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(57) ABSTRACT 

The present invention provides a method and apparatus for 
controlling a processing priority assigned alternately to a 
first thread and a Second thread in a multithreaded processor 
to prevent deadlock and livelock problems between the first 
thread and the Second thread. In one embodiment, the 
processing priority is initially assigned to the first thread for 
a first duration. It is then determined whether the first 
duration has expired in a given processing cycle. If the first 
duration has expired, the processing priority is assigned to 
the Second thread for a Second duration. 
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METHOD AND APPARATUS FOR CONTROLLING 
THE PROCESSING PRIORITY BETWEEN 

MULTIPLE THREADS IN A MULTITHREADED 
PROCESSOR 

FIELD OF THE INVENTION 

0001. The present invention relates generally to the field 
of multithreaded processing. More specifically, the present 
invention relates to a method and apparatus for controlling 
the processing priority between multiple threads in a mul 
tithreaded processor. 

BACKGROUND OF THE INVENTION 

0002 Various multithreaded processor designs have been 
considered in recent times to further improve the perfor 
mance of processors, especially to provide for a more 
effective utilization of various processor resources. By 
executing multiple threads in parallel, the various processor 
resources are more fully utilized which in turn enhance the 
overall performance of the processor. For example, if Some 
of the processor resources are being idle due to a Stall 
condition or other delay associated with the execution of a 
particular thread, these resources can be utilized to proceSS 
another thread. A Stall condition or other delay in the 
processing of a particular thread may happen due to a 
number of events that can occur in the processor pipeline. 
For instance, a cache miss or a branch misprediction may 
occur in the execution of an instruction included within a 
thread that can cause a stall condition or other delay with 
respect to the execution of that particular thread. Conse 
quently, without multithreading capabilities, various avail 
able resources within the processor would have been idle 
due to a long-latency operation, for example, a memory 
access operation to retrieve the necessary data from main 
memory, that is needed to resolve the cache miss condition. 
0003. Furthermore, multithreaded programs and applica 
tions have become more common due to the Support pro 
Vided for multithreading programming by a number of 
popular operating systems such as the Windows NTOR and 
UNIX operating systems. Multithreaded applications are 
particularly attractive in the area of multimedia processing. 
0004 Multithreaded processors may generally be classi 
fied into two broad categories, fine or coarse designs, based 
upon the particular thread interleaving or Switching Scheme 
employed within the respective processor. In general, fine 
multithreaded designs Support multiple active threads within 
a processor and typically interleave two different threads on 
a cycle-by-cycle basis. Coarse multithreaded designs, on the 
other hand, typically interleave the instructions of different 
threads on the occurrence of Some long-latency event, Such 
as a cache miss. A coarse multithreaded design is discussed 
in Eickmayer, R., Johnson, R. et al. “Evaluation of Multi 
threaded Uniprocessors for Commercial Application Envi 
ronments”, The 23" Annual International Symposium on 
Computer Architecture, pp. 203-212, May 1996. The dis 
tinctions between fine and coarse designs are further dis 
cussed in Laudon, J., Gupta, A. “Architectural and Imple 
mentation Tradeoffs in the Design of Multiple-Context 
Processors”, Multithreaded Computer Architectures: A Sum 
mary of the State of the Art, edited by R. A. Iannuci et al., 
pp. 167-200, Kluwer Academic Publishers, Norwell, Mass., 
1994. 
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0005 There are some particular issues that arise with 
respect to the concept of multithreading and multithreaded 
processor design, especially with respect to the parallel or 
concurrent execution of instructions. The first issue is gen 
erally referred to as a deadlock condition. This condition can 
occur when each thread needs a resource that is held by 
another thread in order to proceed and neither thread will 
release the resource that it has. For example, Suppose that 
thread 1 and thread 2 both need two resources A and B in 
order to complete their respective eXecution and make 
progreSS. However, Suppose that thread 1 has control of 
resource A and thread 2 has control of resource B and neither 
thread will release the resource that it has until it gets the 
other resource to complete its respective eXecution. In this 
instance, both threads 1 and 2 will come to a halt because 
they will not get the resource they need unless there are 
Some interventions to break the deadlock condition. Gener 
ally, there are four conditions that co-exist to cause a 
deadlock Situation as described above. These four conditions 
are mutual eXclusion, resource holding, no preemption, and 
circular wait. In the above example, each of the two threads 
1 and 2 mutually excludes the other thread from gaining 
access to the resource that it is holding. In addition, there is 
no preemption rule to direct either one of the two threads to 
give up the resource that it is holding to the other thread. In 
other words, both of the threads 1 and 2 have equal rights to 
keep the resource allocated to it. Lastly, both threads 1 and 
2 wait for the other resource to be released in a circular 

C. 

0006 Another similar problem to the deadlock problem 
is the livelock problem. In general, this problem can arise 
when two or more threads continuously change their State in 
response to the changes in the other threads without doing 
any useful work. This problem generally involves the inter 
leaving of threads in which the threads are not deadlocked 
but cannot proceed toward completion. This situation can 
arise when, in the above example, both threads 1 and 2 
attempt to release the resource that they are holding but the 
timing is Such that neither of them can gain access to both 
the resources A and B. This situation is similar to the 
deadlock Situation in that no progreSS is made by thread 1 or 
2 but is different in that neither thread is being blocked by 
the other thread. Referring to the above example, Suppose 
that both threads 1 and 2, after Some interval of time, release 
the resource that they are holding and are able to gain access 
to the other resource that they need. In the above example, 
Suppose that thread 1 has released the resource A and now 
has access to resource B and that thread 2 has released the 
resource B and now has access to resource A. Unfortunately, 
both threads 1 and 2 are back to the same problem that they 
faced earlier because neither thread has access to both 
resources A and B. Despite the fact that both threads have 
done Something, i.e., releasing the resource that they held 
earlier and gaining control to the resource that the other 
thread was holding, both threads 1 and 2 still cannot make 
any progreSS because they still need both resources A and B 
to proceed any further. 

0007 As a result, there exists a need to address the 
problems of deadlock and livelock in multithreaded proces 
Sors that are designed to execute multiple threads concur 
rently. 
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SUMMARY OF THE INVENTION 

0008. The present invention provides a method and appa 
ratus for controlling a processing priority assigned alter 
nately to a first thread and a Second thread in a multithreaded 
processor to prevent deadlock and livelock problems 
between the first thread and the second thread. In one 
embodiment, the processing priority is initially assigned to 
the first thread for a first duration. It is then determined 
whether the first duration has expired in a given processing 
cycle. If the first duration has expired, the processing 
priority is assigned to the Second thread for a Second 
duration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The features and advantages of the present inven 
tion will be more fully understood by reference to the 
accompanying drawings, in which: 
0.010 FIG. 1 is a block diagram of one embodiment of a 
processor pipeline; 

0.011 FIG. 2 shows a block diagram of one embodiment 
of a processor architecture in which the teachings of present 
invention are implemented; 
0012 FIG. 3 shows an example of a deadlock problem; 
0013) 
problem; 
0.014 FIG. 6 illustrates an example of a livelock problem 
in a multithreading environment; 
0015 FIGS. 7 and 8 illustrate the concept of processing 
priority controlling between multiple threads, 
0016 FIG. 9 shows a high-level flow diagram of one 
embodiment of a method for controlling the processing 
priority between threads, 
0017 FIG. 10 illustrates a detailed flow diagram of one 
embodiment of a method for controlling the processing 
priority between threads, 
0018 FIG. 11 is a flow diagram of one embodiment of a 
method for determining a priority duration for one thread; 
0019 FIG. 12 is a flow diagram of one embodiment of a 
method for determining a priority duration for another 
thread; 
0020 FIG. 13 is a high level block diagram of one 
embodiment of an apparatus for controlling the processing 
priority between multiple threads, and 
0021 FIG. 14 is a detailed block diagram of one embodi 
ment of an apparatus for controlling the processing priority 
between multiple threads. 

