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(57) ABSTRACT 

Aprocessing system executing multiple programs and oper 
ating under control of an operating system, comprising a 
processor unit Which includes a dispatch/decode unit under 
control of the operating system for dispatching and decoding 
instructions of the multiple programs, the instructions each 
including a program ID. The processor unit further com 
prises a plurality of execution units, each separately select 
able by the operating system for receiving any of the 
instructions of the multiple programs from the dispatch/ 
decode unit, Wherein one of the execution units is executing 
an instruction from one of the multiple programs While 
another of the execution units is executing an instruction 
from another one of the multiple programs. The processor 
unit also comprises a retirement unit storing results of 
executed ones of the instructions uniquely in response to 
each program ID. 
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FULL TIME OPERATING SYSTEM 

FIELD OF THE INVENTION 

[0001] The invention pertains to operating systems for use 
in information handling systems such as computers. 

BACKGROUND OF THE INVENTION 

[0002] In the present state of the art, central processing 
units of computers (“processors”) run programs in a so 
called “time-slice” manner. That is, a single task Will be 
running internally in the processor. The program Will have 
100% of its resources dedicated to the single task. Aprogram 
pointer register keeps track of the current task Within the 
processor. When the task needs other information, data, or 
another program, or times out, the processor stores out the 
state of the processor and restarts the operating system 
program. The operating system then determines Which task 
or program segment to start next. The processor Will store 
out the operating system program processor registers, read 
in the next program registers, and start the next task or 
program segment. The task or program segment that is 
running has no direct access to the resources of the system. 
Whenever the program tries to read or Write a resource of the 
system, a “trap” occurs, and the operating system is 
restarted. The operating systems determines the cause of the 
trap and executes the request, then exits and restarts the 
program. This is a time-consuming and inef?cient process. 

[0003] FIG. 1 depicts a ?oWchart of the state of the prior 
art described above. As shown in FIG. 1, Program or Task 
A 10 tries to read or process or Write a resource of the 
system. This causes the processor to store the state of the 
processor, exit Program or TaskA in step 12, and restart the 
operating system program. In step 14, the operating system 
determines the problem, executes the request, then exits and 
restarts Program or Task A. In step 16, When Program or 
Task A is completed, the processor stores the state of the 
processor and, in step 18, restarts the operating system 
program. The operating system program then selects Pro 
gram or Task B and starts it running in step 20. 

SUMMARY OF THE INVENTION 

[0004] To support full time operation and utiliZation of the 
operating system, modi?cations are needed to alloW the 
operating system to remain running all the time. An object 
of this invention is to provide a full-time operating system 
that operates efficiently and is not being constantly restarted 
When information is needed. 

[0005] To expedite operation and accommodate a full 
time operating system, the operating system is not sWapped 
out of the processor but rather is resident in the processor. 
The processor uses a dedicated operating system instruction 
set register. This register is a master instruction set register. 
Along With the operating control register, the operating 
system instruction set register uses a tagging macro to keep 
track of each operating system request. The tagging macro 
adds an operating system set bit to all requests. In this 
manner, all returning operating system instructions and data 
are tagged With the appropriate operating system operation. 

[0006] The operating system tagging macro alWays oper 
ates at the level Zero or at complete processor resources 
availability. All instruction types are available in the master 

Dec. 20, 2001 

instruction set register Without exceptions. The operating 
system has the ability to reset any function register Within 
the processor by direct means. The operating system also has 
access to the processor resources of any program register 
that the operating system is executing and any program 
register that a task is executing. In addition, the operating 
system has access to the control registers for itself and the 
control registers of the operating tasks. 

[0007] In this Way, the inefficiencies of the present state of 
the art of operating systems is avoided. The operating 
system of the present invention operates all of the time and 
is not constantly restarted upon demand. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 depicts a ?oWchart of the prior art of 
inef?cient use of the operating system. 

[0009] FIG. 2 depicts a ?oWchart of the full-time operat 
ing system of the present invention. 

