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mGH FREQUENCY PIPELINE DECOUPLING QUEUE DESIGN 

FIELD OF THE INVENTION 

This invention relates to a processor generally, and specifically to 

performance enhancement of the processor's pipelines. 

BACKGROUND OF THE INVENTION 

Processor designers have always attempted to reduce the amount of time a 

processor takes to execute a program. One technique for increasing a processor's 

performance is by overlapping the steps involved in executing multiple 

instructions. This· technique is known as pipelining. Each step in the pipeline, or 

a pipe stage, completes a part of an instruction. The pipe stages are connected 

one to the next to form a pipe, where instructions enter at one end, are processed 

through the stages, and exit at the other end. Because pipelining exploits 

parallelism among the instructions in a sequential instruction stream, it yields a 

reduction in the average execution time per instruction. 

Since instruction execution proceeds at different rates in various pipe 

stages, in order to ensure the optimal performance of a pipeline, one method 

involves inserting queues in the pipeline to decouple these pipe stages. For 

example, when a queue is inserted between a fetch stage and a decode stage of a 

pipeline, a processor can retrieve the instructions during the fetch stage and store 

them in the inserted queue. Instead of waiting for the output of the fetch stage, 
' the processor can obtain instructions directly from the queue and proceed with its 

decode stage. As a result, the execution of the fetch stage and the decode stage 

have been decoupled. In other words, the two stages can carry our their own tasks 

independently. 
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Although the described decoupling queue mechanism enhances th 

performance of a pipeline, its limitations still may hamper continued desi 

efforts in speeding up processors. As a processor further splits up its pipe stages 

and increases its clock speed, the duration of the decoupling queue's setu 

and its delay to perform either a read or a write operation can become 

prohibitively lengthy in view of a diminishing clock cycle. When such o 

equals to the processor clock cycle, no further pipelining is useful in enh 

processor's performance. 

As has been demonstrated, an improved method and apparatus is 

to meet the aggressive timing goals and to design a processor at a target 

without impacting its performance. 

SUMMARY OF THE INVENTION 

A method and apparatus for expediting the processing of a plurali of 

instructions in a processor. In.one embodiment, the processor has a pl ity of 

pipeline units to process a plurality of instructions. Each of the pipeline 

a plurality of pipe stages.· Further, a self-timed queue is provided to deco ple at 

least one of the mentioned pipe stages from another, wherein the self-tim queue 

supports both read and write operations within a single clock cycle of the 

processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and is not · mited 

by the figures of the accompanying drawings, in which like references in ·cate · 

similar elements, and in which: 

Figure 1 illustrates a conventional pipeline for processing instruc ions. 
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Figure 2 illustrates the sequence for processing instructions according to 

the pipeline in Figure 1. 

Figure 3 illustrates a block diagram of one specific application of the 

present invention. 

Figure 4 illustrates a block diagram of one embodiment of the present 

invention. 

Figure S illustrates a general purpose computer system architecture. 

Figure 6 illustrates a flow chart for one embodiment of the present 

invention's control logic unit. 

Figure 7 illustrates a flow chart for the write pointer and read pointer 

manipulation of the present invention's control logic unit~ 

Figure Sa illustrates an example where the write pointer and the read 

pointer point to the same entry in the present invention's data storage unit. 

Figure Sb illustrates an example where the read pointer has wrapped 

around and WR mode is activated in the present invention's data storage unit. 

Figure Sc illustrates an example where the write pointer has wrapped 

around and RW mode is activated in the present invention's data storage unit. 

Figure 9 illustrates a timing diagram for generating a write signal and a 

read signal within a processor clock cycle. 
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DETAILED DESCRIPTION 

A method-and apparatus for expediting the processing of a pluralit of 

instructions in a processor is described. In the following description, num rous 

specific details are set forth such as control logic unit, data storage unit an 

timing generation unit, etc. in order to provide a thorough understanding f the 

present invention. However, it will be apparent to one of ordinary skill in the art 

that the invention may be practiced without these particular details. In o er 

instances, well known elements and theories such as processor design, re stry .· 

file, pipeline, setup time, etc. have not been discussed in special details in order to .. · 

avoid unnecessarily obscuring the present invention. 

