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METHOD AND APPARATUS FOR EFFICIENTLY 
ROUTING DEPENDENT INSTRUCTIONS TO 

CLUSTERED EXECUTION UNITS 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates to the ?eld of microprocessor 
architecture, more particularly to an architecture that makes 
ef?cient use of instruction execution units in a multi-cluster 
system. 

BACKGROUND OF THE INVENTION 

[0002] Early microprocessors operated at relatively loW 
clock frequencies. As users demanded faster microproces 
sors, designers responded by increasing the clock frequency. 
In some designs, the higher clock frequency did not interfere 
With the correct logical operation of the microprocessor. In 
other designs, the higher clock frequency caused subsystems 
in the microprocessor to fail. These failures Were addressed 
in several Ways. Some failures Were corrected by packing 
the logic devices more densely on the chip in order to 
decrease signal path lengths betWeen the logic devices. 
Others Were corrected by implementing the design in a faster 
technology, such as gallium arsenide. As clock frequencies 
continued to increase, these strategies became more dif?cult 
and costly to implement, and other strategies evolved to 
satisfy the user’s demand for faster microprocessors. 

[0003] One such strategy involved designing multiple 
instruction execution units into a single microprocessor. A 
microprocessor having multiple instruction execution units 
can execute more instructions per unit of time than a 
microprocessor having a single instruction execution unit. 
This strategy evolved to a point Where multiple instruction 
execution units Were grouped or clustered to further increase 
microprocessor performance. HoWever, the performance 
improvement in these multi-cluster microprocessors comes 
at the cost of increased complexity in the scheduler, the 
microprocessor subsystem that routes instructions to the 
clusters in an attempt to improve the utiliZation of the 
instruction execution units. An additional problem arises 
When the results produced by a ?rst cluster are required for 
use by a second cluster. In that case, a delay in Waiting for 
the results produced by the ?rst cluster to be available to the 
second cluster reduces the throughput of the microprocessor. 

[0004] Referring to FIG. 1, a block diagram of a prior art 
microprocessor system is shoWn. Memory 100 is provided 
for storing instructions. Coupled to memory 100 is instruc 
tion fetch 105. The purpose of instruction fetch 105 is to 
retrieve instructions from memory 100 and present them to 
scheduler 110. Scheduler 110 routes instructions to either 
?rst cluster 115 or second cluster 120. First execution unit 
125 and second execution unit 130 are provided for execut 
ing instructions routed to ?rst cluster 115. Third execution 
unit 135 and fourth execution unit 140 are provided for 
executing instructions routed to second cluster 120. Retire 
ment unit 145 is coupled to the outputs of ?rst cluster 115 
and second cluster 120 and couples the architectural state via 
Write back bus 160 to ?rst cluster 115 and second cluster 
120. The architectural state is the bit con?guration of all the 
registers in retirement unit 145 at a given time. First cluster 
fast results bypass 150 is provided to couple the output of 
?rst cluster 115 to the input of ?rst cluster 115, for use in ?rst 
cluster 115, prior to commitment in retirement unit 145. 
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LikeWise, second cluster fast results bypass 155 is provided 
to couple the output of second cluster 120 to the input of 
second cluster 120, for use in second cluster 120, prior to 
commitment in retirement unit 145. 

[0005] In operation, instruction fetch 105 retrieves instruc 
tions from memory 100 and delivers the instructions to 
scheduler 110. Scheduler 110 attempts to route instructions 
to ?rst cluster 115 and second cluster 120 in a Way that 
provides high utiliZation of execution units 125, 130, 135, 
and 140. Unfortunately, When a read instruction is executed 
in second cluster 120 after a Write instruction Was executed 
in ?rst cluster 115, the results of the Write instruction are not 
immediately available to the read instruction, since the 
results of the Write instruction must be fed back to second 
cluster 120 from the architectural state in retirement unit 145 
via Write back bus 160. 

[0006] For these and other reasons there is a need for the 
present invention. 

SUMMARY OF THE INVENTION 

[0007] In one embodiment an apparatus for routing com 
puter instructions comprises a plurality of queues to buffer 
instructions to a plurality of clusters, a chain af?nity unit to 
store information, and a dispersal unit to route instructions 
to the plurality of queues based on information to be stored 
in the chain af?nity unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of a prior art general 
purpose microprocessor system. 

[0009] FIG. 2 is a block diagram of one embodiment of a 
microprocessor system of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] Referring to FIG. 2, a block diagram of one 
embodiment of a microprocessor system of the present 
invention is shoWn. Memory 200 stores instructions, and 
instruction fetch 203 retrieves instructions from memory 
200. Intra-cycle dependency analyZer 278 analyZes groups 
of instructions received from instruction fetch 203 and 
identi?es dependent instructions in the analyZed group to 
dispersal unit 260. Dispersal unit 260 receives instructions 
from instruction fetch 203, manages chain af?nity unit 263, 
and routes instructions received from instruction fetch 203 
to a plurality of queues 266, 269, 272, and 275. The plurality 
of queues is coupled to a plurality of clusters 206, 209, 212, 
and 215, Which include eight execution units 221, 224, 227, 
230, 233, 236, 239, and 242, and four fast results bypasses 
245, 248, 251, and 254. The output of the clusters are 
coupled to retirement unit 218, Which feeds back the archi 
tectural state via Write back bus 257 to the clusters. Those 
skilled in the art Will recogniZe that this embodiment of the 
present invention is not limited in the number of clusters, the 
number of execution units per cluster, or in the number of 
queues. 