[0010] FIG. 3 depicts a processor unit in accordance With 
the present invention. 

[0011] FIG. 4 depicts a register ?le in accordance With the 
present invention. 

[0012] FIG. 5A depicts a block diagram of the handling of 
a request for data utiliZing the operating system of the 
present invention. 

[0013] FIG. 5B shoWs a sample instruction queue. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] The processor starts at reset, and the operating 
system is enabled. Only the operating system instruction 
register is active and clocked at this point. The ?rst program 
fetches are operating system fetches. The operating system 
con?gures the system and processor. Once the initialiZation 
is complete, the operating system control macro enables the 
?rst task instruction registers and alloWs the ?rst program 
fetch to occur. The operating system marks the program 
active and sets a task timer 1 on. The operating system 
control macro noW starts the next task concurrent to the ?rst 
task if a task is pending. Each operating task has its oWn set 
of instruction control registers and tags to separate the 
resources from each operating task. In this manner, each task 
is kept separate from each other task. In addition to the tags, 
each task requires its oWn program status register (“PSR”) 
for program control. A PSR contains, for example, current 
program executing task control bits, status, over?oWs, and 
exceptions. Each task has its oWn PSR. For every execution 
unit, the tag is maintained and the results tagged. The task 
program status register is updated With the results. The 
operating system has direct access to each task instruction 
register and PSR. This access is a non-blocking access. The 
operating system is able to read the PSR in parallel to the 
operating tasks reading and updating the register. 

[0015] In addition, the operating system control macro has 
access to the program visible general purpose registers. The 
ability of the operating system to have access to these 
registers provides some unique additional capabilities to 
programs currently not available. By providing neW read 
task ID processor resources instructions, operating tasks can 
interact With each other by making operating system calls. 
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Since the operating system is on board and resident in the 
processor, the operating system can service the call imme 
diately and pass the requested contents to the calling task. 
This allows Task A to read in real time the Task B PSR, for 
example, and then perform an operation. 

[0016] Another enhancement is that the operating system 
has the ability to update task registers and PSRs. The 
operating control macro issues a tag ID along With a 
resource ID to the main resource control macro. This is a 

non-transparent operation, since the operating system is 
actually changing the contents of a task’s program model. 
By alloWing this type of operation, one task could trigger 
another task to change program How or start executing a 
segment code dependent upon the ?rst task. The system thus 
has the ability to accommodate real time task interaction 
With direct processor resources communication. 

[0017] The operating system control macro uses onboard 
timers to determine When to sWitch to a neW task. These 
timers exist Within the processor or externally depending 
upon the other implementation requirements. When a task is 
timed out, the processor automatically halts the task and 
saves the program visible resource. Akey advantage of a real 
time operating system is that the operating system macro can 
monitor the real time task timers and start preparing for the 
next task reload before the current executing task times out. 
The processor can have a task pending set of registers that 
includes the instruction control register. The operating con 
trol register starts the loading of the next task into the 
processor. 

[0018] The operating system macro maintains this data by 
one or more of several possible means. One means is a set 

of dedicated registers used in the same manner as the current 
operating task program or PSR. When a task times out, these 
registers are marked as active, and once the timed out task 
has halted, saves its contents. These become the next avail 
able set of task registers. 

[0019] A second means utiliZes a task stack register. The 
stack is not immediately executable. Once the timed out set 
of registers has been stored, then the stack is popped into 
these registers, and the task is started. By preloading the next 
task registers using the real time operating system, the next 
task to be executed can be executed as soon as the previous 
task has ended. Due to the register renaming capability of 
processors, the next executing task Would not even have to 
Wait for the exiting task to fully save its general purpose 
registers before starting. This results in signi?cant increases 
in performance time and processing capability. 