Figure 1 illustrates a conventional pipeline for processing instructi ns. 

The processing of such instructions consists of four stages: instruction fe h 100 

(referred to as F), instruction decode 102 (referred to as D), operand addr ss 

computation 104 (referred to as A), and execution/operand fetc:h/operand tore 

106 (referred to X). Each of these steps become a pipe stage and results i the 

execution pattern shown in Figure 2. While each instruction still takes fo clock 

cycles, during each clock cycle the hardware is executing some part of fo r 

different instructions. Although pipelining does not reduce the execution ·me of 

an individual instruction, it increases the number of instructions complete per 

unit of time. 

Having briefly discussed the conventional pipeline principles, Fi 

illustrates a block diagram of one specific application of the present inve tion. It 
; 

. should be apparent to one ordinarily skilled in· the art to apply .the block agram 

to other pipe stages in a processor. In addition, Figure 4 illustrates a bloc 

diagram of one embodiment of the present invention. The block diagram can be 

implemented in various types of processors within different general purp se 

computer systems. One such computer system is illustrated in Figure 5. 
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This computer system architecture comprises a processor 500 with a 

pipeline unit 502 containing the present invention for processing audio, video and 

data information, coupled·with bus element 504 for communicating information, 

a random access memory 506 coupled with said bus element 504 for storing static 

information and instructions for said processor 500, a data storage device 512 

such as a magnetic disk and disk drive coupled with said bus element 504 for 

storing an operating system 516, information and instructions, a readable medium 

514 such as a floppy disk or a CD coupled with said bus element 504 for 

retrieving information and instructions for said processor 500, a display device 

508 coupled to said bus element 504 for displaying information to the computer 

user and an alphanumeric or other conventional input device 510 coupled to said 

bus element 504 for communicating information and command selections to said 

processor 500. 

Operation of the Present Invention 

The invention at hand is a method and apparatus for expediting the 

processing of a plurality of instructions in a processor. Specifically, the present 

invention not only decouples one pipe stage in a processor's pipeline unit from 

another, it also supports both read and write operation from the same data storage 
location within the processor's single clock cycle. Further, the present invention 

generates its own non-overlapping read and write signal to trigger the appropriate 

read and write operations. These read and write signals remain active for a 

minimum duration to complete the desired operations and to meet a subsequent 
; 

logic stage's setup time requirement. The invention also includes logic to 

determine the most efficient. sequence to execute the read and write operations. 

One application of the invention is a general purpose computer system 

operating on particular components as illustrated in Figure 3. Specifically, 

selected pipe stages in pipeline unit 502 in conjunction with the present invention 
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are used to demonstrate the functionality of decoupling queue 306. After 

operating system 516 on data storage device 512 loads instructions from e· 

data storage device 512 or readable medium 514, it also sets up the necess 

environment for the· instructions' execution. The instructions for processo 500 

are typically stored in random access memory 506. 

Block 300 retrieves variable-length instructions from memory. T n 

block 302 rotates· and aligns this retrieved information by the number ofb 

derived from block 304's pre-decoding; Bfocks 300, 302 and 304 can tog ther be 

considered as pipe stage F 100 as shown in Figure 1. Since deeoupling q 

stores outputs from block304, instruction decode unit 308, or pipe stage 

Figure l, does not need to stall for the completion of pipe stage F 100. In tead, 

instruction decode unit 308 can proceed by processing stored instructions 

decoupling queue 306. In other words, operations of pipe stage F 100 an pipe 

stage D 102 have been decoupled by use of decoupling queue 306. 

It should be emphasized that although specific pipe stages are use 

describe the present invention, the invention may be incorporated in other pipe 

stages without exceeding its· scope. For example, decoupling queue 306 ay be 

inserted between pipe stage D 102 and pipe stage A 104. Moreover, it sh uld be 

obvious to one of ordinary skill in the art to apply the present invention t many 

more pipe stages than the four illustrated in Figure 1; or to multiple piper es 

within a processor or to multiple processoci within an illustrative comput r 

system in Figure 5 without departing from the scope of the present inven on. 

The mechanism of decoupling queue ·306 in· Figure 3 is further el orated 

· in Figure 4. Specifically, decoupling queue 306 includes control logic un t 400, 

timing generation unit 402 and data storage unit 404. In one embodimen of the 

present invention, data storage unit 404 is a register file. 