FIGS. 4 and 5 show an example of a livelock 

DETAILED DESCRIPTION 

0022. In the following detailed description numerous 
Specific details are Set forth in order to provide a thorough 
understanding of the present invention. However, it will be 
obvious to one skilled in the art that the present invention 
may be practiced without these specific details. 
0023. In the discussion below, the teachings of the 
present invention are utilized to implement a method and an 
apparatus for controlling the processing priority between 
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threads in a multithreaded processor in order to prevent 
deadlock and livelock problems. Each of the threads is 
alternately assigned the processing priority for a Sufficient 
period of time for it to make progreSS. If a particular thread 
did not make any progreSS despite having the processing 
priority during a previous processing period, it will be given 
the processing priority for a longer period the next time. The 
period of time during which each thread is given the 
processing priority will continue to increase until Some 
progreSS is made. The teachings of the present invention are 
applicable to any multithreaded processor that is designed to 
process multiple threads concurrently. However, the present 
invention is not limited to multithreaded processors and can 
be applied to any processor and machine in which resources 
are shared between tasks or processes. 
0024 FIG. 1 is a block diagram of one embodiment of a 
processor pipeline within which the present invention may 
be implemented. For the purposes of the present specifica 
tion, the term “processor refers to any machine that is 
capable of executing a Sequence of instructions and shall be 
taken to include, but not be limited to, general purpose 
microprocessors, Special purpose microprocessors, graphics 
controller, audio processors, Video processors, multimedia 
controllers and microcontrollers. The processor pipeline 100 
includes various processing Stages beginning with a fetch 
Stage 110. At this stage, instructions are retrieved and fed 
into the pipeline 100. For example, a macroinstruction may 
be retrieved from a cache memory that is integral within the 
processor or closely associated therewith, or may be 
retrieved from an external memory unit via a system bus. 
The instructions retrieved at the fetch stage 110 are then 
inputted into a decode Stage 120 where the instructions or 
macroinstructions are decoded into microinstructions or 
micro-operations for execution by the processor. At an 
allocate Stage 130, processor resources necessary for the 
execution of the microinstructions are allocated. The next 
Stage in the pipeline is a rename Stage 140 where references 
to external registers are converted into internal register 
references to eliminate dependencies caused by register 
reuse. At a Schedule/dispatch Stage 150, each microinstruc 
tion is Scheduled and dispatched to an execution unit. The 
microinstructions are then executed at an execute Stage 160. 
After execution, the microinstructions are then retired at a 
retire stage 170. 
0025. In one embodiment, the various stages described 
above can be organized into three phases. The first phase can 
be referred to as an in-order front end including the fetch 
Stage 110, decode Stage 120, rename Stage 130, and allocate 
Stage 140. During the in-order front end phase, the instruc 
tions proceed through the pipeline 100 in their original 
program order. The Second phase can be referred to as the 
out-of-order execution phase including the Schedule/dis 
patch stage 150 and the execute stage 160. During this 
phase, each instruction may be Scheduled, dispatched and 
executed as Soon as its data dependencies are resolved and 
the necessary execution unit is available, regardless of its 
Sequential position in the original program. The third phase, 
referred to as the in-order retirement phase which includes 
the retire stage 170 in which instructions are retired in their 
original, Sequential program order to preserve the integrity 
and Semantics of the program. 
0026 FIG. 2 is a block diagram of one embodiment of a 
processor, in the form of a general-purpose microprocessor 
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200, in which the present invention may be implemented. 
The microprocessor 200 described below is a multithreaded 
(MT) processor and capable of processing multiple instruc 
tion threads simultaneously. However, the teachings of the 
present invention described below are fully applicable to 
other processors that process multiple instruction threads in 
an interleaved manner and also to Single thread processors 
which have the capabilities to proceSS multiple instructions 
either in parallel or in an interleaved manner. In one embodi 
ment, the microprocessor 200 may be an Intel Architecture 
(IA) microprocessor that is capable of executing an Intel 
Architecture instruction Set. 

0027. The microprocessor 200 comprises an in-order 
front end, an out-of-order execution core and an in-order 
retirement back end. The in-order front end includes a bus 
interface unit 202 which functions as an interface between 
the microprocessor 200 and other components (e.g., main 
memory unit) of a computer System within which the 
microprocessor 200 may be implemented. The bus interface 
unit 202 couples the microprocessor 200 to a processor bus 
(not shown) via which data and control information are 
transferred between the microprocessor 200 and other sys 
tem components (not shown). The bus interface unit 200 
includes a Front Side Bus (FSB) 204 that controls and 
facilitates communications over the processor bus. The bus 
interface unit 202 also includes a bus queue 206 that is used 
to provide a buffering function with respect to the commu 
nications over the processor bus. The bus interface unit 202 
receives bus requests 208 from a memory execution unit 
212. The bus interface unit 202 also sends Snoops or bus 
returns to the memory execution unit 212. 
0028. The memory execution unit 212 is structured and 
configured to function as a local memory within the micro 
processor 200. The memory execution unit 212 includes a 
unified data and instruction cache 214, a data Translation 
Lookaside Buffer (TLB) 216, and a memory ordering logic 
218. The memory execution unit 212 receives instruction 
fetch requests 220 from a microinstruction translation 
engine (MITE) 224 and provides raw instructions 225 to the 
MITE 224. The MITE 224 decodes the raw instructions 225 
received from the memory execution unit 212 into a corre 
sponding Set of microinstructions, also referred to as micro 
operations. Decoded microinstructions 226 are Sent by the 
MITE 224 to a trace delivery engine (TDE) 230. 
0029. The trace delivery engine 230 functions as a micro 
instruction cache and is the primary Source of microinstruc 
tions for a downstream execution unit 270. The trace deliv 
ery engine 230 includes a trace cache 232, a trace branch 
predictor (BTB) 234, a micro-code sequencer 236, and a 
micro-op (uop) queue 238. By having a microinstruction 
caching function within the processor pipeline, the trace 
delivery engine 230 and specifically the trace cache 232 can 
leverage the work done by the MITE 224 to provide a 
relatively high microinstruction bandwidth. In one embodi 
ment, the trace cache 232 may comprise a 256 entry, 8 way 
Set associate memory. The term “trace', in one embodiment, 
refers to a Sequence of microinstructions Stored within the 
entries of the trace cache 232 with each entry having 
pointers to preceding and proceeding microinstructions in 
the trace. Therefore, the trace cache 232 can facilitate 
high-performance Sequencing in that the address of the next 
entry to be accessed to obtain a Subsequent microinstruction 
is known before a current access is completed. The trace 
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cache branch predictor 234 provides local branch predic 
tions with respect to traces within the trace cache 232. The 
trace cache 232 and the microcode Sequencer 236 provide 
microinstructions to the micro-op queue 238. 

0030 The microinstructions are then fed from the micro 
op queue 238 to a cluster that includes a Scheduler 242, a 
register renamer 244, an allocator 246, a reorder buffer 248 
and a replay queue 250. The scheduler 242 includes a set of 
reservation Stations and operates to Schedule and dispatch 
microinstructions for execution to the execution unit 270. 
The register renamer 244 converts references to external 
registers into internal register references to remove depen 
dencies caused by register reuse. The allocator 246 operates 
to allocate resources that are required for the execution of 
the microinstructions. In the event that the required 
resources are insufficient or unavailable to process a micro 
instruction or a Set of microinstructions, the allocator 246 
will assert a Stall signal 282 that is propagated to the trace 
delivery engine 230 and the microinstruction translation 
engine 224. The replay queue 250 is used to store and 
provide those microinstructions that need to be re-executed 
to the execution unit 270. The reorder buffer 248 is used to 
Store the microinstructions in their original, Sequential pro 
gram order. When the microinstructions stored in the reorder 
buffer 248 have completed execution and are ready for 
retirement, they are removed from the reorder buffer in their 
original, Sequential program order. 

0031. The execution unit 270 includes a floating point 
execution engine 274, an integer execution engine 276, and 
a level 0 data cache 278. In one embodiment in which the 
microprocessor 200 executes the IA instruction set, the 
floating point execution engine 274 may also execute 
MMXCE) instructions. 

0032 FIG. 3 shows an example of a deadlock situation 
that can occur in a multithreaded processor. In this example, 
it is assumed that there are two threads, thread 0 and thread 
1, that are being executed concurrently by the multithreaded 
processor. It is further assumed that two resources A311 and 
B 315 are required to execute one instruction, INT1301, in 
thread 0 and another instruction, INT2305, in thread 1. Since 
the two threads 0 and 1 are being executed concurrently, it 
is possible that INT1301 and INT2305 are to be executed at 
the same time. Suppose that resource A311 is allocated to 
thread 0 and resource B 315 is allocated to thread 1. 
Consequently, the execution of instruction INT1301 in 
thread 0 cannot be completed because the other resource, 
i.e., resource B315, which is required for the execution of 
instruction INT1301 is already being allocated for the 
execution of instruction INT2305 in thread 1. Similarly, the 
execution of instruction INT2305 in thread 1 cannot be 
completed either because the other resource, i.e., resource A 
311, which is required for the execution of instruction 
INT2305 is already allocated to thread 0. As a result, neither 
thread 0 nor thread 1 can proceed any further. This is one of 
the classic deadlock situations that can arise in a multi 
threading environment. The deadlock situation described 
above can also occur in a Single thread environment where 
multiple instructions within a single thread are executed 
concurrently. 

0033 FIGS. 4 and 5 show an example of a livelock 
Situation that can occur in either a multithreading environ 
ment or in a Single threading environment where instructions 
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in a given thread are executed out of order, i.e., in an order 
that is different than their original program order. In this 
example, it is assumed that one thread, for example, thread 
1 contains multiple instructions, INT1-INT5 and that the 
execution of these instructions can be out-of-order. It is 
further assumed that instruction INT4 depends on instruc 
tion INT2. It logically follows that the execution of instruc 
tion INT4 cannot be completed unless and until the execu 
tion of instruction INT2 has been completed. Because of the 
out-of-order instruction execution Scheme, it is possible that 
instruction INT4 may be executed first or at the same time 
as instruction INT2. 

0034. As stated earlier, since instruction INT4 logically 
depends on instruction INT2, it is likely that instruction 
INT4 gets executed again or replayed because the execution 
of instruction INT2 has not yet been completed at the time 
instruction INT4 first gets executed. However, assuming in 
this example that the first execution of instruction INT4 
results in a level 0 cache miss causing a level 1 cache 
look-up operation to be performed which makes the level 1 
cache busy. It is Supposed also that the first execution of 
instruction INT2 also results in a level 0 cache miss causing 
another level 1 cache look-up operation to be performed. 
Unfortunately, in this example, the timing of the level 1 
cache look-up operation is Such that the level 1 cache is still 
busy serving the request for instruction INT4 at the time the 
look-up request for instruction INT2 is initiated. As a result, 
the level 1 cache look-up request for instruction INT2 gets 
ignored. Because the execution of instruction INT2 on 
which instruction INT4 depends cannot be completed until 
instruction INT2 obtains the data it needs from the level 1 
cache, instruction INT4 cannot be retired and has to be 
re-executed. ASSuming further that the timing of the Second 
execution of instruction INT4 is such that it will again makes 
the level 1 cache busy at the time instruction INT2 needs to 
access the level 1 cache to obtain the data needed. Conse 
quently, both instructions INT2 and INT4 go in a circle of 
re-executions without getting completed. 