[0020] When a task is Writing to a resource not directly 
available to the program level, the request Will be handled 
real time. No longer Will an exception cause the task to exit, 
the operating system to enter, determine the task request, 
execute the task request, exit, return the program and alloW 
continued execution of the program, as the present state of 
the art requires. Instead, the task requesting the system 
resource triggers the operating system macro to respond to 
the request in real time. If other non-con?icting instructions 
are executing in parallel, then they Will be alloWed to 
execute. This ability is a critical improvement over current 
designs. Today, super scalar engines can require a large 
number of parallel executions for a current task. When one 
of these requests occurs that requires the external operating 
system, a complete ?ush of the pipeline is necessary, losing 
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a very large number of cycles due to the one request. With 
the operating systems of this invention, the real time oper 
ating system services the request in parallel to any other 
non-dependent operations of that task. The instruction caus 
ing the request is locked until the request is satis?ed. Any 
instruction dependent upon the results of that instruction 
also is locked by default. Once the operating system has 
returned the request, the locked instructions are unlocked, 
and the exception Will be complete. An advantage of this 
invention is that the exception is handled entirely internally 
Within the processor. The system data Will be available real 
time to the requesting data, cutting doWn the system 
resource latency to an order of scale not obtainable With 
current implementations. 

[0021] Another advantage to this approach is the reduction 
of external bus traffic. With the previous method, these 
requests Would tie up many bus cycles as the executing task 
halted, saved, etc. NoW the system request is satis?ed by the 
real time operating system. The request is reduced to a 
simple fetch for only the data requested. The program model 
approaches the ideal case of the task having real time virtual 
resources. 

[0022] Interrupts are handled directly by the real time 
operating system. No longer do the interrupts cause all 
program How to stop execution. Instead the real time oper 
ating system stops execution of a single task to free up 
internal resources for the pending interrupt. One possible 
implementation is to keep a dedicated interrupt program 
control set register to alloW the continued execution of the 
ongoing task. Since many interrupts are only to service some 
pending I/O request and Would not even interfere With the 
internal operation of the processor, the ongoing task Would 
continue to operate Without the costly loss of time due to the 
present state of the art. Only if the pending interrupt requires 
internal resources is a task sWapped out. 

[0023] Also, system error interrupts requiring exit of cur 
rent tasks Would cause the running tasks to exit execution 
and an external save. Interrupt latency is improved greatly 
With the full-time operating system of the present invention. 
No longer Will the interrupt have to Wait for the current tasks 
to exit before the interrupt acknoWledge cycle is alloWed. 
The full-time operating system determines the course of 
action and When best to shut doWn tasks depending upon 
interrupt type. With sufficient resources, the operating sys 
tem can even alloW interrupt handling Without the stopping 
of the current tasks. Like tasks, the interrupt can have an ID 
to alloW the operating system and the master program 
control macro to keep the resources independent. Due to the 
nature of interrupts and the real time requirements, the 
master control macro has priority to the instructions asso 
ciated With the interrupt routine. Also the onboard bus 
control moves ahead any executing tasks. The full-time 
operating system ensures that the interrupts execute in a 
similar manner to the current hardWare even though alloW 
ing the running tasks to continue to execute. 

[0024] Similar to the priority of the interrupts, the oper 
ating system monitors the resource requirements of the 
running tasks. The master program macro maintains a queue 
of pending instructions of multiple tasks. The operating 
system monitors the resource balancing to ensure that each 
task gets access to needed resources. If a task is locking out 
a critical junction in Which another task requires use, the 
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operating system passes the alternative task access com 
mand to the master program macro. In this case, the master 
control unit gives equal Weighting to the pending task’s 
instructions and alternates the granting of resources to each 
pending task instruction. 

[0025] In addition, the operating system has the ability to 
grant non-symmetrical access to critical junction points. In 
this case, the operating system may have programmed a 
Weighting factor for each executing task. In this case, the 
full-time operating system noti?es the master program con 
trol macro to Weight the granting of resources in favor of one 
task over another. The operating system Will then determine 
When to grant the stalled task access to the blocked resource. 
In this manner, the operating system can grant the blocked 
task instruction any desired ratio of access. Once the 
resource is fully unblocked, the master control register 
grants the next request access to the resource. With this 
mechanism, the operating system gains the ability to balance 
the resource needs of the processor. 