Figure 4 and Figure 6 illustrate one embodiment of control logic 

According to its external input 406 and its internal pointer calculations, c ntrol 

logic unit 400 generates a control signal 410 to indicate the desired read 
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mode for decoupling queue 306. · Specifically, control logic unit 400 begins by 

setting timing generation unit 402 to write-operation-first-read-operation-later 

(referred to as WR) mode in step 600. As control logic unit 400 calculates the 

location in data storage unit 404 to write incoming data 412 into and to read 

outgoing data 414 from, control logic unit 400 maintains an independent write 

pointer and a read pointer to track the calculated locations. 

Based on the values of these two pointers or the value of its external input 

406~ control logic unit 400 determines whether data storage unit 404 has capacity 

to continue receiving incoming data 412 in step 602. When the write pointer and 

the read pointer indicate a full data storage unit 404, or when external input 406 

indicates a stall in the previous pipe stage, control logic unit 400 issues a control 

signal 410 to timing generation unit 402 for switching to read-operation-first­

write-operation-later (referred to as RW) mode in step 604. Otherwise, WR mode 

continues. 

In a similar fashion, based on the write pointer and read pointer values, 

control logic unit 400 verifies whether the read operations on outgoing data 414 

have depleted data storage unit 404 in step 606. Depending on the outcome of 

step 606 and the present state of control logic unit 400, either RW mode changes 

back to WR mode, or the state, RW mode or WR mode, remains unaltered. 

In conjunction with examples shown in Figures Sa, 8b and 8c and the 

block diagram shown in Figure 4, Figure 7 further illustrates the discussed read 

pointer and write pointer operations. In step 700, using data storage unit 404 with 

five entries as shown in Figure Sa, the read pointer 800 (refe.rred to as RP 800) 

and the write pointer 802 (referred to as WP 802) initially point to the same first 

entry, and control logic unit 400 begins with WR mode. As incoming data 412 

enters data storage unit 404, WP 802 is incremented in step 702. Similarly, as 

outgoing data 414 leaves data storage unit 404, RP 800 is also incremented in step 

702. When either pointer reaches the end of data storage 404, or entry 5, the 

pointer is wrapped around or begins from entry 1 again. 
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Figore 8b demonstrates one possible scenario where RP 800 has w pped 

around and data storage unit 404 is empty. · More specifically, when WP 8 2 has 

advanced from entry I to 5 and has wrapped around to entry 2, and when 800 -

has also advanced in the similar manner, all incoming data 412 already w 

into data storage unit 404 have been read 'Out through outgoing data 414. 

RP 800 and WP 802 point to the same entry 2 in step 704, and RP 800 is erified 

to have wrapped.around in step 706, WR mode continues in step710. In ther 

words, write operations must take place before any further read operation 

occur. As the write operation executes, WP 802 advances to entry 3 whil RP 

800 remains at entry 2. 

On the other hand~ Figure Sc offers an alternative scenario where 

storage unit 404 is full. Analogous to the previOus discussiOns, when RP 00 and 

WP 802 point to the same entry fa step 704, and WP 802 is verified to ha e 

. wrapped around in step 708, WR mode is changed to RW mode in step 712. 

More particularly, read operations must occur prior to any subsequent wri e 

operations, because data storage unit404 cannot accept any additional inc ming 

data 412. As the read operation executes, RP 800is incremented to entry while 

WP 802 remains at entry 2~ 

Although details in one embodiment of the present invention are u ed to 

describe a particular mode switching mechanism and a control logic unit oo· s 

operations, it will be apparent to one of ordinary skill in the art to use oth r 

methods to achieve the same goals without departing from the scope of th 

invention. For example, the mode switching intelligence can be part of d a 

storage unit404. Further, It should be contemplated that the.logic steps 

illustrated in Figures 6 and 7 can be arranged in different orders and yet s 11 yield 

.the same results. For instance, step 606.and step 602 in Figure 6 or step 7 6 and 

step 708 in Figure 7 may interchange with some minor modifications wi 

affecting the outcome. 
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After having described the interactions among various components in 

decoupling queue 306, Figure 4 in conjunction with Figure 9 illustrate the 

operations of timing generation unit 402. According to control signal 410 from 

control logic unit 400, timing generation unit 402 generates a corresponding 

signal to data storage unit 404 to initiate data storage unit 404's write and read 

operations. Specifically, when control signal 410 indicates WR mode, processor 

clock 416's rising edge triggers a write signal 418. Conversely, if control signal 

410 indicates RW mode, processor clock 416's rising edge triggers a read signal 

420. 