0035) In a single thread environment, this livelock situ 
ation can be detected and resolved by monitoring the 
progreSS of the Single thread being executed and taking 
appropriate actions if there is no progreSS made after Some 
predetermined period of time. For example, if there is no 
instruction retired after a predetermined number of proceSS 
ing periods or clock cycles, it is possible that a livelock 
Situation as described above has occurred. In this case, one 
possible Solution to resolve the livelock situation is to 
execute the instructions in-order So that the logical depen 
dencies between the different instructions are satisfied. Thus 
in the present example, instruction INT2 will get executed 
before instruction INT4 which will satisfy the logical depen 
dency between instructions INT4 and INT2. As mentioned 
above, the Sequence number assigned to each instruction 
will be used to perform an in-order instruction execution, if 
necessary. The Sequence number assigned to each instruc 
tion corresponds to the logical Sequence of each instruction 
in its original program order. 

0.036 FIG. 6 illustrates another problem that can arise in 
a multithreading environment. For clarity and Simplicity, the 
discussion that follows will focus on a multithreading envi 
ronment in which two threads, thread 0 and thread 1, are 
being executed concurrently, even though everything dis 
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cussed herein equally applies to another multithreading 
environment where more than two threads are to be executed 
concurrently. 

0037. In this example, it is assumed that both threads 0 
and 1 can contain multiple instructions and that the instruc 
tions within each thread can also be executed out of order, 
i.e., in an order that is different than their original program 
Sequence. Within each thread, the original program order of 
the instructions can be maintained using a sequence number 
that corresponds to the logical Sequence of the instructions 
in the original program order. It is further assumed that there 
can exist Some logical dependency between different 
instructions within each thread and Some logical dependency 
between different instructions across threads. More specifi 
cally, Suppose that instruction INT34 in thread 1 depends on 
instruction INT32 in thread 1. It logically follows that the 
execution of INT34 in thread 1 cannot be completed until the 
execution of INT32 in thread 1 has been completed. Suppose 
also that the instruction INT34 in thread 1 also depends on 
the instruction INT3 in thread 0. Consequently, it follows 
that the execution of INT34 in thread 1 cannot be completed 
until the execution of INT 3 in thread 0 is completed. 
Assuming further that instruction INT3 in thread 0 depends 
on instruction INT32 in thread 1. It then follows that the 
execution of instruction INT34 in thread 1 cannot be com 
pleted until the execution of both instruction INT3 in thread 
0 and instruction INT32 has been completed. In addition, the 
execution of instruction INT3 in thread 0 cannot be com 
pleted until instruction INT32 in thread 1 has been com 
pleted. 
0038 Logically, in order to ensure successful completion 
of these instructions, INT32 in thread 1 should be executed 
before INT3 in thread 0 and INT3 in thread 0 should be 
executed before INT34 in thread 1. However, as mentioned 
above, both threads 0 and 1 are to be executed concurrently 
and the instructions within each thread can be executed 
out-of-order. Because of the concurrent execution between 
threads and out-of-order execution within each thread, it is 
possible that either a deadlock or a livelock Situation as 
described above can occur. In this case, the Sequence num 
ber assigned to each instruction within each thread is insuf 
ficient to resolve the deadlock or livelock situation that can 
arise from the dependency acroSS threads because the 
sequence number alone cannot be used to tell whether INT3 
should be executed before or after INT32. Likewise, the 
Sequence number alone cannot be used to tell whether 
INT34 should be executed before or after INT3. In order to 
resolve the deadlock or livelock situation between different 
threads in a multithreaded processor, one of the aspects of 
the present invention is to introduce a concept of logical 
ordering or processing priority controlling between multiple 
threads. This concept is described in greater detail below in 
conjunction with FIGS. 7 and 8. 
0039 FIGS. 7 and 8 illustrate the concept of logical 
ordering, also referred to as processing priority controlling 
hereinafter, between multiple threads in a multithreaded 
processor. Again, for Simplicity and clarity, this concept is 
described with respect to a multithreading environment in 
which two threads are executed concurrently. However, this 
concept is not limited to two-thread concurrent execution 
and should be equally applicable to any multithreading 
environment where more than two threads are executed 
concurrently. 
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0040 AS described above, the sequence number assigned 
to each instruction within each thread is insufficient to 
resolve a deadlock or livelock situation that can arise due to 
the concurrent execution of multiple threads in a multi 
threaded processor. Therefore it is necessary to have Some 
logical ordering between thread 0 and thread 1 in order to 
resolve a deadlock or livelock Situation acroSS thread 0 and 
thread 1. 

0041 More specifically, if thread 0 and thread 1 happen 
to compete for the same resources at the same time, the 
processor needs to know which of the two threads should be 
given the priority to use the required resources before the 
other thread. Moreover, if one instruction in a particular 
thread happens to depend on another instruction in another 
thread, the processor also needs to know which of these two 
instructions should be logically executed first in order for 
these two instructions to be Successfully completed. How 
ever, Since thread 0 and thread 1 are to be executed con 
currently, there is no way to tell in advance the logical 
dependency between thread 0 and thread 1. This is because 
the original program order of the instructions within one 
particular thread can only apply to that particular thread and 
not the other thread. In other words, the logical ordering 
between thread 0 and thread 1 can only be determined 
dynamically or on-the-fly based upon the progreSS being 
made within each thread. Consequently, any fixed logical 
ordering Scheme in which one thread is always given the 
priority over the other thread will not work. This is because 
one thread, for example thread 0, may be Stuck because one 
of its instructions depends on another instruction within the 
other thread, for example thread 1. In this example, if the 
logical ordering between threads is fixed, e.g., if the priority 
is always given to thread 0, then thread 0 will continue to get 
Stuck because thread 1 will never get the priority to perform 
its work which in turn will get thread 0 unstuck. 
0042. In addition, an alternating logical ordering Scheme 
in which each thread is alternately given the priority for 
Some fixed period of time regardless of whether that period 
of time is Sufficient for each thread to make progreSS will not 
work either. For example, assuming that thread 0 is always 
given the priority for N clock cycles and thread 1 is always 
given the priority for M clock cycles, this fixed alternating 
Scheme will not work even though the priority is alternated 
between thread 0 and thread 1. This is because it is possible 
that thread 0 may need more than N clock cycles to get itself 
unstuck and thread 1 may need more than M clock cycles to 
get itself unstuck. 
0043. Therefore it is necessary to have a flexible and 
dynamic alternating priority Scheme in which each thread is 
alternately given the priority for Some Sufficient period of 
time in order for it to make progreSS which in turn can help 
the other thread make progreSS. More specifically, each 
thread is to be alternately given the priority for Some period 
of time initially. The initial period of time during which each 
thread has priority can be set according to various factors 
including the processing clock frequency, the average 
execution time of a typical instruction, the average memory 
latency time, the time it takes to re-execute an instruction, 
etc. AS each thread is being executed, its progreSS is moni 
tored to determine whether it is being Stuck. If a particular 
thread, for example thread 0, has not made any progreSS in 
the period of time during which it has priority then it will be 
given priority for a longer duration of time the next time it 
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has priority. This duration of time during which thread 0 is 
given priority will continue to increase until thread 0 makes 
progreSS. Once it is determined that thread 0 has made 
progreSS, its priority duration can be reset to Some shorter 
period, for example the initial duration. Likewise, the dura 
tion of time during which thread 1 is given priority will 
continue to increase until thread 1 makes Some progreSS at 
which time its priority duration can be reset to Some shorter 
period, for example the initial duration. In short, the length 
of time during which each thread has priority will continue 
to increase until that particular thread makes Some progreSS. 
0044 According to this dynamic and flexible alternating 
priority Scheme, each thread is alternately given the priority 
for Some Sufficient finite time to make progreSS. However, 
one thread cannot be given priority indefinitely even if that 
thread is Stuck. AS explained above, thread 0 may be Stuck 
because thread 1 must get Something done before thread 0 
can make progreSS. However, thread 1 may not be able to 
make progreSS unless it gets priority for Some Sufficient 
period of time. It is possible that both threads can get Stuck. 
In this case, the time during which each thread has priority 
will continue to increase until Some progreSS is made. 

0045 Referring now to FIG. 7, an indicator called thread 
precedence bit (TPB) is used to indicate which of the two 
threads 0 and 1 has priority at any given moment. A detailed 
description of the generation and modification of the TPB 
will be given below. In one embodiment, the TPB is set to 
one value, for example 0, to indicate that thread 0 has 
priority and is set to another value, for example 1, to indicate 
that thread 1 has priority. The TPB and the sequence number 
assigned to each instruction within each thread are used to 
indicate the logical execution order of the instructions in 
threads 0 and 1 if a deadlock or livelock situation occurs. 

0046. In one embodiment, each thread is considered 
making progreSS in a current processing period if it has no 
instructions to retire or if it has retired at least one instruction 
in the current processing period. If each thread is making 
progress, the value of the TPB is alternated between 0 and 
1 every predetermined period corresponding to a duration of 
time during which each thread has priority. In one embodi 
ment, the predetermined period can be set to be equal to a 
predetermined number of clock cycles, for example 16 clock 
cycles. In this example, if both threads are making progress, 
then the value of the TPB is alternated between 0 and 1 every 
16 clock cycles. If one of the threads, for example thread 0, 
did not make progreSS that last time it had priority and also 
during the time after that when the other thread had priority, 
then the next period during which it will have priority is 
increased by Some predetermined additional time. In one 
embodiment, the increment can be set to be equal to 16 clock 
cycles. Accordingly, thread 0 will have priority for a priority 
period of 32 clock cycles the next time priority is given back 
to it. This priority period for thread 0 will continue to 
increase by Some predetermined additional time, for 
example 16 clock cycles, until thread 0 makes progreSS. 
Once thread 0 makes progress, its priority period can be 
reset to Some predetermined number, for example, 16 clock 
cycles. 