[0026] In a similar manner, the internal cache macros and 
external bus control unit send back to the full-time operating 
system the request queue information. The information 
includes the number and order of pending requests along 
With the task IDs. The operating system alloWs the default 
condition of equal access or can choose to override the 
default to alloW one task a higher access value than another. 

[0027] A critical need for this function occurs When a task 
performing extensive arithmetic function requests limited 
data access While, at the same time, some other task has a 
large number of back-to-back memory operations. If no 
Weighting factor occurs, the single request could be delayed 
signi?cantly by the other task. The real time operating 
system noti?es the memory control unit to insert the arith 
metic extensive task over the pending requests. One means 
of achieving this override is to utiliZe a priority tag, perhaps 
added on to the task ID by the full-time operating system. 
With this means, the critical performance of the arithmetic 
task can be maintained, While the overall performance of the 
memory transfer task is not signi?cantly altered. The ability 
of the real time operating system to monitor internal 
resources and balance the execution by real time is a 
function available only to the real time operating system 
described in this invention. 

[0028] Having generally described the full-time operating 
system of the present invention, reference is made to the 
draWings, each described beloW, for more speci?c examples 
of the operation of the full-time operating system of the 
present invention. 

[0029] FIG. 2 depicts a ?oWchart of the present invention 
of a full-time operating system. As shoWn in FIG. 2, the 
full-time operating system 30 initially monitors Program or 
TaskA32 and Program or Task B 34. The operating system 
then exits Program or Task A in step 36 and starts Program 
or Task C 38 and continues in step 40 to run Program or Task 
B 34 While exiting Program or Task A. An exception, such 
as a higher priority task, becomes necessary. In step 42, 
Program or Task C is interrupted and then exited in step 44. 
Note that the interrupt exception does not have to Wait for 
Program or Task C to exit before the interrupt exception is 
acknoWledged. The exception is handled in step 46, at Which 
point Program or Task C 38 continues in step 48. Mean 
While, Program or Task A 34 is restarted in step 50. The 
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operating system 30 of the present invention runs continu 
ously throughout the sequence of events. There is no need to 
start and stop the operating system as in the prior art shoWn 
in FIG. 1. 

[0030] FIG. 3 shoWs a processor unit 50 in accordance 
With the present invention. The processor unit has a dis 
patch/decode unit 52 that is under the control of an operating 
system (not shoWn). The dispatch/decode unit 52 dispatches 
and decodes instructions of multiple programs that are 
executed by the processor unit 50. Each of the instructions 
has a program ID or data ID, such as, for example, 54, 56, 
and 58. The processor unit 50 also contains multiple execu 
tion units such as 60, 62, and 64, that are separately 
selectable by the operating system for receiving and execut 
ing instructions. One of the execution units 60, 62, or 64 can 
be executing an instruction from one program While another 
of the execution units is executing an instruction from 
another program. In the example of FIG. 3, execution unit 
60 is operating on the instruction labeled as data ID 54 While 
execution unit 62 operates on the instruction labeled as data 
ID 56 and While execution unit 64 operates on the instruction 
labeled as data ID 58. Retirement unit 66 stores the output 
68, 70, and 72, respectively, of each execution unit 60, 62, 
and 64, respectively. 

[0031] FIG. 4 depicts a register ?le 80 in accordance With 
the present invention. The register ?le typically is housed 
Within the retirement unit 66, shoWn in FIG. 3. The register 
?le 80 tracks data IDs such as those labeled 82 and 84 and 
on What execution units (such as 86 or 88) those programs 
are running. The register ?le 80 thus typically tracks all of 
the program or task visible registers and the data IDs (also 
called program IDs or task IDs). In FIG. 4, IDC, for 
example, refers to a data ID C. Note that data ID C is shoWn 
tWice, in tWo different versions labeled A1.0 and A11 As is 
clear from FIG. 4, the present invention architecture sup 
ports super scalar operations and adds data ID references. 

