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METHOD AND APPARATUS FOR DETECTING CLOCK GATING

OPPORTUNITIES IN A PIPELINED ELECTRONIC CIRCUIT DESIGN

TECHNICAL FIELD OF THE INVENTION

The disclosures herein relate to electronic circuits, and more particularly, to the efficient

design of pipeline electronic circuits by detection of power reduction opportunities.

BACKGROUND OF THE INVENTION

An information handling system (IHS) may include multiple processors for processing,

handling, communicating or otherwise manipulating information. Each processor may itself

include multiple processor cores that work together to process information. A processor or

processor core may include several pipeline stages to increase the effective throughput of the

processor. Pipelining enables the processor or processor core to obtain greater efficiency by

performing operations in parallel. The transition to multi-core processor designs tends to

increase power dissipation issues in processors.

Total power consumption is now one of the major concerns in processor design such as

multi-core processor design. Excessive processor power consumption can cause the

processor to function improperly. Moreover, excessive power consumption without

adequate heat dissipation can cause a processor to become unstable or permanently

damaged. External cooling devices such as fans, coolers and radiators are effective up to a

point in addressing the problem of high power dissipation and the resultant heat generation

by high performance processors. Unfortunately, these devices are typically expensive and

noisy. Moreover, these cooling devices are often bulky and require special design and

packaging methods that are not desirable especially in portable or battery powered systems.

Power dissipation or consumption in processors includes two main aspects, namely leakage

power dissipation and active power dissipation.

Leakage power dissipation increases as semiconductor manufacturing processes shrink



processor elements smaller and smaller. In contrast, active power dissipation relates mainly

to the activity of the processor at a particular workload. For example, the activity of

sequential elements such as latches is one cause of active power dissipation in processors.

Data switching by combinational logic in the processor is another cause of active power

dissipation. Latches in the pipeline stages of a processor cause a significant amount of

power consumption. Latch-based elements include flip-flops, data storage logic, registers,

switching components, and other components in the processor. Better control of latch-based

element operations represents a significant opportunity for power reduction in a processor.

Latch clocking is a major component of the active portion of power consumption and

dissipation in processors. Clocking a latch, whether the latch changes state or not, causes the

latch to consume power. Reducing latch clock activity to reduce power consumption is

desirable, but presents a major design challenge in complex processors. "Clock gating"

achieves a significant reduction in latch clock power consumption. Clock gating is a

technique that turns off or interrupts the clock signal to the clock input of a particular latch

or set of latches under certain conditions without harm to latch functionality. A "clock-

gated" latch is a term that describes a latch in a state wherein clock gating circuitry turns off

or interrupts the latch's clock signal. Otherwise, the latch operates normally. A "clock-

gated" latch will not actuate, toggle, or otherwise change state during the normal clock cycle

input. This blocking of the clock signal input and the ensuing static state of the latch

provides power savings for the processor. Determining when to clock gate a latch and when

not to clock gate a latch presents a significant design challenge to the processor designer.

Basically, it is acceptable to clock gate a latch during a particular clock cycle, when the state

of the latch will not change during that particular clock cycle, or when the state change of

the latch has no impact on subsequent downstream logic. However, making this

determination of when to clock gate and when not to clock gate is the challenge. One

approach to designing clock gating logic is to conduct a manual study to determine those

times when the data in the latch is the same data present on the latch's input (i.e. Din =

Qout). Simulation is also useful to determine clock gating opportunities. However, these

approaches may be too pessimistic in assessing clock gating opportunities. Even after a

designer carefully uses these design practices to generate clock gating logic for the



processor, there are likely still complex scenarios that the designer may not fully investigate

that could yield further clock gating opportunities.

What is needed is a method and apparatus that more completely identifies clock gating

opportunities in a complex processor.

DISCLOSURE OF THE INVENTION

Accordingly, in one embodiment, a method is disclosed for clock-gating a pipeline

electronic device to achieve power conservation. The method includes providing the

pipeline electronic device with a plurality of pipeline stages including first and second

pipeline stages that each include logic elements that may be clock-gated. Each pipeline

stage supplies information to a downstream pipeline stage. The method also includes

simulating operation of the pipeline electronic device by a simulator to determine simulation

results that specify selected logic elements that may be clock-gated under predetermined

conditions. The method also includes clock-gating the selected logic elements of the

pipeline electronic device based on the simulation results to achieve power conservation.

In another embodiment, an information handling system (IHS) is disclosed that includes a

memory and a pipeline electronic processor device. The pipeline electronic processor device

couples to the memory. The pipeline electronic processor device including a plurality of

pipeline stages including first and second pipeline stages that each include logic elements

that may be clock-gated. Each pipeline stage supplies information to a downstream pipeline

stage. Selected logic elements are clock-gated based on a simulation of the pipeline

electronic processor device that specifies the selected logic elements that may be clock-gated

under predetermined conditions to achieve power conservation.

Preferably, there is also provided a method of designing a pipeline electronic device

comprising: designing an first pipeline electronic device including a plurality of pipeline

stages including first and second pipeline stages that each include logic elements that may be

clock-gated, each pipeline stage supplying information to a downstream pipeline stage;

simulating operation of the first pipeline electronic device to determine simulation results



that specify selected logic elements that may be clock-gated under predetermined conditions;

and modifying the first pipeline electronic device to form a second pipeline electronic device

that clock-gates the selected logic elements based on the simulation results to achieve power

conservation.

5

BRIEF DESCRIPTION OF THE DRAWINGS

The appended drawings illustrate only exemplary embodiments of the invention and

therefore do not limit its scope because the inventive concepts lend themselves to other

o equally effective embodiments.

Fig. 1 shows a block diagram of an electronic circuit that demonstrates the opportunity for

clock gating.