0047. In the example shown in FIG. 7, the TPB is set to 
0 initially at time P0 to indicate that thread 0 is to have 
priority for 16 clock cycles. At time P1, the TPB is set to 1 
to indicate that thread 1 is to have priority for 16 clock 



US 2003/O154235 A1 

cycles. At time P2, the TPB is Switched back to 0 for another 
16 clock cycles. At time P3, the TPB is alternated to 1 for 
16 clock cycles. At time P4, the TPB is changed back to 0. 
However, this time thread 0 is to have priority for some 
additional time because it did not make any progreSS during 
the previous two periods between P2 and P4. Therefore, 
starting at P4, thread 0 is to have priority for 32 clock cycles 
instead of 16 clock cycles. At time P6, the TPB is then 
changed to 1 for 16 clock cycles. At time P7, the TPB is set 
to 0. This time the period for thread 0 starting at P7 is back 
to 16 clock cycles Since thread 0 made Some progreSS in the 
previous period between P6 and P7. At time P8, the TPB is 
changed again to 1. 

0048 FIG. 9 shows a high level flow diagram of one 
embodiment of a method 900 for controlling the processing 
priority between threads within a multithreaded processor. 
For clarity and simplicity, the method 900 is described with 
respect to two threads, thread 0 and thread 1, that are to be 
executed concurrently by the multithreaded processor, even 
though everything discussed herein is equally applicable to 
a multithreading environment having more than two threads. 
Similarly, the discussion and description of the method 900 
also applies to a single thread environment where multiple 
instructions are to be executed in parallel, for example, as in 
a processor that implements a Super-Scalar architecture. 

0049. As described above, in one embodiment, the pro 
cessing priority between threads is used to indicate which 
one of the two threads is to have priority if both threads 
compete for a particular resource in order to make progreSS. 
For example, if a resource A is required to execute an 
instruction in thread 0 and another instruction in thread 1 at 
the same time, then the processing priority is used as a tie 
breaker in this situation in order to prevent a deadlock 
Situation. In one embodiment, the processing priority is also 
used to indicate the logical respective ordering of the two 
threads 0 and 1. AS mentioned above, in a Single thread 
environment, a Sequence number is used to keep track of the 
logical Sequence of the input instructions. This sequence 
number corresponds to the original Sequential program order 
and is necessary, for example, in the situation where an 
in-order instruction execution is required as explained above 
with respect to the livelock problem. In a multithreading 
environment, there can be dependency acroSS threads, as 
explained above, and the Sequence number alone is insuf 
ficient for the processor to tell the logical Sequence or order 
of instructions between the two threads. The processing 
priority is used in this case to tell the processor which thread 
is to have a precedent logical order with respect to the other 
thread. 

0050. In one embodiment, the processing priority is rep 
resented by a Signal referred to as a thread precedence 
Signal. In one embodiment, the thread precedence Signal is 
represented by a bit called thread precedence bit. In one 
embodiment, the thread precedence bit is set to 0 to indicate 
that thread 0 is to have the processing priority and Set to 1 
to indicate that thread 1 is to have the processing priority, 
with respect to both resource usage policy and logical 
ordering of instruction execution. 
0051 Continuing with the present example, the method 
900 starts at block 901. At block 905, the priority duration 
or priority period for each thread is initialized to Some 
predetermined period. The priority duration is defined as a 
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duration or interval of time during which a particular thread 
is given the processing priority. In one embodiment, the 
priority duration is measured in terms of processing periods 
where each processing period corresponds to a predeter 
mined number of processing cycles and each processing 
cycle corresponds to a predetermined number of processor 
clock periods. In one embodiment, an initial priority dura 
tion for each thread is Set to be equal to a predetermined 
number of clock periods, for example 16 medium clock 
periods. At block 909, the processing priority is given to one 
of the two threads for a time period corresponding to its 
priority duration. In one embodiment, the thread precedence 
bit is Set to a first value, for example 0, to indicate that the 
processing priority is given to thread 0 and Set to a Second 
value, for example 1, to indicate that the processing priority 
is given to thread 1. In one embodiment, the priority duration 
for a particular thread Starts running as Soon as the proceSS 
ing priority is assigned to that particular thread. At decision 
loop 913, the method 900 proceeds to block 917 if the 
current priority duration has expired. At block 917, the 
processing priority is alternated, i.e., assigned to the other 
thread. 

0.052 The method 900 then proceeds from either block 
913 or 917 to block 921 to determine the next priority 
duration for each thread. The determination of the next 
priority period for each thread will be discussed in detail 
below. However, it should be noted that the next priority 
duration for each thread can depend on a number of factors 
including whether each thread has made progreSS within a 
predetermined time period, whether any specified event or 
interrupt has occurred in the current processing period, 
whether the processing priority has been alternated in the 
current processing period, etc. The method 900 then loops 
back from block 921 to decision block 913. 

0053 FIG. 10 shows a detailed flow diagram of one 
embodiment of the method 900 described in FIG. 9. Again, 
the method 900 will be described with respect to two threads 
0 and 1 even though everything described herein equally 
applies to a multithreading environment of more than two 
threads and also a single threading environment where 
multiple instructions are executed concurrently. 

0054) The method 900 starts at block 1001. At decision 
block 1005, the method proceeds to block 1009 if some 
Specified event Such as a nuke or reset has occurred. Oth 
erwise the method proceeds to block 1013. At block 1009, 
the thread precedence bit (TPB) is initialized to some initial 
value to indicate which of the two threads 0 and 1 is to have 
the processing priority initially. AS explained above, the 
TPB in one embodiment is represented by one binary bit 
which is set to 0 to indicate that thread 0 is having the 
processing priority and Set to 1 otherwise. In one embodi 
ment, for simplicity, the TPB is always set to 0 in response 
to a nuke or reset event. In another embodiment, the TPB can 
be initially Set according to Some predetermined Scheme or 
based upon Some predetermined criteria. For example, in 
response to a nuke or reset event, the TPB can be selected 
randomly to be either 0 or 1, or it can be set to be the same 
value as that prior to the nuke or reset event, or it can be 
inverted from the last value prior to the nuke or reset event. 
The two counters T0 and T1 are also initialized at block 
1009 in response to the nuke or reset event. TO counter 
(TCO) is used to hold a value that corresponds to a duration 
for which the thread 0 is given the processing priority. T1 
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counter (TC1) is used to hold a value that corresponds to a 
duration for which thread 1 is given the processing priority. 
Another counter, referred to as the thread precedence 
counter (TPC) is also loaded with an initial value. The initial 
value to be loaded into the TPC counter depends on whether 
thread 0 or thread 1 is to have the processing priority at this 
Stage. If thread 0 is to have processing priority at this stage 
then the TPC counter is loaded with a value corresponding 
to the value contained in the TC0. If thread 1 is to have the 
processing priority then the TPC counter is loaded with a 
value corresponding to the value contained in the TC1. In 
one embodiment, the value contained in either the TC0 or 
TC1 is multiplied by a predetermined number, for example, 
16 before being loaded into the TPC. 
0055. The value contained in the TPC, in one embodi 
ment, corresponds to a number of processing periods during 
which T0 or T1 is given the processing priority and each 
processing period corresponds to a predetermined number of 
clock periods, for example 1 clock period. For example, 
assuming that thread 0 is to have the processing priority 
initially, then the TPB is set to 0 to indicate that thread 0 is 
given the processing priority initially. The content of TC0 is 
initialized to a predetermined number, for example 1. The 
content of TC1 is also initialized to a predetermined number, 
for example 1. In one embodiment, the content of both TC0 
and TC1 are initialized to the same predetermined number, 
for example 1. In another embodiment, TC0 and TC1 can be 
initialized to different values. Continuing with the present 
example, the content of TC0, which is 1 in this example, is 
multiplied by 16 and then loaded into the TPC. In one 
embodiment, the TC0 and TC1 are simple binary counters 
having a size corresponding to a predetermined number of 
bits, for example 10 bits. In one embodiment, the TPC is also 
a simple binary counter having a predetermined size, for 
example, 14 bits. As a result, in one embodiment, the value 
contained in either TC0 or TC1 is left shifted by a prede 
termined number of bits, for example 4 bits, before being 
loaded into the TPC. 

0056 Referring back to decision block 1005, the method 
proceeds to block 1013 if there is no nuke or reset event 
detected. At decision block 1013, it is determined whether 
the content of the TPC has exceeded some predetermined 
threshold value, for example 0, which indicates that the 
priority duration has expired. If the priority duration has 
expired, the method proceeds to block 1021, otherwise it 
proceeds to block 1017. At block 1017, the content of the 
TPC is decremented by a predetermined value, for example 
1. At decision block 1021, the method proceeds to block 
1025 if the TPB is set to 0 for the prior priority duration, 
otherwise the method proceeds to block 1029. At block 
1025, the TPB is set to 1. At block 1029, the TPB is set to 
0. The TPC is then loaded with a number corresponding to 
either the TC1 value or TC0 value at blocks 1033 or 1037, 
respectively. In one embodiment, the content of either the 
TC0 or TC1 is multiplied by a predetermined number, for 
example 16, before being loaded into the TPC. The value 
stored in the TPC represents the number of clock periods 
during which either thread 0 or thread 1 is given the 
processing priority. 