[0032] FIG. 5A shoWs the handling of a request for data 
by the operating system of the present invention. Required 
data and address information 92 enters the processing unit 
90 and is acknoWledged by memory management unit 
(MMU) 100 and continues on to a pre-fetch queue 96 and 
then, together With a task ID, to requestor units 94. From the 
requestor unit 94, the data 92 may go together With a task ID 
and address 98 to the memory management unit (MMU) 
100. The data 92 plus task ID 98 then go from the MMU unit 
100 to the pre-fetch queue 96 Where it Waits until actually 
needed, at Which point it moves to the requestor unit 94. The 
data 92 ultimately goes from the requestor unit 94 out of the 
processing unit 90 to an address 102. 

[0033] FIG. 5B shoWs a sample instruction queue 110. 
The instruction queue 110 is composed of multiple indi 
vidual instructions 112, each instruction having a separate 
ID 114. 

[0034] The full-time operating system of the present 
invention alloWs the operating system to manage the 
resources of the processor to its optimum ef?ciency. No 
longer does the processor Waste countless cycles sWitching 
from the current task back to the operating system. In 
addition, the operating system has full control of Which tasks 
are running, ending, restarting, or causing an exception. Not 
only can the operating system detect an exception real time, 
but the exception can be handled Without the saving and 
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restoring of the task, saving hundreds of clock cycles and 
improving the real time execution of time critical code. In 
addition, load balancing is real time, since the operating 
system is alWays available to sWitch at a timed out task. In 
addition, information of the task can be transmitted to the 
end user, and the user has the option of load leveling as the 
tasks are executing. 

[0035] The foregoing description of a preferred embodi 
ment of the invention is not intended to limit the scope of the 
invention. The invention is limited only by the scope of the 
folloWing claims and other equivalents. 

What is claimed is: 
1. Aprocessing system executing multiple programs and 

operating under control of an operating system, the proces 
sor system comprising: 

a processor unit including: 

a dispatch/decode unit under control of the operating 
system for dispatching and decoding instructions of 
the multiple programs, the instructions each includ 
ing a data ID; 

a plurality of execution units, each separately selectable 
by the operating system for receiving any of the 
instructions of the multiple programs from the dis 
patch/decode unit, Wherein one of the execution 
units is executing an instruction from one of the 
multiple programs While another of the execution 
units is executing an instruction from another one of 
the multiple programs; and 

a retirement unit storing results of executed ones of the 
instructions uniquely in response to each data ID. 

2. The processing system of claim 1 Wherein the operating 
system is resident in the processor unit. 
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3. The processing system of claim 1 Wherein the processor 
unit further comprises at least one dedicated operating 
system instruction set register. 

4. The processor system of claim 3 Wherein the operating 
system instruction set register uses a tagging means to track 
the status of each instruction. 

5. The processing system of claim 1 Wherein the operating 
system further comprises means for resetting any register 
Within the processor unit. 

6. The processing system of claim 1 Wherein the operating 
system further comprises means for granting non-symmetri 
cal access to the processor unit and other processing system 
resources. 

7. Instruction execution architecture of an information 
handling system comprising: 

an operating system that can run continuously, even 
during execution of multiple tasks; 

at least one program address register; 

at least one memory control register; and 

at least one task ID per task. 
8. The architecture of claim 7 Wherein the operating 

system is resident in a central processing unit. 
9. The architecture of claim 7, further comprising at least 

one dedicated operating system instruction set register. 
10. The architecture of claim 9 Wherein the operating 

system instruction set register uses a tagging means to track 
the status of each task. 

11. The architecture of claim 7 Wherein the operating 
system further comprises means for resetting any register. 

12. The architecture of claim 7 Wherein the operating 
system further comprises means for granting non-symmetri 
cal access to resources of the information handling system. 

* * * * * 