5 Fig. 2 shows a diagram of the clock gating technology for use in electronic circuits.

Fig. 3 shows a block diagram of a pipeline electronic circuit demonstrating the effective use

of the clock gating methodology.

o Fig. 4 is a flow chart that depicts the disclosed clock gating methodology.

Fig. 5 is a flow chart that depicts the disclosed clock gating design improvement

methodology.

5 Fig. 6 is a block diagram of an information handling system employing the disclosed clock

gating methodology.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

0 In processors, clock gating provides an opportunity to reduce active power consumption.

The basic methodology for designing or generating clock gating logic is to block the clock

signals for a particular clock cycle to respective latches that do not require the clock signal



for that particular clock cycle. If the state of a latch will not change for a particular clock

cycle, then it is not necessary to send the clock signal to that latch for that particular clock

cycle. By "clock gating" or blocking the clock signal to a latch, the latch does not transition

through a clock latch or toggle state. As a consequence, the latch does not consume power

that the latch would otherwise consume if clock gating were not present. Each "clock-gated"

latch contributes to the overall power saving the processor achieves for a particular clock

cycle via clock gating.

Although previous approaches that utilize statistical analysis for finding clock gating

opportunities may reduce total power consumption in processors, these methods may fail to

impose the constraints and take advantage of opportunities for clock-gating that pipeline

systems and pipeline electronic circuits provide.

One approach to identifying clock gating opportunities is disclosed in the copending U.S.

Patent Application entitled "Method And Apparatus In Locating Clock Gating Opportunities

Within A Very Large Scale Integration Chip Design", inventors Chaudhry, et al., (Docket

No. AUS920050826US1, Serial No. 11/380126 filed 04/25/2006 and assigned to the same

Assignee.

One basic way to understand clock gating opportunities is to consider the scenario wherein

the output of a latch or group of latches does not change during a clock transition or clock

cycle. Typically this is a result of the data input to the latch remaining in a static state and

the output of the latch likewise remaining in a constant state during the clock transition.

Another clock gating opportunity is the scenario wherein the output data of a latch is equal

to the current input data of the latch during a particular clock cycle. In this straightforward

scenario, discrete clock gating logic may block, remove, or otherwise cancel the clock signal

to the latch with no resultant change in the latch's output state. Such a "clock-gated" latch

will not attempt to alter its state. For this reason, the power consumption of that latch is less

than it would otherwise be.

As seen in Fig. 1, a conventional logic circuit 100 includes a clock gating opportunity circuit

110, namely a latch 120 in this particular example. In logic circuit 100, latches 120 and 140



connect through discrete combinational logic 130, for example AND gate 135, to another

latch 150 that provides a data output signal. In one embodiment, logic circuit 100 may

represent a portion of a much larger and more complex logic circuit (not shown). For

example, logic circuit 100 may be part of a processor or other digital logic circuit.

Latch 120 represents a typical latch circuit with data and clock inputs and a latching data

output signal. More specifically, an input data signal DATAl from another circuit logic (not

shown) provides data input to latch 120. Under certain signal conditions, latch 120 is a

candidate for clock gating. In other words, an opportunity may exist for clock gating latch

120 under some conditions. For this reason, the term "clock gating opportunity" circuit 110

applies to latch circuit 120, as shown in Fig. 1.

The output of latch 120, shown as signal DATA3, couples to the input of combinational

logic 130, namely to one of two inputs of AND gate 135. A clock signal CLKl provides

clocking to latch 120 and latch 140. Clock circuitry (not shown) may generate individual

clock signals, such as CLKl, from a master clock signal within the processor or other

electronic circuit that employs logic circuit 100. Latch 140 receives a DATA2 signal as data

from other functional logic (not shown). The output of latch 140, shown at signal DATA4,

couples to another input of combinational logic 130, namely to the second of two inputs of

AND gate 135. Combinational logic 130 represents any amount of discrete gate and

transistor logic that Boolean functions may express for purposes of circuit analysis. The

output of combinational logic 130, and more specifically the output of AND gate 135,

couples to the data input of a latch 150 as shown at signal DATA5. Latch 150 receives a

clock input signal CLK2. Latch 150 generates output signal DATA6 that provides an input

signal to other downstream functional logic (not shown).

Logic circuit 100 presents an opportunity for clock gating under certain conditions. The

example below shows one such condition. If the DATA4 signal at the output of latch 140

exhibits a logic zero "0", then the corresponding input of AND gate 135 exhibits a logic zero

"0". In this scenario, by Boolean algebra, the output of AND gate 135 is also a logic zero

"0" (i.e. the DATA5 signal exhibits a logic zero "0"). In this example the output signal

DAT A3 of latch 120, regardless of its logic state (namely 1 or 0), has no impact on the



output signal DATA5 of AND gate 135. Analysis of the output state of latch 120 may

consider the state of latch 120 as a "do not care" (DNC) condition. For the next sequential

logic function, namely latch 150 in this particular example, the state of latch 120 is not

relevant. Moreover, for the conditions of the example above, which also describes a typical

clock cycle, latch 120 represents an ideal opportunity for clock gating during that particular

clock cycle. Under these conditions wherein latch 120 offers an opportunity for clock

gating, an appropriate alternative name for latch 120 is clock gating opportunity circuit 110.