0057 The method then proceeds from blocks 1033,1037, 
or 1017 to block 1041 to update the content of the TC0. The 
content of the TC1 is updated at block 1045. The method 
then loops back to block 1005 to continue the processing of 
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thread 0 and thread 1. In one embodiment, the method 900 
described above is repeated once every predetermined num 
ber of processing periods, for example once every clock 
period. Consequently, the TPC is decremented or counted 
down by a predetermined count, for example 1, every clock 
period until the content of the TPC exceeds a predetermined 
threshold value, for example 0, at which time the TPB is 
inverted and the TPC is loaded with a new starting number 
corresponding to a new priority duration. 
0.058. In another embodiment, the TPC is loaded with a 
value indicating the Start of a priority duration, for example 
0, and is counted up or incremented by a predetermined 
count, for example 1, once every processing period. In this 
case, the TPC is incremented or counted up until it exceeds 
a predetermined threshold value corresponding to the length 
of the priority duration, for example, the number of clock 
periods during which a particular thread is given the pro 
cessing priority, at which time the TPB is inverted and the 
TPC is reset to 0. In either the counting down or counting up 
case, the TPC is used to keep track of the elapsed time since 
the start of a priority duration in order to determine whether 
the priority duration for a particular thread has expired. 
0059 FIG. 11 illustrates a flow diagram of one embodi 
ment of a process for updating the content of the TC0 
counter performed at block 1041 in FIG. 10. The process 
1100 starts at block 1101. At decision block 1105, the 
process proceeds to block 1109 to reset the TC0 to some 
predetermined number, for example 1, if it is determined that 
thread 0 has no instruction to retire in the current processing 
cycle. Otherwise the method proceeds to block 1113. At 
decision block 1113, the process proceeds to block 1109 to 
reset the TC0 if it is determined that thread 0 has retired at 
least one instruction in the current processing period. Oth 
erwise the process proceeds to block 1117. At decision block 
1117, the process proceeds to block 1121 if it is determined 
that the processing priority has been Switched from thread 0 
to thread 1 in the current processing cycle and loops back to 
block 1105 otherwise. In one embodiment, whether the 
processing priority has been Switched back from thread 0 to 
thread 1 in the current processing cycle can be determined 
by detecting a signal indicating that the content of the TPC 
has reached the predetermined threshold value in the current 
processing cycle and that the TPB has been inverted from 0 
to 1 in the current processing cycle. The determination of 
whether the processing priority has been Switched from 
thread 0 to thread 1 in the current processing cycle will be 
described in more detail below. At block 1121, the TC0 
content is incremented by a predetermined number, for 
example 1. The content of the TC0, as explained above, will 
be used to load into the TPC to indicate how long the priority 
duration for thread 0 will be the next time thread 0 is given 
the processing priority. 

0060 FIG. 12 illustrates a flow diagram of one embodi 
ment of a proceSS for updating the content of the TC1 
counter at block 1045 in FIG. 10. The process 1200 starts at 
block 1201. At decision block 1205, the process proceeds to 
block 1209 to reset TC1 to some predetermined number, for 
example 1, if it is determined that T1 has no instruction to 
retire in the current processing cycle. Otherwise the process 
proceeds to block 1213. At decision block 1213, the process 
proceeds to block 1209 to reset TC1 if it is determined that 
T1 has retired at least one instruction in the current proceSS 
ing period. Otherwise the process proceeds to block 1217. At 
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decision block 1217, the process proceeds to block 1221 if 
it is determined that the processing priority has been 
Switched from thread 1 to thread 0 in the current processing 
cycle and loops back to block 1205 otherwise. Whether the 
processing priority has been Switched back from thread 1 to 
thread 0 in the current processing cycle, in one embodiment, 
can be determined by detecting a Signal indicating that the 
content of the TPC has reached the predetermined threshold 
value in the current processing cycle and that the TPB has 
been inverted from 1 to 0 in the current processing cycle. 
The determination of whether the processing priority has 
been Switched from thread 1 to thread 0 in the current 
processing cycle will be described in more detail below. At 
block 1221, the TC1 content is incremented by a predeter 
mined number, for example 1. The content of the TC1, as 
explained above, will be used to load into the TPC to 
indicate how long the priority duration for thread 1 will be 
the next time thread 1 is given the processing priority. 
0061 FIG. 13 shows a high level block diagram of one 
embodiment of an apparatus for controlling the processing 
priority between threads in a multithreaded processor. The 
thread priority control circuit 1301 receives an input signal 
indicating whether an interrupt, for example a nuke or reset 
event, has occurred in the current processing period. The 
thread priority circuit 1301 also receives another input signal 
indicating whether each thread has made progreSS in the 
current processing period. The thread priority control circuit 
1301 generates a thread priority signal indicating which of 
the multiple threads has the processing priority in a given 
processing period. The thread priority signal is input to the 
allocate unit 1311 and the schedule/dispatch unit 1321 for 
these units to perform their corresponding functions. In one 
embodiment, the allocate unit 1311 uses the thread priority 
Signal to determine which one of the multiple threads being 
executed concurrently is to be given the priority to use one 
or more particular processing resources if there is a resource 
contention between the multiple threads. Similarly, in one 
embodiment, the schedule/dispatch unit 1321 uses the thread 
priority Signal to determine a logical order in which instruc 
tions in the different threads are to be executed, if necessary 
to resolve a livelock Situation that can occur due to a 
dependency acroSS threads. 
0.062 FIG. 14 shows a block diagram of one embodi 
ment of an apparatus for controlling the processing priority 
between multiple threads in a multithreaded processor. For 
clarity and Simplicity, the discussion that follows will focus 
on a priority controlling Scheme with respect to two threads 
0 and 1. However, everything discussed herein equally 
applies to a multithreading environment that has more than 
two threads executing concurrently and also to a single 
thread environment where multiple instructions within one 
thread are executed concurrently. 
0.063 AS explained above, the processing priority is to be 
alternated between thread 0 and thread 1 periodically. The 
period of time during which each thread is given the 
processing priority depends on a number of different factors 
including whether Some specified event has occurred, 
whether a particular thread is making progreSS, etc. How 
ever, it is essential that the processing priority is not given 
to one thread forever even if that particular thread is being 
Stuck. AS described above, it is possible that one thread is 
being Stuck because of Some dependency acroSS threads. For 
example, thread 0 may be Stuck because thread 1 must get 
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Something done before thread 0 can make progreSS. How 
ever, without having the processing priority for Some Suf 
ficient period of time, it is possible that thread 1 cannot make 
progreSS in order to help thread 0 make progress, i.e., get 
thread 0 unstuck. It is entirely possible that both threads can 
get Stuck. In this situation, the time during which each thread 
has the processing priority will continue to increase for both 
threads. More specifically, the processing priority is only 
given to each thread for a finite period of time in an 
alternating fashion. 
0064. Referring to FIG. 14, the thread precedence bit 
(TPB) 1499, as described above, is used to indicate which of 
the two threads currently has the processing priority. In one 
embodiment, the thread precedence bit 1499 is set to 0 to 
indicate that thread 0 has the processing priority and Set to 
1 otherwise. There are three counters, T0 counter (TOC) 
1403, T1 counter (T1C) 1405, and the thread precedence 
counter (TPC) 1413, that are used to control the duration of 
time during which one of the two threads has processing 
priority. In one embodiment, the TPC 1413 is configured to 
hold a value corresponding to a number of clock periods. In 
one embodiment, the TPC 1413 is decremented by a pre 
determined count every processing period. In one embodi 
ment, the predetermined count is one count and the proceSS 
ing period equals one clock period. When the TPC 1413 
reaches a predetermined threshold value, for example 0, the 
thread precedence bit 1499 is inverted and the TPC 1413 is 
loaded with a new value and the counting down process is 
repeated. The value that gets loaded into the TPC 1413 is 
supplied by either the TOC 1403 or the T1C 1405 depending 
on whether thread 0 or thread 1 is to have the processing 
priority, respectively. 
0065. Initially, in response to some signal indicating that 
a specified event, for example a nuke event or a reset, has 
occurred, the thread precedence bit 1499 is either set to 0 or 
1 based upon a predetermined implementation choice. In 
one embodiment, the thread precedence bit 1499 can be 
initially Set to one particular value corresponding to the 
particular thread that is to have the initial processing priority. 
For example, the thread precedence bit 1499 can be initially 
set to 0 to indicate that thread 0 is to have the initial 
processing priority. In another embodiment, the thread pre 
cedence bit 1499 can be randomly selected between 0 and 1 
in response to one of the Specified events. The thread 
precedence bit 1499, in yet another embodiment, can be set 
to be the same value as that in the last priority duration prior 
to the nuke or reset. AS explained earlier and below, how the 
thread precedence bit 1499 is set initially has little or no 
Significance Since the processing priority is to be alternated 
between the two threads periodically. In response to one of 
the specified events such as nuke or reset, both the TC01403 
and TC11405 are also initialized to some predetermined 
starting values. In one embodiment, the TC01403 and the 
TC11405 are both initialized to 1. The TPC 1413 is then 
loaded with a value derived from either the content of the 
TC01403 or the TC11405 depending on the initial value of 
the thread precedence bit 1499. For example, if the TPB 
1499 is set to 0 initially, then the value contained in the 
TC01403 is selected to compute the initial priority duration 
measured in terms of clock cycles. In one embodiment, the 
value of the TC01403 or TC11405 is multiplied by a 
predetermined number, for example 16, before being loaded 
into the TPC 1413. In one embodiment, a left shifter 1411 is 
used to perform the predetermined multiplication. In another 
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embodiment, the content of the TC01403 or TC11405 is 
loaded directly into the TPC and is used to indicate how long 
the priority duration is. In one embodiment, the value 
contained in the TPC 1413 indicates the number of clock 
cycles during which a particular thread has processing 
priority. 

0.066 Referring again to FIG. 14, the TPC 1413 is 
decremented by a predetermined count every processing 
period. In one embodiment, the predetermined count equals 
1 count and the processing period equals one clock period. 
Accordingly, the TPC 1413 is decremented by 1 every clock 
cycle. The compare logic 1415 performs a comparison 
operation once every processing period to compare the 
content of the TPC 1413 with a predetermined threshold 
value. In one embodiment, the compare logic 1415 performs 
the comparison operation once every clock cycle and the 
predetermined threshold value is set to 0. Continuing with 
the present example, when the content of the TPC 1413 
reaches 0, the compare logic 1415 generates a signal indi 
cating that the prior priority duration has expired in the 
current processing period. The Signal generated from the 
compare logic 1415 and the prior thread precedence bit 1499 
are input into the XOR gate 1417 that causes the prior thread 
precedence bit 1499 to be inverted. For example, if the prior 
thread precedence bit 1499 is 0, then the XOR gate 1417 will 
invert the thread precedence bit 1499 to 1 in response to the 
Signal generated from the compare logic 1415. The prior 
thread precedence bit 1499 is also input to the MUX 1409 
as the select signal to select either the content of the TC0 or 
TC1 counter as the value for computing the duration of the 
new priority period. In this example, if the prior thread 
precedence bit is 0 (hence the new value will be 1) then the 
MUX 1409 selects the TC11405 content, otherwise the 
MUX 1409 selects the TCO1403 content. The value Selected 
by the MUX 1409 is then multiplied by a predetermined 
number, for example 16, by the shift logic 1411. The output 
from the shift logic 1411 is then loaded into the TPC 1413 
in response to the Signal generated from the compare logic 
1415. 

