual terminal becomes active again. The application is totally unaware
that its virtual terminal is inactive. Claims 1. A multi-processing
computer system with a plurality of input devices (41) and output devices
(42) for interaction with users, said system comprising: 25         at
least one virtual machine means running an operating system (10) supporting
one or more application programs (50), said virtual machine means having a
plurality of virtual terminals (330) associated therewith, wherein the
operating system passes all input/output requests from the applica- tion
programs to the virtual terminals; and further comprising a virtual
terminal management system (30) for managing all said virtual 30
terminals, and for controlling the allocation thereto of said plurality of
input and output devices; said virtual terminal management system
including: resource controller means (310) for opening and closing virtual
terminals in response to operating system requests, and for providing each
open virtual terminal with buffer space; and screen management means (320)
for allocating an input and output device to a virtual terminal, 35
whereby the output device shows the current state of display of the virtual
terminal, and the virtual terminal can receive user input from the input
device; and wherein each virtual terminal not allocated an output device
saves in said buffer space the current display state thereof. 40  2. A
multi-processing system as claimed in claim 1, wherein the virtual terminal
management system further includes for each open virtual terminal a virtual
terminal mode processor (340) and a virtual display driver (350), wherein
the virtual terminal processor sends all output requests to the virtual
display driver, which if the virtual terminal is not allocated an output
device updates the current display state saved in said buffer space. 45
PatentansprUche 1. Rechnersystem mit Multiverarbeitung mit einer Mehrzahl
von Eingabeeinrichtungen (41) und Ausgabe- einrichtungen (42) fOr eine
Interaktion mit Benutzern, wobei das System folgendes aufweist: 50
zumindest ein Mittel einer virtuellen Maschine, das ein Betriebssystem (10)
einsetzt, das ein oder mehrere Anwendungsprogramme (50) unterst~tzt, wobei
das Mittel einer virtuellen Maschine eine- Mehrzahl ihm zugeordneter
virtueller Datenstationen (330) aufweist, bei welchem das Betriebssystem
alle Eingabe/Ausgabe-Anforderungen aus den Anwendungsprogrammen zu den
virtuellen Datentstatio- nen Ubertrggt, 55     und ferner folgendes
aufweist: ein Verwaltungssystem (30) fUr virtuelle Datenstationen, um alle
virtuelle Datenstationen zu verwalten und um die Zuordnung der Mehrzahl von
Eingabe- und Ausgabeeinrichtun- gen zu denselben zu steuern, 



wobei das Verwaltungssystem fur virtuelle Datenstationen folgendes
aufweist: 9    EP 0 229 336 81 then needs to change the routing such that
input events go to the newly active virtual terminal. Such is the case for
the input devices. The output devices are handled in a slightly different
fashion. The virtual terminal is notified by the screen manager that it is
to become inactive. The virtual terminal itself is responsible, in the case
of the sound device driver, for deciding that it can no longer send sound 5
requests to the sound device driver to produce sound audible to the user.
For the virtual display driver there is a different mechanism. In this
case, the virtual display driver is evidenced to the virtual terminal as a
series of routines that can be called by the virtual terminal to produce
output on the display. At the time a terminal is made inactive, it calls a
routine of the virtual display driver that indicates that the terminal is
inactive. In this case, when a virtual machine tries to output to a display
10  through its virtual terminal, the virtual display driver places any
information that it would send to the device In the virtual presentation
space, instead. This allows the application that is using the virtual
terminal to communicate with the virtual terminal as if it were still
active. The terminal that is becoming active calls a routine of the virtual
display driver that indicates that the terminal is active. The virtual
terminal is now able to use its virtual display driver in the same manner
as it would when it was inactive, but its virtual display 15  driver is now
free to actually write to the display adapter. As a result an application
using a virtual terminal, does not need to know whether it is the active or
inactive virtual terminal. It can communicate with its virtual terminal at
any time. Any updates it does to its display are made visible when its
virtual terminal becomes active again. The application is totally unaware
that its virtual terminal is inactive. 20 Claims 1. A multi-processing
computer system with a plurality of input devices (41) and output devices
(42) for interaction with users, said system comprising: 25         at
least one virtual machine means running an operating system (10) supporting
one or more application programs (50), said virtual machine means having a
plurality of virtual terminals (330) associated therewith, wherein the
operating system passes all input/output requests from the applica- tion
programs to the virtual terminals; and further comprising a virtual
terminal management system (30) for managing all said virtual 30
terminals, and for controlling the allocation thereto of said plurality of
input and output devices; said virtual terminal management system