Fig. 2 is a block diagram of a representative conventional clock gating circuit 200 that

couples to clock gating opportunity circuit 110 in logic circuit 100. For convenience, Fig. 2

does not repeat the entire logic circuit 100, but rather just shows the clock gating opportunity

circuit 110 and latch 120 thereof. By analysis of clock gating opportunities, circuit designers

may incorporate clock gating logic such as clock gating logic circuit 210 into an electronic

circuit such as a processor. "Clock gating" is a method utilizing a circuit, typically an AND

or NAND gate or other logic circuit, that blocks the propagation of a clock signal to a logic

component such as a latch or group of latches. Circuit designers use the clock gating logic

210 to block the propagation of clock signals to a specific latch under predetermined

conditions wherein the clock will have no effect on the functionality of the clock gating

opportunity circuit 110. In the presence of these predetermined conditions, the clock signal

effectively does not reach the latch or latches because of the action of the clock gating

circuit.

The output of clock gating logic 210, shown as signal CGl, couples to one of two inputs of

AND gate 220. The remaining input of AND gate 220 receives the clock signal CLKl input

from other functional logic of an electronic circuit (not shown). By using signal CGl as

input to AND gate 220, the clock gating logic 210 provides a hardware component that may

effectively block the CLKl signal under certain conditions for which clock gating is

appropriate. When the output signal CGl of clock gating logic 210 exhibits a logic zero "0",

AND gate 220 generates an output signal of logic zero "0" regardless of the input state from

signal CLKl . The output of AND gate 220 couples to the clock input of latch 120 within

clock gating opportunity circuit 110. When the clock gating logic 210 outputs a CGl signal

exhibiting a logic zero "0" state, the input data signal to latch 120, namely DATAl, has no



effect on latch 120, and thus constitutes a "do not care" DNC input. More particularly, latch

120 will not clock the input data shown as data signal DATAl. In this condition, latch 120

causes no change to the latch output signal DATA3 that flows to a next sequential logic

circuit (not shown). Moreover, latch 120 will not generate a transition state and thus will not

consume transition latch state power. However, if the output signal CGl of clock gating

logic 210 exhibits a logic one "1", then AND gate 220 will pass the state of clock signal

CLKl through to the clock input of latch 120. In this scenario, clock gating logic 210 does

not "clock gate" or interfere with latch 120.

The approach in the example of Fig. 2 does not consider clock gating in a complex processor

architecture including multiple pipelined stages as described below. Clock gating

opportunities exist in a complex pipeline architecture. Simulation of electronic circuits and

analysis of signal nodes within an electronic circuit represent one method for identifying

clock gating opportunities. Signal nodes are discrete traces or connections in a simulation

model of the circuit that represent connection points between functions expressible as

Boolean logic. A simulation of an electronic circuit can be seen as a collection of

interconnecting nodes and Boolean logic functional blocks. One embodiment of the

exemplary method disclosed below includes generating real work load simulations of data in

the simulation model and further operating the simulation model identically in signal state as

the real circuit. In one embodiment, the simulation model and programs operate the

simulation in a real work load state and monitor signal nodes for clock gating opportunities.

Fig. 3 shows a pipeline design that demonstrates the disclosed methodology of detecting

clock gating opportunities in a pipeline electronic circuit 300 such as a processor. Pipeline

electronic circuit 300 represents a portion of a larger pipeline circuit (not shown). Pipeline

electronic circuit 300 includes multiple stages, namely representative pipeline stages STAGE

0, STAGE 1, STAGE 2 and STAGE 3 of which STAGE 1 and STAGE 2 are shown in more

detail. The output data of STAGE 0 provide the input data for STAGE 1. The output data of

STAGE 1 provide the input data for STAGE 2, and so forth to further downstream stages of

the pipeline electronic circuit 300. In this particular embodiment, STAGE 1 is upstream

from STAGE 2, meaning that data flows downstream from STAGE 1 to STAGE 2 .



The pipeline electronic circuit 300 of Fig. 3 includes a master clock circuit 302 that provides

a master clock signal (CLK) to the circuits of the pipeline stages, such as STAGE 1 and

STAGE 2, for example. Clock circuit 302 couples to a clock gating circuit 305(Al), a clock

gating circuit 305(Bl), and so forth... up to a clock gating circuit 305(Ml) of STAGE 1 to

provide the CLK signal thereto. The second alphanumeric expression of each clock gating

circuit, for example 305(Al), namely "1" represents the pipeline stage number in which that

circuit resides. Clock circuit 302 also couples to a clock gating circuit 305(A2), a clock

gating circuit 305(B2), and a clock gating circuit 305(N2) of STAGE 2 to provide the CLK

signal thereto. Clock gating circuit 305(Al) couples to the clock input of a latch Al (310) of

STAGE 1 of pipeline electronic circuit 300. In Fig. 3, the second alphanumeric

representation for each latch depicts the stage number location of the latch. For example the

latch A l representation depicts a second alphanumerical value of "1" representing stage 1 of

the pipeline electronic circuit of Fig. 3. Clock gating circuit 305(Bl) couples to the clock

input of a latch Bl (320) of STAGE 1. Clock gating circuit 305(Ml) couples to clock input

of a latch Ml (330) of STAGE 1. The clock gating circuit 305(A2) couples to the clock

input of a latch A2 (350) of STAGE 2 of pipeline electronic circuit 300. Clock gating circuit

305(B2) couples to clock input of a latch B2 (360) of STAGE 2 . The clock gating circuit

305(N2) couples to the clock input of a latch N2 (370) of STAGE 2 . Pipeline electronic

circuit 300 exhibits a sequential architecture. In other words, data flows from pipeline stage

to pipeline stage through latches and logic elements in lock step with the master clock signal,

CLK. Data moves from one stage to the next as the clock signal CLK advances from a

representative clock cycle N to the next clock cycle N+l .