0067. The contents of both T0 counter 1403 and T1 
counter 1405 are updated periodically in every processing 
period as follows. The content of the T0 counter 1403 is 
either reset to a predetermined number in response to a 
signal generated from the OR gate 1401 or incremented by 
a predetermined number based upon the Signal generated 
from the AND gate 1431. In one embodiment, if the signal 
from the OR gate 1401 is set then the content of the T0 
counter is reset to 1. In one embodiment, if the Signal from 
the AND gate 1431 is set then the T0 counter is incremented 
by 1. There are two inputs to the OR gate 1401. The first 
input to the OR gate 1401 is a signal indicating whether T0 
has any instructions to retire in the current cycle. The first 
input is set to 1 if TO has no instructions to retire in the 
current cycle and reset to 0 otherwise. The Second input to 
the OR gate 1401 is a signal indicating whether TO has 
retired at least one instruction in the current cycle. The 
second input is set to 1 if TO has retired at least one 
instruction in the current cycle. Accordingly, if either the 
first input or the second input to the OR gate 1401 is set then 
T0 counter 1403 is reset to 1. In this example, if either input 
to the OR gate 1401 is set then T0 is making progress, i.e., 
not being Stuck. Therefore it is not necessary to increase the 
priority duration for T0. 
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0068. There are three different inputs to the AND gate 
1431. The first input to the AND gate 1431 is the invert of 
the output signal from the OR gate 1401. Therefore the first 
input to the AND gate 1431 is only set if the output of the 
OR gate 1401 is low. As described above, the output of the 
OR gate 1401 is low means that there is no simultaneous 
contradictory command to clear the counter. The Second 
input to the AND gate 1431 is the signal generated by the 
compare logic 1415. AS described above, the Signal from the 
compare logic 1415 stays low until the content of the TPC 
1413 reaches a predetermined threshold value, for example 
0. Therefore, the second input to the AND gate 1431 is only 
set when the TPC reaches the predetermined threshold 
value, i.e., when the current priority duration has expired. 
The third input to the AND gate 1431 is the invert of the 
thread precedence bit 1499. As such, the third input to the 
AND gate 1431 is only set if thread precedence bit is zero 
when the TPC 1413 reaches its threshold value. As described 
above, the thread precedence bit is inverted after the TPC 
1413 reaches a predetermined threshold value. Accordingly, 
the thread precedence bit is inverted from 0 to 1 if thread 0 
has prior processing priority. As a result, the third input to 
the AND gate 1431 is only set if the processing priority has 
been Switched from thread 0 to thread 1 in the current 
processing period. Consequently, the output of the AND gate 
1431 is set to increment the content of the T0 counter 1403 
by a predetermined number, for example 1, if the following 
conditions are met. The first condition is that there is no 
contradictory command to clear the counter. This is indi 
cated by the output of the OR gate 1401. The second 
condition is that the processing priority has been Switched 
from thread 0 to thread 1 in the current processing period. 
This second condition is satisfied when the TPC counter 
1413 reaches a predetermined threshold value, for example 
0, and the thread precedence bit is inverted from 0 to 1. 
0069. Similarly, the content of the T1 counter 1405 is 
either reset to a predetermined number in response to a 
signal generated from the OR gate 1407 or incremented by 
a predetermined number based upon the Signal generated 
from the AND gate 1433. In one embodiment, if the signal 
from the OR gate 1407 is set then the content of the T1 
counter is reset to 1. In one embodiment, if the Signal from 
the AND gate 1433 is set then the T1 counter is incremented 
by 1. There are two inputs to the OR gate 1407. The first 
input to the OR gate 1407 is a signal indicating whether T1 
has any instructions to retire in the current cycle. The first 
input is set to 1 if T1 has no instructions to retire in the 
current cycle and reset to 0 otherwise. The Second input to 
the OR gate 1407 is a signal indicating whether T1 has 
retired at least one instruction in the current cycle. The 
Second input is Set to 1 if T1 has retired at least one 
instruction in the current cycle. Accordingly, if either the 
first input or the second input to the OR gate 1407 is set then 
T1 counter is reset to 1. In this example, if either input to the 
OR gate 1407 is set then T1 is making progress, i.e., not 
being Stuck. Therefore it is not necessary to increase the 
priority duration for T1. 
0070 There are three different inputs to the AND gate 
1433. The first input to the AND gate 1433 is the invert of 
the output signal from the OR gate 1407. Therefore the first 
input to the AND gate 1433 is only set if the output of the 
OR gate 1407 is low. This means that there is no contradic 
tory command to clear the counter. The Second input to the 
AND gate 1433 is the Signal generated by the compare logic 
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1415. AS described above, the Signal from the compare logic 
1415 stays low until the content of the TPC 1413 reaches a 
predetermined threshold value, for example 0. Therefore, 
the second input to the AND gate 1433 is only set when the 
TPC reaches the predetermined threshold value, i.e., when 
the current priority duration has expired. The third input to 
the AND gate 1433 is the thread precedence bit 1499. As 
such, the third input to the AND gate 1433 is only set if 
thread precedence bit is set to 1 when the current priority 
duration expires. AS described above, the thread precedence 
bit is inverted after the TPC 1413 reaches a predetermined 
threshold value. Accordingly, the thread precedence bit is 
inverted from 1 to 0 if thread 1 has prior processing priority. 
As a result, the third input to the AND gate 1433 is only set 
if the processing priority has been Switched from thread 1 to 
thread 0 in the current processing period. Consequently, the 
output of the AND gate 1433 is set to increment the content 
of the T1 counter 1405 by a predetermined number, for 
example 1, if the following conditions are met. The first 
condition is that there is no contradictory command to clear 
the counter. This is indicated by the output of the OR gate 
1407. The second condition is that the processing priority is 
Switching from thread 1 to thread 0. This second condition 
is satisfied when the TPC counter 1413 reaches a predeter 
mined threshold value, for example 0, and the thread pre 
cedence bit is about to invert from 1 to 0. 

0071. The invention has been described in conjunction 
with the preferred embodiment. It is evident that numerous 
alternatives, modifications, variations and uses will be 
apparent to those skilled in the art in light of the foregoing 
description. 

What is claimed is: 
1. A method of controlling a processing priority assigned 

alternately to a first thread and a Second thread in a multi 
threaded processor, the processing priority being used to 
prevent deadlock and livelock problems between the first 
thread and the Second thread, the method comprising: 

assigning the processing priority to the first thread for a 
first duration; 

determining whether the first duration has expired; and 
if the first duration has expired, assigning the processing 

priority to the Second thread for a Second duration. 
2. The method of claim 1 wherein assigning the process 

ing priority to the first thread comprises: 
Setting a thread priority Signal to a first value indicating 

that the first thread has the processing priority over the 
Second thread. 

3. The method of claim 2 wherein the thread priority 
Signal comprises a thread priority bit, the thread priority bit 
being set to a first bit value to indicate that the first thread 
has the processing priority and being Set to a Second bit 
value to indicate that the Second thread has the processing 
priority. 

4. The method of claim 2 further including: 
Setting a priority time period to indicate that the first 

duration during which the first thread has the process 
ing priority has started. 

5. The method of claim 4 wherein setting the priority time 
period comprises: 
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loading a priority time counter with a first number cor 
responding to the first duration. 

6. The method of claim 1 wherein assigning the process 
ing priority to the Second thread comprises: 

Setting a thread priority signal to a Second value indicating 
that the Second thread has the processing priority over 
the first thread. 

7. The method of claim 6 wherein the thread priority 
Signal comprises a thread priority bit, the thread priority bit 
being set to a first bit value to indicate that the first thread 
has the processing priority and being Set to a Second bit 
value to indicate that the Second thread has the processing 
priority. 

8. The method of claim 6 further including: 
Setting a priority time period to indicate that the Second 

duration during which the Second thread has the pro 
cessing priority has started. 

9. The method of claim 8 wherein setting the priority time 
period comprises: 

loading a priority time counter with a Second number 
corresponding to the Second duration. 

10. The method of claim 1 wherein determining whether 
the first duration has expired comprises: 

keeping track of an amount of time that has elapsed since 
the first duration Starts, 

checking whether the amount of time that has elapsed 
Since the first duration Starts exceeds a predetermined 
threshold value; and 

indicating that the first duration has expired if the amount 
of time that has elapsed Since the first duration Starts 
exceeds the predetermined threshold value. 

11. The method of claim 10 wherein keeping track of the 
amount of time that has elapsed comprises: 

Setting a priority time period to a first number that 
corresponds to the length of the first duration when the 
first duration Starts, and 

decrementing the priority time period by a predetermined 
count periodically to reflect the amount of time that has 
elapsed since the first duration Starts. 

12. The method of claim 11 wherein checking whether the 
amount of time that has elapsed Since the first duration Starts 
comprises: 

checking whether the priority time period exceeds the 
predetermined threshold value. 

13. The method of claim 12 wherein the predetermined 
threshold value is zero. 

14. The method of claim 11 wherein setting the priority 
time period comprises loading a priority time counter with 
the first number corresponding to the length of the first 
duration when the first duration Starts and decrementing the 
priority time period comprises decrementing the priority 
time counter by the predetermined count periodically. 