Within duration 900 of a single processor clock cycle, when control signal 

410 indicates a WR mode, a non-overlapping write signal 418 becomes active for 

a duration of 902 as shown in Figure 9. During this time, the write operation, 

triggered by write signal 418, completes writing incoming data 412 into data 

. storage unit 404. After the completion of its write operation, data storage unit 

404 issues a complete signal 422 to timing generation unit 402. At this point, 

write signal 418's clock edge falls and triggers a subsequent non-overlapping read 

signal 420. After some delay of 912 in duration, read signal 420 is transmitted to 

data storage unit 404 to trigger its corresponding read operation. Similar to write 

signal 418, read signal 420 remains active until the read operation is completed. 

Additionally, it also remains active for a duration of 906 in duration to satisfy any 

minimum setup time requirement of a subsequent logic stage. As a result, the 

subsequent logic stage can immediately make use of the remaining time, duration 

908, to execute any needed operations. 

Similar principles apply when control signal 410 indicates a RW mode, 

instead of having a non-overlapping write signal 418 remain active for a duration 

of 902, a non-overlapping read signal 420 stays active during that time. Non­

overlapping write signal 418 is triggered by read signal 420's falling clock edge, 

and it remains active for a duration of 904. 
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As has been demonstrated, the present invention supports both a re 

operation and a write operation within one processor clock cycle. Moreo¥ r, 

since the operations are non-overlapping, the read operation can read from one 

. entry in data storage unit 404, and the write.operation can write into the s 

· entry. Using Figure Sa as an illustration, the read operation can read data m 

entry 1 first, and the write operation then write into entry I in the same p 

clock cycle. 

Thus, a method and apparatus for expediting the processing of a pl 

of instructions in a processor has been disclosed. Although the present in ention . 

has been described particularly with reference to the figures, it will be app ent to 

one of the ordinary skill in the art that the present invention may appear in any 

number of systems with processors which provide pipelining functionality It is 

further contemplated that many changes and modifications may be made b one 

of ordinary skill in the art without departing from the spirit and scope oft 

present invention. 
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CLAIMS 

What is claimed is: 

1. A method for expediting the processing of a plurality of instructions in a 

processor, the method comprising the steps of: 

a. providing a plurality of pipeline units to process a plurality of 

instructions, wherein each of said plurality of pipeline units has a 

plurality of pipe stages; and 

b. providing a self-timed queue to decouple at least one of said pipe 

stages from another, wherein said self-timed queue supports both read 

and write operations within a single clock cycle of said processor. 

2. The method according to claim 1, wherein said self-timed queue in step (b) 

further comprises: 

a control logic unit; 

a timing generation unit; and 

a data storage unit. 

3. The method according to claim 2, wherein said timing generation unit 

generates a non-overlapping write signal for triggering said write 

operation within said single clock cycle; 

generates a non-overlapping read signal for triggering said read operation 

within said same single clock cycle; and 

ensures said write and read signals remain active for a minimum duration 

to complete said corresponding write and read operations and satisfy a 

subsequent logic stage's setup time requirement. 
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4. The method according to claim 1, wherein a ·sequence of perfonning s · d 

write and read operations is interchangeable. 

5. The method according to claim 1, wherein said write and read operatio s can 

be performed on a same entry of said data storage unit. 

6. The method according to claim 4, wherein said control logic unit 

determines said sequence of said write and read· operations; and 

instructs said timing generation unit to generate said write and read signals 

according to said sequence. 

7. The method according to claim 3, wherein said timing generation unit 

generates a first signal,· either said write signal or said read signal and 

second signal, either said write signal or said read signal wherein· 

said first signal is triggered by a rising edge of a clock signal of sai 

processor; and 

said second signal is triggered by a falling edge of said first signal. 