The following discussion describes the flow of data through pipeline electronic circuit 300

with respect to clock cycles. For example, if data input from STAGE 0 to latch Al (3 10) of

STAGE 1 clocks through latch Al (310) in a clock cycle N, then latch Al of STAGE 1

stores the value of that data during that clock cycle N. However, in the next clock cycle

N+l, latch A2 (350) of STAGE 2 stores the result of logic circuit 340's operation on the

latch A l data. Thus, in the clock cycle N+l, data flows from latch Al of STAGE 1 to latch

A2 of STAGE. Latch A2 then stores that data. In this manner, data moves from an

upstream stage such as STAGE 1 to a downstream stage such as STAGE 2 from one clock

cycle to the next clock cycle in pipeline fashion. Arrows pointing downward in Fig. 3



indicate this upstream to downstream data flow through the pipeline stages of electronic

circuit 300.

In more detail, data from pipeline STAGE 0 flow downstream to the input of latch Al of

STAGE 1 and data from pipeline STAGE 0 also flow downstream to the input of a latch B1.

Each stage of pipeline electronic circuit 300 includes pipeline logic with multiple latches.

For example, STAGE 1 includes latch Al (310), latch Bl (320), ... latch Ml (330). Latch

Ml (330) represents any multiple number of latches "M" in STAGEl of pipeline electronic

circuit 300. The output of latch Al (310) couples to the inputs of both a logic circuit 340

and a logic circuit 345 as shown. Both logic circuit 340 and logic circuit 345 represent any

amount of combinational logic that is expressible as a Boolean function for purposes of

operation and simulation. The output of latch Bl (320) of STAGE 1 of the pipeline

electronic circuit 300 couples to the input of logic circuit 345. In actual practice, STAGE 1

of the pipeline may contain more logic elements than shown.

The output of logic circuit 340 of STAGE 1 couples to the input of a latch A2 (350) in

STAGE 2 of the pipeline circuit. The output of logic circuit 345 of STAGE 1 couples to the

input of a latch B2 (360) in STAGE 2. In actual practice, STAGE 2 may include many more

latches than shown. For example, STAGE 2 includes latch A2 (350), latch B2 (360), ... latch

N2 (370). Latch N2 (370) represents any multiple number of latches "N" in STAGE 2 of

pipeline electronic circuit 300. The output of latch A2 couples to the input of a logic circuit

372. The output of latch B2 couples to the input of a logic circuit 374. The outputs of logic

circuits 372 and 374, couple to the input latches (not shown) of the next downstream stage in

the pipeline electronic circuit, namely STAGE 3. In actual practice, pipeline electronic

circuit 300 may include many more stages than shown in the representative circuit of Fig. 3.

Fig. 3 shows pipeline electronic circuit 300 to demonstrate a number of conditions in which

clock gating is possible for pipelined stages in accordance with the disclosed methodology.

Table 1 below shows 5 representative cases where clock gating opportunities exist in a

pipelined environment such as shown in Fig. 3 :



TABLE 1

In the first case or scenario of Table 1, if clock gating circuit 305(Al) clock-gates latch Al

(310) during clock cycle N, or alternatively, if the logic state or value that latch Al stores

does not change in clock cycle N, then clock gating circuit 305(A2) may potentially clock-

gate latch A2 (350) in the next clock cycle N+l. In this scenario, latch Al does not

represent any change of data flow through the pipeline circuit stages and as a result, latch Al

does not need to function. The condition of latch A l is a "do not care" (DNC) condition

because the state of latch A l is irrelevant to downstream functions during the current clock

cycle. For this reason, clock gating circuit 305(Al) may clock-gate or effectively hold latch

Al in its current state.



In the second case or scenario of Table 1, if clock gating circuit 305(Al) clock-gates latch

Al (310) and clock-gating circuit 305(Bl) clock-gates latch Bl (320) during clock cycle N,

then in the next clock cycle N+l, clock gating circuits 305(A2) and 305(B2) may

respectively clock-gate latch circuit A2 (350) and latch circuit B2 (360). This is so because

the states or values of clock-gated latches Al and Bl are "do not cares" (DNCs) for the

clock cycle N+l from the perspective of downstream latches A2 and B2.

In the third case or scenario of Table 1, if the value of latch B2 (360) does not change in

clock cycle N+l, then clock gating circuit 305(Bl) may clock gate latch Bl (320) in clock

cycle N. This is true because the output of latch B1 in clock cycle N has no effect on the

output value of latch B2 in clock cycle N+l . Similarly, in the fourth case or scenario of

Table 1, if the value of latch A2 (350) does not change in clock cycle N+l, then clock gating

circuit 305(Al) may clock gate latch Al(310) in clock cycle N. This is so because the

output of latch A l in clock cycle N has no effect on the output value of latch A2 in clock

cycle N+l.

The fifth case Table 1 describes a scenario wherein both latch A2 (350) and latch B2 (360)

do not change logic state or output value in clock cycle N+l, or alternatively, both latches

A2 and B2 exhibit clock-gating. In other words, clock gate circuit 305(A2) and clock gate

circuit 305(B2) respectively clock-gate latches A2 and B2 during clock cycle N+l. In this

scenario, both latch Al and latch Bl are potential candidates for clock gating in clock cycle

N, because the outputs of both latch A l and latch Bl during clock cycle N exhibit no effect

on latch A2 and latch B2 in clock cycle N+l. The ability to look both upstream and

downstream through the latch logic of Fig. 1, to recognize clock gating opportunities enables

significant power reduction potential in this pipeline circuit design. For one example,

evaluating downstream states of latches A2 and B2 as they relate to upstream latches Al and

Bl during a clock cycle N, in Fig. 3, provides data for evaluating clock gating opportunities.

In electronic circuit design, a designer may express a particular logic circuit as a net list. In

the case of a logic circuit such as pipeline electronic circuit 300, the designer either manually

or with computer assistance generates a net list 375 that describes the attributes and

connections of electronic circuit 300. Net list 375 is a list of connections and logic functions



that represents the functional logic of pipeline the pipeline stages of electronic circuit 300.