[0011] Dispersal unit 260, in one embodiment of the 
present invention, is a hardWare unit that routes instructions 
to queues 266, 269, 272, and 275. In one embodiment, When 
a read instruction is encountered in the instruction stream, 
dispersal unit 260 examines the information in chain affinity 
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unit 263 to determine Whether a cluster has recently Written 
to a register. If a cluster has recently Written to a register that 
is to be read by the read instruction encountered in the 
instruction stream, then dispersal unit 260 routes the current 
read instruction to the queue that feeds the cluster. In that 
Way, the current read instruction need not Wait for retirement 
of the results of the previous Write instruction before execut 
ing. This improves processor utiliZation. In another embodi 
ment, dispersal unit 260, in addition to routing instructions, 
load balances across the queues by maintaining a previous 
history of chains. In still another embodiment, dispersal unit 
260, in addition to routing instructions, load balances across 
the queues by maintaining approximately equal queue 
lengths. In yet another embodiment, dispersal unit 260, in 
addition to routing instructions, load balances across the 
queues by maintaining a list of hints from the compiler. 

[0012] Chain af?nity unit 263 stores information. In one 
embodiment, the information to be stored in chain affinity 
unit 263 associates a cluster in the plurality of clusters With 
a register. The cluster associated With the register is the last 
cluster to Write to the register. Any storage region is suitable 
for use as chain af?nity unit 263. In one embodiment, the 
storage region is a table having a number of entries. In an 
alternate embodiment, the table has a number of entries 
equal to the number of registers in the architectural state of 
the system. Each entry consists of tWo ?elds. The ?rst ?eld 
is a one bit ?eld that indicates Whether the register Was a 
destination of a Write operation. The second ?eld employs a 
sufficient number of bits to indicate the cluster to Which the 
last Write instruction Was directed. For example, in an 
embodiment that includes four clusters and eight execution 
units, the number of bits in the second ?eld is tWo. 

[0013] In one embodiment, information is entered into 
chain affinity unit 263 by dispersal unit 260 each time a Write 
instruction occurs in the instruction stream. Information 
identifying the register to be Written, and information iden 
tifying the cluster to execute the Write instruction is entered 
into chain af?nity unit 263. In one embodiment, the physical 
location of information in chain affinity unit 263 can be used 
to identify the type of information stored. For example, 
information identifying the register to be Written may be 
identi?ed by the location in Which the cluster information is 
entered into chain affinity unit 263. Information entered into 
chain affinity unit 263 is erased or removed by dispersal unit 
260 at a time after Write information is committed to the 
architectural state in retirement unit 218. 

[0014] Intra-cycle dependency analyZer 278, in one 
embodiment of the present invention, is a hardWare unit that 
analyZes groups of instructions in order to identify depen 
dent instructions. A dependent instruction is an instruction 
that reads a register that Was previously Written. In one 
embodiment, a group of instructions is received from 
instruction fetch 203 and set for execution during one clock 
cycle. Intra-cycle dependency analyZer 278 sorts the group 
of instructions received from instruction fetch 203 in order 
to identify instructions that may have dependencies, identi 
?es dependent instructions in the sorted group, and commu 
nicates the identity of the dependent instructions to dispersal 
unit 260. 

[0015] Queues, in one embodiment, buffer instructions for 
execution by the execution units. In one embodiment, 
queues 266, 269, 272, and 275 are ?rst-in-?rst-out (FIFO) 
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queues. A FIFO queue receives a series of inputs and 
disperses them in the order in Which they Were received. In 
an alternate embodiment, queues 266, 269, 272, and 275 are 
data How schedulers. A data How scheduler receives a series 
of inputs and is capable of dispersing the received inputs in 
an order other than the order in Which they are received. 
Those skilled in the art Will recogniZe that a queue suitable 
for use in the present invention can be realiZed in a variety 
of embodiments and is not limited to FIFO queues and data 
How schedulers. 

[0016] An advantage of an embodiment in Which queues 
buffer instructions prior to their execution over a system 
Without queues is that a less complicated instruction routing 
algorithm can be employed by dispersal unit 160. In a 
system Without queues, dispersal unit 260 tracks the status 
of eight execution units in order to route the instructions. An 
algorithm employed by dispersal unit 260 to track the status 
of four queues can be less complicated than an algorithm 
employed by dispersal unit 260 to track of the status of eight 
execution units. 