15. The method of claim 11 wherein decrementing the 
priority time period periodically comprises: 

decrementing the priority time period by the predeter 
mined count once per a processing period. 

16. The method of claim 15 wherein the processing period 
comprises a predetermined number of processing cycles. 
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17. The method of claim 16 wherein the predetermined 
number of processing cycles corresponds to a predetermined 
number of the processor clock periods. 

18. The method of claim 16 wherein the predetermined 
number of processing cycles is one and the predetermined 
number of the processor clock periods is one. 

19. The method of claim 10 wherein keeping track of the 
amount of time that has elapsed comprises: 

Setting a priority time period to a first number that 
corresponds to a starting point of the first duration 
when the first duration Starts, and 

incrementing the priority time period by a predetermined 
count periodically to reflect the amount of time that has 
elapsed since the first duration Starts. 

20. The method of claim 19 wherein checking whether the 
amount of time that has elapsed Since the first duration Starts 
comprises: 

checking whether the priority time period exceeds the 
predetermined threshold value. 

21. The method of claim 20 wherein the predetermined 
threshold value equals the length of the first duration. 

22. The method of claim 17 wherein setting the priority 
time period comprises loading a priority time counter with 
the first number corresponding to the Starting point of the 
first duration when the first duration Starts and incrementing 
the priority time period comprises incrementing the priority 
time counter by the predetermined count periodically. 

23. The method of claim 1 further comprising: 
determining the first duration. 
24. The method of claim 23 wherein determining the first 

duration comprises: 
initializing the first duration to a first initial period of time 

at the start of the first thread execution. 
25. The method of claim 24 wherein initializing the first 

duration to the first initial period comprises: 
loading a first counter with a first number corresponding 

to the first initial period. 
26. The method of claim 24 wherein the first initial period 

of time corresponds to a predetermined number of proceSS 
ing periods. 

27. The method of claim 26 wherein each processing 
period corresponds to a predetermined number of processing 
cycles and each processing cycle corresponds to a predeter 
mined number of processor clock periods. 

28. The method of claim 23 wherein determining the first 
duration further comprises: 

Setting the first duration to a predetermined restart period 
of time in response to a specified event. 

29. The method of claim 28 wherein setting the first 
duration to the predetermined restart period comprises: 

loading a first counter with a first restart number corre 
sponding to the predetermined restart period. 

30. The method of claim 28 wherein the predetermined 
restart period corresponds to a predetermined number of 
processing periods. 

31. The method of claim 28 wherein the specified event is 
Selected from a group consisting of a nuke event and a reset 
eVent. 
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32. The method of claim 23 wherein determining the first 
duration further comprises: 

updating the first duration periodically. 
33. The method of claim 32 wherein updating the first 

duration comprises: 
determining whether the first thread has made progreSS in 

a current processing period; and 
Setting the first duration to a first starting value if the first 

thread has made progreSS in the current processing 
period. 

34. The method of claim 33 wherein determining whether 
the first thread has made progreSS in the current processing 
period comprises: 

checking whether there is any instruction in the first 
thread waiting for retirement; and 

indicating that the first thread has made progreSS if there 
is no instruction in the first thread waiting for retire 
ment in the current processing period. 

35. The method of claim 34 wherein checking whether 
there is any instruction in the first thread waiting for retire 
ment comprises: 

examining a queue used to Store instructions from the first 
thread that are waiting to be retired. 

36. The method of claim 33 wherein determining whether 
the first thread has made progreSS in the current processing 
period comprises: 

determining whether the first thread has retired at least 
one instruction in the current processing period; and 

indicating that the first thread has made progreSS if the 
first thread has retired at least one instruction in the 
current processing period. 

37. The method of claim 33 wherein setting the first 
duration to the first starting value comprises: 

Setting a first counter to the first Starting value. 
38. The method of claim 32 wherein updating the first 

duration comprises: 
increasing the first duration by a predetermined amount 

based upon at least one factor Selected from the group 
consisting of a first factor indicating whether the first 
thread has made progreSS within a predetermined time 
period and a Second factor indicating whether the 
processing priority has been inverted in a current 
processing period. 

39. The method of claim 38 wherein the predetermined 
time period comprises a time period during which the 
processing priority was last assigned to the first thread. 

40. The method of claim 38 wherein the predetermined 
time period comprises a time period during which the 
processing priority was last assigned to the Second thread. 

41. The method of claim 38 wherein the predetermined 
time period comprises a time period during which the 
processing priority was last assigned to the first thread and 
a time period during which the processing priority was last 
assigned to the Second thread. 

42. The method of claim 38 wherein increasing com 
prises: 

increasing the first duration by the predetermined amount 
if the first thread has not made progreSS Since the last 
time it had the processing priority and the processing 
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priority has been Switched from the first thread to the 
Second thread in the current processing period. 

43. The method of claim 38 wherein increasing com 
prises: 

increasing the first duration by the predetermined amount 
if the first thread has not made progreSS Since the last 
time it had the processing priority and the processing 
priority has been Switched from the second thread to 
the first thread in the current processing period. 

44. The method of claim 38 wherein increasing the first 
duration comprises: 

incrementing a first counter by the predetermined count, 
the predetermined count corresponding to a predeter 
mined number of processing periods. 

45. An apparatus for arbitrating a processing priority 
given alternately to a first thread and a Second thread in a 
multithreaded processor in a current processing period, the 
apparatus comprising: 

a first circuit to determine whether a current priority 
period has expired and generate a change Signal if the 
current priority period has expired; and 

a Second circuit to invert the processing priority in 
response to the change Signal. 

46. The apparatus of claim 45 wherein the first circuit 
comprises: 

a priority counter to Store a value indicating an amount of 
time that has elapsed since the current priority period 
Starts, and 

a comparator to compare the value Stored in the priority 
counter with a predetermined threshold value and to 
generate the change Signal indicating that the current 
priority period has expired when the value Stored in the 
priority counter exceeds the predetermined threshold 
value. 

47. The apparatus of claim 46 wherein the value stored in 
the priority counter is Set to correspond to the length of the 
current priority period at the Start of the current priority 
period and is decremented by a predetermined count peri 
odically thereafter to reflect the amount of time that has 
elapsed since the current priority period Starts. 

48. The apparatus of claim 47 wherein the priority counter 
is decremented by the predetermined count once every 
processing period after the current priority Starts. 

49. The apparatus of claim 48 wherein each processing 
period corresponds to a predetermined number of processing 
cycles. 

50. The apparatus of claim 49 wherein each processing 
cycle corresponds to a predetermined number of processor 
clock periods. 

51. The apparatus of claim 47 wherein the predetermined 
threshold value equals Zero. 

52. The apparatus of claim 46 wherein the value stored in 
the priority counter is Set to correspond to a starting point of 
the current priority period at the Start of the current priority 
period and is incremented by a predetermined count peri 
odically thereafter to reflect the amount of time that has 
elapsed since the current priority period Starts. 

53. The apparatus of claim 52 wherein the priority counter 
is incremented by the predetermined count once every 
processing period after the current priority Starts. 
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54. The apparatus of claim 53 wherein each processing 
period corresponds to a predetermined number of processing 
cycles. 

55. The apparatus of claim 54 wherein each processing 
cycle corresponds to a predetermined number of processor 
clock periods. 

56. The apparatus of claim 52 wherein the predetermined 
threshold value equals the length of the current priority 
period. 

57. The apparatus of claim 46 further comprising: 
a first thread counter to hold a first value corresponding to 

a first duration during which the processing priority is 
to be given to the first thread; 

a Second thread counter to hold a Second value corre 
sponding to a Second duration during which the pro 
cessing priority is to be given to the Second thread; and 

a selector to select either the output of the first thread 
counter or the output of the Second thread counter as the 
length of a next priority period, the output of the 
Selector is to be loaded into the priority counter in 
response to the change Signal generated from the com 
parator indicating that the current priority period has 
expired. 

58. The apparatus of claim 57 wherein the first thread 
counter is set to a first starting value at the Start of the first 
thread execution. 

59. The apparatus of claim 57 wherein the first thread 
counter is set to a first Starting value in response to a 
Specified event. 

60. The apparatus of claim 59 wherein the specified event 
is Selected from the group consisting of a nuke event and a 
reSet event. 

61. The apparatus of claim 57 wherein the first thread 
counter is reset to a first Starting value in response to a signal 
indicating that the first thread has made progreSS in the 
current processing period. 

62. The apparatus of claim 61 wherein the first thread has 
made progreSS in the current processing period if the first 
thread has no instructions waiting to be retired in the current 
processing period. 

63. The apparatus of claim 61 wherein the first thread has 
made progreSS in the current processing period if the first 
thread has retired at least one instruction in the current 
processing period. 

64. The apparatus of claim 57 wherein the first thread 
counter is incremented by a predetermined number based 
upon at least one factor Selected from the group consisting 
of a first factor indicating whether the first thread has made 
progreSS after a predetermined time period has passed and a 
Second factor indicating whether the processing priority has 
been alternated in the current processing period. 

65. The apparatus of claim 64 wherein the first thread 
counter is incremented by the predetermined number if the 
first thread has not made progreSS in the current processing 
period and the processing priority has been alternated from 
the Second thread to the first thread in the current processing 
period. 

66. The apparatus of claim 64 wherein the first thread 
counter is incremented by the predetermined number if the 
first thread has not made progreSS in the current processing 
period and the processing priority has been alternated from 
the first thread to the Second thread in the current processing 
period. 
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67. An apparatus for managing a processing priority 
between a first thread and a Second thread in a multithreaded 
processor in a current processing period, the apparatus 
comprising: 

a first counter to Store a first value corresponding to a first 
duration during which the first thread is to be given the 
processing priority; 

a Second counter to Store a Second value corresponding to 
a Second duration during which the Second thread is to 
be given the processing priority; 

a Selector to Select either the first value or the Second 
value based upon a thread priority signal indicating 
whether the processing priority is to be given to the first 
thread or the Second thread; 

a priority counter coupled to the Selector and to Store a 
third value indicating how much time has elapsed since 
the Start of a current priority period, the priority counter 
further stores a fourth value derived from the output of 
the Selector in response to a priority change Signal; 

a comparator coupled to the priority counter and to 
generate the priority change Signal if the third value 
Stored in the priority counter exceeds a predetermined 
threshold number; and 

invert logic coupled to the comparator and to invert the 
thread priority Signal to alternate the processing priority 
in response to the priority change Signal from the 
comparator. 