The designer or others may employ conventional net list generation techniques to generate

net list 375. Net list 375 includes net list data that describe pipeline electronic circuit 300.

This net list data is input to a simulator 380 as shown in Fig. 3. Simulator 380 uses the net

list data of net list 375 to generate a software simulation model 382 representative of the

operation of the various stages and components of pipeline electronic circuit 300. The

simulation model 382 of pipeline electronic circuit 300 represents a software model of each

interconnecting node and functional logic component or circuit of each stage of pipeline

electronic circuit 300. Simulator 380 can simulate each input node in software, including

clock signal inputs, data signal inputs, input data busses, and other input signals of pipeline

electronic circuit 300. Simulation model 382 provides a tool for simulation and analysis of

the Boolean expression for each node per clock cycle of pipeline electronic circuit 300.

Simulator 380 includes simulation programs 385. In one embodiment, simulation programs

385 include a topography program 392, an optimization program 394, and a workload

simulation program 396. Simulator 380 may include other programs (not shown) for

simulation support of pipeline electronic circuit 300.

Simulator 380 may run topography program 392 to provide physical parameters to include

for use in the clock gating opportunity decision making process in pipeline electronic circuit

100. Topography program 392 may employ topographic data in this decision making

process. Topographic data may include connection trace widths, interconnecting trace

lengths, physical proximity of the discrete transistors of logic circuit functions and other

useful circuit design parameters of the pipeline electronic circuit 300. Simulator 380 may

execute optimization program 394 to reduce the complexity of the simulation model 382 and

to further aid in the identification of clock gating opportunities in circuit 300. The

optimization program 394 reduces the complexity of simulation model 382 by combining

latches and logic functions in cases where such combining will not affect the detection of

clock gating opportunities or functionality of the circuit design. For example, optimization

program 394 may combine or group multiple latches into a single latch for the simulation

only, wherein such a group of latches receives clock and data signals from the same source.



By applying software simulation programs 385 to a pipeline electronic circuit such as shown

in Fig. 3 above and applying therein the clock-gating scenarios of Table 1, system simulator

380 can develop a more accurate and expansive representation of clock gating opportunities

in circuit 300. The above methodology for identifying clock gating opportunities

exemplified in Fig. 3 and Table 1 is well-suited for complex pipeline designs. By taking into

account additional stages, not shown of the latch logic of pipeline electronic circuit 300,

more data nodes are available to simulator 380. More data nodes provide simulator 380 with

additional read data during execution of simulation programs 385. Also, by taking into

account more clock cycles, such as N+2, N+3, and so on, in each stage of the pipeline

circuit, more data is available to simulator 380. With more available data, simulator 380

may locate more accurate and realistic clock gating opportunities by using the teachings

herein such as the representative clock gating scenarios of Table 1.

If done manually, finding the opportunities for clock gating for the examples above is a

tedious and time consuming task. For that reason, Fig. 3 includes simulator 380 for

simulating both the pipeline electronic circuit 300 as well as the workload environment in

accordance with the scenarios of Table 1. In one embodiment, simulator 380 generates

simulation model 382 of pipeline electronic circuit 300 using register transfer level (RTL)

language. RTL is a high level descriptive language for defining digital electronic circuits.

RTL models describe electronic circuits as a software collection of latches and Boolean logic

expressions. By running a true workload on the model, namely inputting actual

representative data into the input nodes of the simulation model 382, workload simulation

program 396 reads actual circuit results at each node in the simulator 380. By analyzing the

results of each node stage by stage of the simulation model 382, workload simulation

program 396 generates a collection of clock gating opportunities that are consistent with the

scenarios of Table 1. The simulator 380 can analyze the clock gating opportunity results and

organize the data by scenarios such as those of Table 1, and other criteria. Simulator 380

can present the data to the end user or designer for analysis. These results may be useful in

the redesign or future design of electronic circuits.

The ability to turn clock gating on or off represents a useful feature of clock gating logic in

pipeline electronic circuit 300. End users may wish to disable the clock gating logic in



entirety without impact to the logical functionality of the pipeline electronic circuit.

Disabling the clock gating circuitry has the effect of increasing power consumption for the

circuit coincident with the power savings that clock gating provides. Disabling the clock

gating logic provides a mechanism to test the pipeline electronic circuit 300 with no clock

gating effects. The pipeline electronic circuit 300 includes a master clock gating enable

(CGE) circuit 308 that provides a CGE signal to each of the pipeline stages. The clock

gating enable (CGE) circuit 308 couples to clock gating circuits 305(Al), 305(Bl), and

305(Ml) of STAGE 1 to provide the clock gating enable signal thereto. The clock gating

enable CGE signal can exhibit one logic state to enable clock gating throughout pipeline

electronic circuit 300 and exhibit the opposite logic state to disable clock gating throughout

circuit 300. CGE circuit 308 couples to clock gating circuits 305(A2), 305(B2), and

305(N2) of STAGE 2 to provide the clock gating enable signal thereto. Fig. 3 depicts a

representative pipeline electronic circuit 300 including multiple stages and multiple latches

and combinational logic. Pipeline electronic circuit 300 may take on many forms, such as

part of a larger complex circuit. For example, pipeline electronic circuit 300 may form part

of a processor in a desktop computer, notebook computer, server, or other form factor

computer or data processing system. The pipeline electronic circuit may also take other

form factors such as a gaming device, a personal digital assistant (PDA), a communication

device or any other device that includes pipeline system architecture.

Fig. 4 is a flow chart that depicts design and operation methodologies for one embodiment of

the disclosed clock gating opportunity process. Process flow commences at start block 405.