[0017] In one embodiment, queues 266, 269, 272, and 275 
receive instructions from dispersal unit 260 and in turn route 
instructions to clusters 206, 209, 212, and 215. Dispersal 
unit 260, in one embodiment, manages chain af?nity unit 
263 by entering Write information into chain affinity unit 
263, and selectively erasing information from chain affinity 
unit 263. A time for entering Write information into chain 
af?nity unit 263 is When a Write instruction is received. A 
time for selectively erasing information in chain affinity unit 
263 is after a register, Which Was the destination of a Write 
instruction, is committed to retirement unit 218. 

[0018] One function of queues 266, 269, 272, and 275 is 
to stage a cache of instructions for execution at the input to 
each cluster 206, 209, 212, and 215, respectively. Staging a 
cache of instructions at the input to each cluster alloWs high 
utiliZation of the instruction execution units, since the 
instruction execution units Will have instructions to execute, 
as long as the queues do not completely drain. 

[0019] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement Which is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents 
thereof. 

What is claimed is: 
1. An apparatus for routing computer instructions com 

prising: 

a plurality of queues to buffer instructions to a plurality of 

clusters; 

a chain af?nity unit to store information; and 

a dispersal unit to route instructions to the plurality of 
queues based on information to be stored in the chain 
affinity unit. 

2. The apparatus of claim 1, Wherein information to be 
stored in the chain affinity unit associates a cluster in the 
plurality of clusters With a register. 
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3. The apparatus of claim 2, wherein the dispersal unit is 
capable of routing an instruction to the cluster associated 
With the register. 

4. The apparatus of claim 1, Wherein each of the plurality 
of queues is a ?rst-in-?rst-out (FIFO) queue. 

5. The apparatus of claim 1, Wherein each of the plurality 
of queues is data How scheduler. 

6. The apparatus of claim 1, Wherein the chain affinity unit 
is a table. 

7. The apparatus of claim 1, further comprising a retire 
ment unit having a number of registers, and the retirement 
unit to receive input from the plurality of clusters. 

8. The apparatus of claim 7, Wherein the chain affinity unit 
is capable of having a number of entries equal to the number 
of registers in the retirement unit. 

9. The apparatus of claim 8, Wherein the dispersal unit 
routes instructions that read a register to one of the plurality 
of clusters that has most recently Written the register. 

10. The apparatus of claim 1, further comprising an 
intra-cycle dependency analyZer coupled to the dispersal 
unit, the intra-cycle dependency analyZer to identify depen 
dencies in a group of instructions to the dispersal unit. 

11. The apparatus of claim 10, Wherein dependencies 
comprise a ?rst instruction and a second instruction, Where 
the second instruction is to read a register previously Written 
by the ?rst instruction. 

12. An apparatus for routing computer instructions com 
prising: 

a plurality of queues to buffer instructions and to provide 
input to a plurality of clusters; 

a chain af?nity unit having a Write entry to indicate 
Whether a register Was a destination of a Write opera 
tion, and a cluster entry to indicate one of the plurality 
of clusters to Which the Write operation Was directed; 
and 

a dispersal unit that is coupled the chain affinity unit and 
the plurality of queues and that routes a read instruction 
to one of the plurality of clusters indicated by the 
cluster entry in the chain af?nity unit, if the Write entry 
in the chain affinity unit indicates that the register Was 
the destination of a Write operation. 
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13. The apparatus of claim 12, further comprising a 
retirement unit having a number of registers and the retire 
ment unit to receive input from the plurality of clusters. 

14. The apparatus of claim 13, Wherein the chain affinity 
unit is capable of having a number of entries equal to the 
number of registers in the retirement unit. 

15. The apparatus of claim 12, Wherein the dispersal unit 
routes instructions to the plurality of clusters in a manner 
that maintains approximately equal queue lengths. 

16. The apparatus of claim 12, further comprising an 
intra-cycle dependency analyZer coupled to the dispersal 
unit, and Where the intra-cycle dependency analyZer is to 
identify dependencies in a group of instructions to the 
dispersal unit. 

17. Amethod for routing a computer instruction compris 
mg: 

determining if an instruction reads a register; and 

routing the instruction, if it reads the register, to a cluster 
in response to information in a chain af?nity unit. 

18. The method of claim 17 further comprising: 

buffering the instruction in a queue. 
19. The method of claim 17 further comprising: 

selectively erasing information in the chain affinity unit. 
20. The method of claim 18, further comprising: 

selectively erasing information in the chain affinity unit. 
21. Amethod for routing a computer instruction compris 

ing: 

determining if an instruction has an intra-cycle depen 
dency; and 

routing the instruction to a cluster in response to the 
dependency. 

22. The method of claim 21, Wherein determining if an 
instruction has an intra-cycle dependency comprises identi 
fying a ?rst instruction and a second instruction to be 
executed in one cycle, Where the second instruction is to 
read a register previously Written by the ?rst instruction. 