including: resource controller means (310) for opening and closing virtual
terminals in response to operating system requests, and for providing each
open virtual terminal with buffer space; and screen management means (320)
for allocating an input and output device to a virtual terminal, 35
whereby the output device shows the current state of display of the virtual
terminal, and the virtual terminal can receive user input from the input
device; and wherein each virtual terminal not allocated an output device
saves in said buffer space the current display state thereof. 40  2. A
multi-processing system as claimed in claim 1, wherein the virtual terminal
management system further includes for each open virtual terminal a virtual
terminal mode processor (340) and a virtual display driver (350), wherein
the virtual terminal processor sends all output requests to the virtual
display driver, which if the virtual terminal is not allocated an output
device updates the current display state saved in said buffer space. 45
PatentansprUche 1. Rechnersystem mit Multiverarbeitung mit einer Mehrzahl
von Eingabeeinrichtungen (41) und Ausgabe- einrichtungen (42) fOr eine
Interaktion mit Benutzern, wobei das System folgendes aufweist: so
zumindest ein Mittel elner virtuellen Maschine, das ein Betriebssystem (10)
einsetzt, das ein odor mehrere Anwendungsprogramme (50) unterstUtzt, wobei
das Mittel einer virtuellen Maschine eine Mehrzahl ihm zugeordneter
virtueller Datenstationen (330) aufweist, be! welchem das Betriebssystem
alle Eingabe/Ausgabe-Anforderungen aus den Anwendungsprogrammen zu den
virtuellen Datentstatio- nen Obertr~gt, 55     und ferner folgendes
aufweist: ein Verwaltungssystem (30) fOr virtuelle Datenstationen, um alle
virtuelle 



Datenstationen zu verwalten und um die Zuordnung der Mehrzahl von Eingabe-
und Ausgabeeinrichtun- gen zu denselben zu steuem, wobei das
Verwaltungssystem fOr virtuelle Datenstationen folgendes aufweist: 9
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(310), um entsprechend Betriebssystemanforderungen virtuelle Datenstatio-
nen zu Mffnen und zu schliel3en und um jede offene virtuelle Datenstation
mit einem Pufferraum zu "-'    versehen, und Bildschirmverwaltungsmittel
(320), um einer virtuellen Datenstation elne Eingabe- und Ausgabeein- 5
richtung zuzuordnen, wodurch die Ausgabeeinrichtung den aktuellen Zustand
einer Anzeige der virtuellen Datenstation anzeigt und die virtuelle
Datenstation eine Benutzereingabe aus der Eingabeein- richtung empfangen
kann, und bei welchem jede virtuelle Datenstation, die einer
Ausgabeeinrichtung nicht zugeordnet ist, in dem Pufferraum den aktuellen
Anzeigezustand desselben sichert. 10 2. Multiverarbeitungssystem nach
Anspruch 1, bei welchem das Verwaltungssystem far virtuelle Datensta-
tionen ferner fUr jede offene virtuelle Datenstation einen Prozessor (340)
flr einen virtuellen Datensta- tionsmodus und einen Treiber (350) far
virtuelle Anzeigen aufweist, bei welchem der Prozessor fUr virtuelle
Datenstationen alle Ausgabeanforderungen an den Treiber flr virtuelle
Datenstationen sendet, i5     welcher den aktuellen, in dem Pufferraum
gesicherten Anzeigezustand aktualisiert, falls der virtuellen Datenstation
eine Ausgabeeinrichtung nicht zugeordnet ist. Revendlcatlons 1. Systeme
d'ordinateur en multitraitements avec une pluralite de dispositifs d'entree
(41) et de dispositits de sortie (42) pour un dialogue avec utilisateurs,
ledit systeme comprend: au moins un moyen de machine virtuelle tournant sur
un systeme d'exploitation (10) supportant un ou plusleurs programmes
d'application (50), ledit moyen de machine virtuelle ayant une pluralit6 de
terminaux virtuels (330) associes a celle-ci, dans lequel le systeme
d'exploitation passe toutes les 25     demandes d'entr~e/sortie A partir
des programmes d'application aux terminaux virtuels; et comprenant de plus
un systeme de gestion des terminaux virtuels (30) pour g6rer la totalit6
desdits terminaux virtuels et pour commander l'affectation a ceux-ci de
ladite plurality des dispositifs d'entree et de sortie; ledit systeme de
gestion de terminaux virtuels comprenant: 30         un moyen de contr8leur
de ressources (310) pour ouvrir et fermer les terminaux virtuels en reponse
aux demandes du systeme d'exploitation et pour procurer a chaque terminal
virtuel ouvert un espace de m6moire tampon; et un moyen de gestion d'6cran
(320) pour affecter un dispositif d'entrde et de sortie a un terminal
virtuel, si bien que le dispositif de sortie represente l'Mtat courant de
l'ecran de visualisation du terminal 35     virtuel et le terminal virtuel
peut recevoir une entree de l'utilisateur a partir du dispositif d'entrde;
et dans lequel chaque terminal virtuel non affectd a un dispositif de
sortie sauvegarde dans l'espace de memoire tampon l'ecran de visualisation
courant de celul-ci. 2. Systbme de multitraitement selon la revendication
1, dans lequel le systbme de gestion de terminaux 40     virtuels comporte
de plus pour chaque terminal virtuel ouvert un processeur de mode de
terminal virtuel (340) et un programme de gestion d'ecran de visualisation
virtuel (350), dans lequel le processeur de terminal virtuel envoie toutes
les demandes de sortie au programme de gestion d'ecran de visualisation
virtuel, qui si le terminal virtuel nest pas affecte a un dispositif de
sortie met a jour 1'6tat de l'6cran de visualisation courant sauvegarde
dans ledit espace de m6moire tampon. 45 60 55    