A circuit designer designs a pipeline electronic circuit that includes multiple pipeline stages,

as per design pipeline electronic circuit block 410. The designer may use conventional

techniques to generate a net list that describes the multiple pipeline stages including the logic

circuitry, connections, nodes and other information descriptive of the pipeline electronic

circuit, as per block 412. For example, the designer may generate such a net list by a time-

consuming manual process or by computer assistance with a net list generation tool. In one

embodiment, simulator 380 produces the simulation model 382 by using register transfer

level (RTL) language programming. More specifically, simulator 380 converts the net list

into a software simulation of latches and interconnecting Boolean expressible logic functions

that correspond to and represent pipeline electronic circuit 300. Simulator 380 develops the



simulation model 382 from the net list, as per develop simulation model block 415.

Simulator 380 executes a simulation program 385 such as topography program 392, to

develop topographic data for the particular pipeline electronic circuit 300, as per block 420.

Topographic results remain in simulator 380 for use as part of final decision making criteria

for identifying clock gating opportunities below. Simulator 380 also executes a simulation

program 385 such as optimization program 394 to reduce the amount of data that simulator

380 analyzes, as per block 425. In one embodiment, optimizing the current simulation

model 382 generates enhancements to the software simulation model 382 for all subsequent

simulator 380 processes shown in Fig. 4.

Simulator 380 also executes a simulation program 385 such as workload simulation program

396, with real-world workload digital 1' s and O's data, as per block 430. By simulating real

workload through the pipeline electronic circuit 300 simulation, more realistic results,

namely the observable clock gating opportunities of pipeline electronic circuit 300 are

observable by simulator 380. Simulator 380 reads these clock gating opportunities by

probing internal nodes for conditional events such as those cases shown in Table 1, as per

block 435. Each of cases 1 - 5 of Table 1 represents a condition for which simulator 380

may identify that a clock gate opportunity exists in pipeline electronic circuit 300. For

example, the simulator 380, running workload simulation program 396 may identify latch

A l or group of latches A l and B l in STAGE 1 as exhibiting a clock gating opportunity

under cases 1 - 5 of Table 1. Simulator 380 may identify latch A l or any group combination

of latch M l in STAGE 1 as exhibiting a clock gating opportunity under one of cases 1 - 5 of

Table 1. The clock gating opportunity(s) pass to the next operation wherein simulator 380

verifies that the process found one of cases 1 - 5 that exhibits a clock gating opportunity as

per clock gating opportunity case(s) found decision block 440. If simulator 380 finds that a

particular component in a pipeline stage exhibits a clock gating opportunity that corresponds

to one of cases 1 - 5 of Table 1 then, because we have a "CASE(S) FOUND", process flow

continues to weight case(s) block 445. Simulator 380 applies a weight to each currently

found case that exhibits a clock gating opportunity, as per block 445. Case weighting

provides a method to determine which clock gating opportunity provides a greater power

savings than another. Clock gating opportunities with greater power savings rate higher than



clock gating opportunities with less power savings potential. The decision criteria discussed

below determines the particular weight that each particular case receives.

Case weighting is an aspect of the disclosed methodology wherein specific categories of

clock gating opportunities exhibit a greater opportunity for circuit design improvements than

other clock gating opportunities. For example, a clock-gated latch type that simulator 380

detects as the source of a clock gating opportunity is more valuable than a latch which

simulator 380 detects as a "do not care" (DNC) type of clock gating opportunity. A reason

for this value rating or weighting is that clock-gated latch types are highly predictable, and

clock gating circuitry is always present. In the case where the latch presents a "do not care"

DNC type clock gating opportunity, the clock gating opportunity may represent no clock

gating opportunity in other clock cycles. Namely clock cycles N+l, N+2, and so on, may

represent a non DNC clock gating opportunity. Simulator 380 assigns a particular weight

value to each clock gating opportunity type as shown in Table 2 below.

TABLE 2

As shown in Table 2 above, category "A" represents multiple latches that exhibit a common

clock gating opportunity in a particular stage that exhibit a high weighting or "H" value. A

group of latches in a particular stage that exhibit a clock gating opportunity have a larger

case weight than a single latch exhibiting the same opportunity. The group of multiple

latches represent a greater potential for power consumption reduction with the same amount



of clock gating circuitry. Another example of weighting is the simulator 380 analysis of

upstream or downstream clock gating opportunity. The case weight is larger as shown in

Table 2 category "B" if the clock gating opportunity resides downstream from the simulation

program 385 clock gating case data, in this case the weighting is "H" for high. For example,

simulator 380 gives a particular clock gating opportunity a larger weight than another clock

gating opportunity if the particular clock gating opportunity is downstream of the other clock

gating opportunity. This is so because downstream clock gating opportunities are easier to

predict.

The category "C" example as shown in Table 2 for do not care (DNC) clock gating

opportunities represents a weighting value of "M" or medium. The latch(s) that simulator

380 determines can be clock gating opportunities due to the latch(s) that exhibit a do not care

state are less of an opportunity value than the higher or "H" value ratings in Table 2 above.

Another example of value weighting is shown in category "D" as do not change latch(s) with

the lowest case weight value of "L" or low. Simulator 380 detects latch(s) that exhibit no

state change from clock cycle N to clock cycle N+l, rather the latch state does not change.

Yet another example is shown in Table 2 as category "E" as upstream clock gating

opportunities that have a weight value of "L" or low. A clock gating opportunity that

simulator 380 detects as upstream from the current simulation state or clock cycle N,

represents the lowest case weighting opportunity of the values of Table 2. Once the

simulator 380, running workload simulation program 396 completes the weighting

operation, simulator 380 logs the clock gate opportunities by weight, as per block 450.