68. An apparatus for controlling a processing priority in a 
multithreaded processor capable of processing a first thread 
and a Second thread concurrently, the apparatus comprising: 

a first circuit to determine whether a first duration during 
which the first thread has the processing priority has 
expired and to generate a priority change Signal if the 
first duration has expired; and 

a Second circuit to invert the processing priority from the 
first thread to the Second thread for a Second duration 
if the first duration has expired. 

69. The apparatus of claim 68 wherein the first circuit 
comprises: 

a priority counter to maintain a first count corresponding 
to a time that has elapsed since the first duration Starts, 
and 

a comparator to generate the priority change Signal based 
upon the first count and a predetermined threshold 
value. 

70. The apparatus of claim 69 wherein the first count is 
initialized to a first value corresponding to the length of the 
first duration at the start of the first duration and decre 
mented by a predetermined decrementing value periodically 
thereafter. 

71. The apparatus of claim 69 wherein the first count is 
initialized to a first value corresponding to a starting point of 
the first duration at the start of the first duration and 
incremented by a predetermined incrementing value peri 
odically thereafter. 

72. The apparatus of claim 69 wherein the predetermined 
threshold value is Stored in a programmable Storage unit. 
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73. The apparatus of claim 70 wherein the predetermined 
threshold value is Set to a value corresponding to a starting 
point of the first duration. 

74. The apparatus of claim 71 wherein the predetermined 
threshold value is Set to a value corresponding to the length 
of the first duration. 

75. The apparatus of claim 69 wherein the comparator 
performs a comparison operation with respect to the first 
count and the predetermined threshold value and generates 
the priority change Signal if the first count exceeds the 
predetermined threshold value. 

76. The apparatus of claim 68 wherein the second circuit 
comprises: 

an invert device coupled to invert a thread precedence 
Signal to alternate the processing priority in response to 
the priority change Signal from the first circuit. 

77. The apparatus of claim 76 wherein the thread prece 
dence Signal comprises a thread precedence bit, the thread 
precedence bit is set to a first bit value to indicate that the 
first thread has the processing priority and Set to a Second bit 
value to indicate that the Second thread has the processing 
priority. 

78. The apparatus of claim 76 wherein the invert device 
comprises an exclusive OR gate coupled to receive as inputs 
the priority change Signal and the thread precedence Signal 
and to generate the invert of the thread precedence Signal. 

79. The apparatus of claim 76 wherein the thread prece 
dence Signal is Stored in a programmable Storage unit. 

80. The apparatus of claim 68 further comprising: 

a first counter to maintain a first Starting number, the first 
Starting number Specifying a next priority duration for 
the first thread; and 

a Second counter to maintain a Second Starting number, the 
Second Starting number Specifying a next priority dura 
tion for the second thread. 

81. The apparatus of claim 80 wherein the first starting 
number is initialized to a first initial duration at the start of 
the first thread execution and the Second Starting number is 
initialized to a Second initial duration at the Start of the 
Second thread execution. 

82. The apparatus of claim 80 wherein the first starting 
number and the Second Starting number are initialized to a 
first restart duration and a Second restart duration, respec 
tively, in response to a Specified event. 

83. The apparatus of claim 80 wherein the first starting 
number and the Second Starting number are updated peri 
odically. 

84. The apparatus of claim 83 wherein the first starting 
number is reset to a first value in response to a signal 
indicating that the first thread has made progreSS in the 
current processing period. 

85. The apparatus of claim 84 wherein the first thread has 
made progreSS in the current processing period if there is no 
instruction from the first thread waiting for retirement or if 
the first thread retires at least one instruction in the current 
processing period. 

86. The apparatus of claim 83 wherein the first starting 
number is incremented by a predetermined number if the 
first thread has not made progreSS in the current processing 
period. 

87. The apparatus of claim 83 wherein the first starting 
number is incremented by a predetermined number if the 
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first thread has not made progreSS in the current processing 
period and the processing priority has alternated in the 
current processing period. 

88. A method of controlling a processing priority alter 
nately given to a first thread and a Second thread in a 
multithreaded processor, the method comprising: 

determining whether a previous priority period has 
expired in a current processing period; 

generating a priority change Signal if the previous priority 
period has expired in the current processing period; and 

alternating the processing priority in response to the 
priority change Signal. 

89. The method of claim 88 wherein determining whether 
the previous priority period has expired in the current 
processing period comprises: 

keeping track of an amount of time that has elapsed since 
the previous priority period Starts, and 

comparing the amount of time that has elapsed with a 
predetermined threshold value. 

90. The method of claim 89 wherein keeping track of the 
amount of time comprises: 

maintaining a priority time count to indicate the amount 
of time that has elapsed since the previous priority 
period Starts. 

91. The method of claim 90 wherein maintaining the 
priority time count comprises: 

initializing the priority time count to a first value at the 
Start of the previous priority period; and 

periodically updating the priority time count to Specify 
how much time has passed since the Start of the 
previous priority period. 

92. The method of claim 91 wherein the first value 
corresponds to the length of the previous priority period and 
wherein periodically updating the priority time count com 
prises decrementing the first value by a predetermined 
amount once every processing period. 

93. The method of claim 91 wherein the first value 
corresponds to a Starting point of the previous priority period 
and wherein periodically updating the priority period com 
prises incrementing the first value by a predetermined 
amount once every processing period. 

94. The method of claim 88 wherein alternating the 
processing priority comprises: 

inverting a thread precedence Signal, the thread prece 
dence Signal being Set to a first State to indicate that the 
first thread has processing priority and being Set to a 
Second State to indicate that the Second thread has 
processing priority. 

95. The method of claim 88 further comprising: 
Setting a new priority period in response to the priority 

change Signal. 
96. The method of claim 95 wherein setting the new 

priority period comprises: 

Setting the new priority period to a first duration if the first 
thread is to have processing priority in the new priority 
period and to a Second duration if the Second thread is 
to have processing priority in the new priority period. 
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97. An apparatus for arbitrating a processing priority 
given alternately to a first thread and a Second thread in a 
multithreaded processor, the apparatus comprising: 
means for determining whether a current priority duration 

has expired in a current processing period; and 
means for alternating the processing priority if the current 

priority duration has expired in the current processing 
period. 

98. The apparatus of claim 97 wherein means for deter 
mining whether the current priority duration has expired 
comprises: 
means for keeping track of an amount of time that has 

elapsed since the current priority duration Starts, and 
means for generating a priority change Signal to indicate 

that the current priority duration has expired if the 
amount of time that has elapsed since the current 
priority duration Starts exceeds a predetermined thresh 
old value. 

99. The apparatus of claim 98 further comprising: 
means for comparing the amount of time that has elapsed 

Since the current priority duration Starts with the pre 
determined threshold value. 

100. The apparatus of claim 97 further comprising: 
means for determining a next priority duration for the first 

thread and a next priority duration for the Second 
thread. 

101. The apparatus of claim 100 further comprising: 
means for Selecting either the next priority duration for 

the first thread or the next priority duration for the 
Second thread based upon a Signal indicating whether 
the first thread or the second thread is to be given the 
processing priority. 

102. The apparatus of claim 100 including: 
means for resetting the next priority duration for the first 

thread to a first predetermined duration and for Setting 
the next priority duration for the Second thread to a 
Second predetermined duration, in response to detect 
ing a Specified event. 

103. The apparatus of claim 100 including: 
means for resetting the next priority duration for the first 

thread to a first predetermined duration in response to 
a signal indicating that the first thread has made 
progreSS in the current processing period and for reset 
ting the next priority duration for the Second thread to 
a Second predetermined duration in response to a signal 
indicating that the Second thread has made progreSS in 
the current processing period. 

104. The apparatus of claim 100 including: 
means for increasing the next priority duration for the first 

thread and the next priority duration for the Second 
thread based upon at least one factor Selected from the 
group consisting of a first factor indicating whether the 
first thread or the Second thread has made progreSS 
within a predetermined time period and a Second factor 
indicating whether the processing priority has been 
alternated in the current processing period. 

105. A method for controlling a processing priority 
between a first thread and a Second thread in a multithreaded 
processor to prevent deadlock and livelock problems, the 
method comprising: 
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assigning alternately the processing priority to the first 
thread for a first priority duration and to the Second 
thread for a Second priority duration; 

increasing the first priority duration by a first predeter 
mined amount if the first thread has not made progreSS 
after a first period of time has passed since the last time 
the processing priority is assigned to the first thread; 
and 

increasing the Second priority duration by a Second pre 
determined amount if the Second thread has not made 
progreSS after a Second period of time has passed since 
the last time the processing priority is assigned to the 
Second thread. 

106. The method of claim 105 wherein the first priority 
duration is initialized to a first starting number at the Start of 
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the first thread and the Second priority duration is initialized 
to a Second Starting number at the Start of the Second thread. 

107. The method of claim 105 wherein the first priority 
duration is reset to a first reset value if the first thread has 
made progreSS in a current processing period and the Second 
priority duration is reset to a Second reset value if the Second 
thread has made progreSS in the current processing period. 

108. The method of claim 105 wherein the first thread has 
made progreSS if the first thread has no instructions waiting 
for retirement in a current processing period. 

109. The method of claim 105 wherein the first thread has 
made progreSS if the first thread has retired at least one 
instruction in a current processing period. 