8. The method according to claim 2, wherein 

said single clock cycle of said processor is small; and 

said data storage unit has a small number of data entries, but each o said 

data entries can store large data values. 

9. The method according to claim 2, wherein 

said data storage unit is a registry file. 

10. A processor comprising: 
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a plurality of pipeline units for processing a plurality of instructions, 

wherein each of said plurality of pipeline units has a plurality of pipe 

stages; and 

a self-timed queue for decoupling at least one of said pipe stages from 

another, wherein said self-timed queue supports both read and write 

operations within a single clock cycle of said processor. 

11. The processor according to claim 1 O; wherein said self-timed queue further 

comprises: 

a control logic unit; 

a timing generation unit; and 

a data storage unit. 

12. The processor according to claim 11, wherein said timing generation unit 

generates a non-overlapping write signal for triggering said write 

operation within said single clock cycle; 

generates a non-overlapping read signal for triggering said read operation 

within said same single clock cycle; and 

ensures said write and read signals remain active for a minimum duration 

to complete said corresponding write and read operations and satisfy a 

subsequent logic stage's setup time requirement. 

13. The processor according to claim 10, wherein a sequence of performing said 

write and read operations is interchangeable. 

14. The method according to claim 10, wherein said write and read operations can 

be performed on a same entry of said data storage unit. 

15. The processor according to claim 13, wherein said control logic unit 
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determines said sequence of said write and read operations; and 

instructs said timing generation unit to generate said write and re signals 
according to said sequence. 

16. The processor according to claim 12, wherein said timing generation u it 
generates a first signal, either said write signal or said read signal and 

second signal, either said write signal or said read signal wherein 

said first signal is triggered by a rising edge of a clock signal of sai 
processor; and 

said second signal is triggered by a falling edge of said first signal. 

17. The processor according to claim 11, wherein 

said single clock cycle of said processor is small; and 

said data storage unit has a small number of data entries, but each o said 
data entries can store large data values. 

18. The processor accordingto claim 11, wherein 

said data storage unit is a register file. 

19. A computer system comprising: 

a processor including, 

a plurality of pipeline units for processing a plurality of 

instructions, wherein each of said plurality of pipeline units 

plurality of pipe stages; and 

a self-timed queue for decoupling at least one of said pipe s ges 

from another, wherein said self-timed queue supports both re d 

and write operations within a single clock cycle of said proc sor; 

and 
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a bus element, coupled to a storage device and said processor, wherein 

said storage device contains an operating system. 

20. The computer system according to claim 19, wherein said processor includes 

said self-timed queue which further comprises: 

a control logic unit; 

a timing generation unit; and 

a data storage unit. 

21. The computer system according to claim 20, wherein said self-timed queue 

includes said timing generation unit which 

generates a non-overlapping write signal for triggering said write 

operation within said single clock cycle; 

generates a non-overlapping read signal for triggering said read operation 

within said same single clock cycle; and 

ensures said write and read signals remain active for a minimum duration 

to complete said corresponding write and read operations and satisfy a 

subsequent logic stage's setup time requirement. 

22. The computer system according to claim 21, wherein said self-timed queue 

can perform a sequence of said write and read operations interchangeably. 

23. The method according to claim 19, wherein said write and read operations can 

perform on a same entry of said data storage unit. 

24. The computer system according to claim 22, wherein said self-timed queue 

includes said control logic unit which · 

determines said sequence of said write and read operations; and 
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instructs said timing generation unit to generate said write and rea signals 

according to said sequence. 

25. The computer system according to claim 24, wherein said self-timed q eue 

includes said timing generation unit which 

generates a first signal, either said write signal or said read signal a d a 

second signal, either said write signal or said read signal wherein 

said first signal is triggered by a rising edge of a clock signal of sai 

processor; and 

said second signal is triggered by a falling edge of said first signal. 

26. The computer system according to claim 20, wherein 

said single clock cycle of said processor is small; and 

said self-timed queue includes said data storage unit which has as all 

number of data entries, but each of said data entries can store larg 

values. 

27. The computer system according to claim 20, wherein 

said self-timed queue includes said data storage unit which is a re · ster 

file. 
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