As the log of clock gate opportunities completes or the clock gating opportunity case(s)

found decision of block 440 yields a false result, the simulator 380 advances to the next

clock cycle, as per advance simulator block 455. As the simulator 380 advances clock cycle

by clock cycle, namely clock cycle N to clock cycle N+l and so on, the workload simulator

program 396 compiles opportunities for clock gating. The more clock cycles that the

simulator 380 advances, the more the workload simulator program 396 will log clock gating

opportunities for the pipeline electronic circuit 300 design. Clock gating opportunities for a

specific latch or latches are a combination of the total simulation data from the simulation

process of Fig. 4 from start to finish. Simulator 380 may find a specific clock gating



opportunity for latch Al at one clock cycle N. However, designers inspect the total clock

gating data before they design clock gating circuits. The accumulation of all clock gating

opportunities and the interconnecting logic between latches and latch groups constitutes the

ultimate design guideline output of simulator 380.

5

Clock gating opportunities are more complete and of greater value after an expansive

workload simulation program 396 runs. For example, workload simulation program 396

may detect a least significant data bit, such as the output data of latch Al, exhibiting a clock

gating opportunity early in workload simulation program 396. Workload simulation

0 program 396 may pass through many clock cycles of simulation without detecting any

change to the data output of latch A l and log the potential clock gating opportunity as a

DNC case such as in case 1 of Table 1. After many simulation clock cycles the data output

of latch A l may represent a good opportunity for clock gating. However, since latch A l

represents a lower order data bit, eventually during the workload simulation program, the bit

5 may change and exhibit poor candidacy for clock gating across the entire simulation. If the

simulation stops early the bit appears as clock gateable. However if the workload simulation

program 396 is run for an extensive number of clock cycles, the bit may toggle and that latch

A l is now no longer a candidate for clock gating. If the simulation program 385 is not

complete, decision block 460 will yield a false result and simulator 380 returns to probing

o internal nodes for conditions, again as per block 435. If, however the results of decision

block 460 yield a positive result, the simulation is complete and simulator 380 logs all

results of clock gate opportunities for consideration as design improvements to the current

design. The simulation operation completes, as per end block 470.

5 Fig. 5 is a flowchart that represents a design improvement process. Flow begins at start

block 510. Circuit designers design an initial or preliminary version of pipeline electronic

circuit 300 using conventional circuit design practices, as per block 520. After completion

of the initial or preliminary electronic circuit design of block 520, simulator 380 executes

topography, optimization, and workload simulation programs 385 to complete a simulation

0 of the preliminary version of pipeline electronic circuit 300 as taught herein, as per block

530. The results of the simulator 380 process is a log of clock gating opportunities that may

be an organization of data by case, by weight, by latch, or grouping of latches, or by any



other criteria which represents useful input into design change opportunities thru clock

gating. The simulation process logs clock gating opportunity simulation results, as per block

540. Circuit designers evaluate the total simulator 380 results to identify the best

opportunities for clock gating implementation, as per block 550. By combining all of the

results and identifying a latch or group of latches that can benefit from clock gating, the

designer is able to modify the initial or preliminary pipeline electronic circuit design with

discrete clock gating circuitry to improve the design of pipeline electronic circuit 300.

Designers may thus generate modified pipeline electronic circuit designs by utilization of the

identified clock gating opportunities that result from the simulation process, as per block

560. The modified pipeline electronic circuit may thus achieve power consumption

reduction via clock gating circuitry that addresses the identified clock gating opportunities.

As one example, designers may generate clock gating circuits such as clock gating circuit

305(Al), 305(Bl), through 305(Ml) for STAGE 1 of pipeline electronic circuit 300 using

the identified clock gating opportunity results of the simulation. The clock gating circuits

represent any combination of cases per case Table 1. Designers may generate clock gating

circuits such as clock gating circuit 305(A2), 305(B2), through 305(N2) for STAGE 2 of

pipeline electronic circuit 300. The improvement process completes, per end block 570. In

this manner, the designers provide an improved or modified final version of pipeline

electronic circuit 300.

Fig. 6 shows a simplified block diagram of a representative information handling system

(IHS) 600 that employs a processor 605. In one embodiment, processor 605 includes

pipeline electronic circuit 300. IHS 600 further includes a bus 610 that couples processor

605 to memory controller 615 and video graphics controller 620. More particularly, system

memory bus 630 couples to system memory 635 as shown. In actual practice, bus 610 may

include multiple buses, for example a memory bus and an I/O bus. A display 640 couples to

video graphics controller 620. Nonvolatile storage 645, such as a hard disk drive, CD drive,

DVD drive, or other nonvolatile storage couples to bus 610 to provide IHS 600 with

permanent storage of information. I/O devices 650, such as a keyboard and a mouse

pointing device, couple via I/O bus 655 and I/O controller 660 to bus 610. One or more

expansion busses 665, such as USB, IEEE 1394 bus, ATA, SATA, PCI, PCIE and other

busses, couple to bus 610 to facilitate the connection of peripherals and devices to IHS 600.



A network interface adapter 670 couples to bus 610 to enable IHS 600 to connect by wire or

wirelessly to a network and other information handling systems. While Fig. 6 shows one

IHS that employs pipeline electronic circuit 300 in processor 605, the IHS may take many

forms. For example, IHS 600 may take the form of a desktop, server, portable, laptop,

notebook, or other form factor computer or data processing system. IHS 600 may take other

form factors such as a gaming device, a personal digital assistant (PDA), a portable

telephone device, a communication device or other devices that include a processor and

memory.

The foregoing discloses a pipeline electronic circuit and design methodology that enables

power conservation in the stages of the pipeline by identifying clock-gating opportunities.

In one embodiment, simulation results may assist a designer in the design of the pipeline

electronic circuit to achieve power conservation by incorporating clock-gating circuitry

among the stages of the pipeline at clock gating opportunity locations that the simulation

identifies.

Modifications and alternative embodiments of this invention will be apparent to those skilled

in the art in view of this description of the invention. Accordingly, this description teaches

those skilled in the art the manner of carrying out the invention and is intended to be

construed as illustrative only. The forms of the invention shown and described constitute the

present embodiments. Persons skilled in the art may make various changes in the shape, size

and arrangement of parts. For example, persons skilled in the art may substitute equivalent

elements for the elements illustrated and described here. Moreover, persons skilled in the art

after having the benefit of this description of the invention may use certain features of the

invention independently of the use of other features, without departing from the scope of the

invention.



CLAIMS

1. A method for power conservation in a pipeline electronic device, wherein the

pipeline electronic device comprises a plurality of pipeline stages comprising first and

5 second pipeline stages that each comprise logic elements that are operable to be clock-gated,

each pipeline stage supplying information to a downstream pipeline stage, the method

comprising:

simulating operation of the pipeline electronic device to determine simulation results

that specify selected logic elements that are operable to be clock-gated under predetermined

o conditions; and

clock-gating the selected logic elements of the pipeline electronic device in

accordance with the simulation results.

2. The method of claim 1, wherein the simulating step comprises analyzing the second

5 pipeline stage for clock-gating opportunities by monitoring the first pipeline stage for first

pipeline logic elements that do not change logic state from clock cycle to clock cycle.

3. The method of claim 1, wherein the simulating step comprises analyzing the second

pipeline stage for clock-gating opportunities by monitoring the first pipeline stage for first

o pipeline logic elements that are already clock-gated from clock cycle to clock cycle.

4. The method of claim 1, wherein the simulating step comprises analyzing the first

pipeline stage for clock-gating opportunities by monitoring the second pipeline stage for first

pipeline logic elements that do not change logic state from clock cycle to clock cycle.

5

5. The method of claim 1, wherein the simulating step comprises analyzing the first

pipeline stage for clock-gating opportunities by monitoring the second pipeline stage for

second pipeline logic elements that are already clock-gated from clock cycle to clock cycle.

0 6. The method of claim 1, wherein the simulating step further comprises generating, by

a simulator, a simulation model from a net list that describes the pipeline electronic device.



7. The method of claim 6, further comprising monitoring, by the simulator, the logic

elements of the first and second pipeline stages from clock cycle to clock cycle to locate

clock-gating opportunities.

8. The method of claim 1, wherein the simulator identifies clock gating opportunities,

the method further comprising:

weighting one identified clock-gating opportunity with respect to another clock-

gating opportunity to determine which clock-gating opportunity provides more power

saving.

9. The method of claim 1, further comprising:

modifying the first pipeline electronic device to form a second pipeline electronic

device that clock-gates the selected logic elements in accordance with the simulation results.

10. An apparatus for power conservation in a pipeline electronic device, wherein the

pipeline electronic device comprises a plurality of pipeline stages comprising first and

second pipeline stages that each comprise logic elements that are operable to be clock-gated,

each pipeline stage operable to supply information to a downstream pipeline stage, the

apparatus comprising:

means for simulating operation of the pipeline electronic device to determine

simulation results that specify selected logic elements that are operable to be clock-gated

under predetermined conditions; and

means for clock-gating the selected logic elements of the pipeline electronic device

in accordance with the simulation results.

11. The apparatus of claim 10, wherein the simulating means further comprises:

means for monitoring the first pipeline stage for first pipeline logic elements that do

not change logic state from clock cycle to clock cycle in order to analyze the second pipeline

stage for clock-gating opportunities.

12. The apparatus of claim 10, wherein the simulating means further comprises:

means for monitoring the first pipeline stage for first pipeline logic elements that are



already clock-gated from clock cycle to clock cycle in order to analyze the second pipeline

stage for clock-gating opportunities.

13. The apparatus of claim 10, wherein the simulating means further comprises:

5 means for monitoring the second pipeline stage for first pipeline logic elements that

do not change logic state from clock cycle to clock cycle in order to analyze the first pipeline

stage for clock-gating opportunities.

14. The apparatus of claim 10, wherein the simulating means further comprises:

o means for monitoring the second pipeline stage for second pipeline logic elements

that are already clock-gated from clock cycle to clock cycle in order to analyze the first

pipeline stage for clock-gating opportunities.

15. The apparatus of claim 10, wherein the simulating means further comprises:

5 means for generating a simulation model from a net list that describes the pipeline

electronic device.

16. The apparatus of claim 15, further comprising:

means for monitoring the logic elements of the first and second pipeline stages from

0 clock cycle to clock cycle to locate clock-gating opportunities.

17. The apparatus of claim 10, further comprising:

means, responsive to clock gating opportunities being identified, for weighting one

identified clock-gating opportunity with respect to another clock-gating opportunity to

5 determine which clock-gating opportunity provides more power saving.

18. The apparatus of claim 10, further comprising:

means for modifying the first pipeline electronic device to form a second pipeline

electronic device that clock-gates the selected logic elements in accordance with the

0 simulation results.

19. An information handling system (IHS), comprising:



a memory,

a pipeline electronic processor device, coupled to the memory, the pipeline electronic

processor device comprising:

a plurality of pipeline stages comprising first and second pipeline stages that each

include logic elements that are operable to be clock-gated, each pipeline stage operable to

supply information to a downstream pipeline stage, wherein selected logic elements are

operable to be clock-gated in accordance with a simulation of the pipeline electronic

processor device that is operable to specify the selected logic elements that are operable to

be clock-gated under predetermined conditions.

20. A computer program comprising program code means adapted to perform all the

steps of any of claims 1 to 9 when said program is run on a computer.
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