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(57) ABSTRACT 
A microprocessor, method and signal-bearing medium for 
storing a program for executing the method, includes a 
microcode unit for outputting control signals, for each of a 
plurality of instructions, required by the microprocessor for 
executing the instructions. The microcode unit includes an 
instruction address input for receiving an instruction 
address, a control variable input for receiving a control 
variable corresponding to a current state of the micropro 
cessor, a control signal input for receiving all of the control 
signals output by the microcode unit for an immediately 
preceding instruction, and a plurality of embedded logic 
circuits each dedicated for evaluating one unique type of 
instruction received by the microcode unit. 
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MICROPROCESSOR INCLUDING CONTROLLER 
FOR REDUCED POWER CONSUMPTION AND 

METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a micro 
processor, and more particularly to a microprocessor includ 
ing a controller in Which alternating current (AC) poWer is 
reduced as a function of a sequential machine, and a method 
therefor. 

[0003] 2. Description of the Related Art 

[0004] Mobile computers (e.g., portable personal comput 
ers such as IBM’s ThinkPad®), communications devices 
(e.g., portable, cellular telephone, selective call receiving 
device (pager) etc.), and other portable device (e.g., “smart” 
cards, etc.) must be designed for very loW poWer operation 
and consumption to conserve the limited charge of a battery 
incorporated into the respective devices. Thus, every opera 
tion must minimize the poWer use for maximum battery life. 

[0005] TWo poWer components Which are candidates for 
reducing poWer are the alternating current (AC) poWer, and 
the standby poWer. A primary method of driving the AC 
poWer has been through using loW-poWer circuits, and 
improved technology enabling loWer VDD. The standby 
poWer has been the primary focus from a logic design and 
architecture standpoint. The conventional methods have 
involved different methods of shutting doWn logic Whenever 
the product is in the standby poWer mode. Thus, through 
technology advances and standby shutdoWn, some poWer 
savings have been achieved. 

[0006] HoWever, a third area of poWer consumption is the 
reduction of poWer While the processor (e.g., microproces 
sor) is running code (e.g., application code). This area of 
poWer reduction has not been addressed as an area of poWer 
savings, as frequently as the other tWo approaches described 
above. 

[0007] This area of poWer reduction is a function of logic 
gates in the microprocessor making transitions from loW to 
high values (e.g., “0” to “1”), or high to loW values (e.g., 
typically called “node toggle”), so as to render a binary 
value. Conventional analysis techniques have attempted to 
minimiZe node toggle by function. Hence, if an “add” 
subroutine is to be performed, the add is attempted With the 
minimum amount of toggle. Speci?cally, to minimiZe the 
amount of toggle, the conventional technique selects an 
adder-type (e.g., a ripple adder, carry adder, etc.) to be 
employed Which Would minimiZe the transitions to get the 
result. 

[0008] Within the microprocessor, control signals control 
the actual processing in the microprocessor. For example, 
these signals are carried on control lines Which may activate 
parallel conductors (e.g., buses) so that data placed on them 
Will How to the proper destination. The control lines super 
vise the order Which microinstructions are performed after 
the opcode has been decoded by logic circuitry. Using clock 
inputs, the control circuitry maintains the proper sequence of 
the processing task. The control signals enable the various 
device functions Which can be active high or active loW. 
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[0009] HoWever, a problem With the conventional 
approach is that from cycle to cycle, the control signals are 
not linked (e.g., examined in relation to one another). Hence, 
the control signals do not “look backWard” to a previous 
cycle’s function, but instead the control signals are treated 
independently. For example, if a previous cycle is an “ADD” 
instruction, and the next cycle is a “MUL ” instruction, then 
each opcode (e.g., operation code instruction in binary 
representation) Will have its oWn speci?c control signals 
(e.g., control signals designating an “ADD” and separate, 
different control signals designating the “MULT”). Typi 
cally, there Will be a de?ned state (e.g., a “0” or “1” state) 
for every control signal for every opcode. Thus, a binary 
representation is provided of the control signal to execute 
the control signal’s particular function. These states are not 
de?ned by the prior opcode, but strictly from the executing 
opcode (e.g., the opcode’s function). 
[0010] TWo common techniques for decoding are distrib 
uted decode and microcode. 

[0011] Referring to FIG. 1, the distributed decode 
approach is Where each logic signal is derived in a section 
of logic description completely. Speci?cally, in FIG. 1, 
random logic gates are shoWn (e.g., the gates may be AND, 
OR, etc. gates). Each of the random logic gates issues an 
individual signal. 

[0012] Thus, in a design unit employing the distributed 
approach, each logic signal is derived in a section of logic 
description completely. The design unit becomes a series of 
individual decodes of control signals in Which the sum total 
of the individual decodes represents the opcode’s function. 
This approach is advantageous since, for each control func 
tion, a relatively small amount of code can be Written that 
represents that opcode’s function. Thus, FIG. 1 illustrates 
the conventional splintered, random decode of instructions. 

[0013] HoWever, With this approach, it is dif?cult to read/ 
debug any one opcode function, since the function is spread 
out over a very large design unit. Further, it is difficult to 
perform engineering change (EC) and to vieW the entire 
opcode function. 

[0014] An alternative conventional approach is a micro 
code approach Which is shoWn in FIG. 2. In the microcode 
approach, a system 20 is provided in Which each opcode is 
translated from an entry point address (e.g., instruction 
register (IR) 21) to a microcode read-only memory (ROM) 
22 (or to a programmable logic array (PLA) (not shoWn)). A 
complete set of control signals 23 is output from the ROM 
22/Programmable logic array (PLA). The control signals of 
the set typically are output simultaneously. 

[0015] Hence, for every opcode, one set of control signals 
is available. This feature enables the designer to perform the 
engineering change (EC) function quickly since only the 
control signals need be edited at a localiZed address Which 
represents that opcode. Thus, the microcode approach is 
easier to read and to de?ne opcodes. 

[0016] The disadvantages of the microcode approach 
include that there is no ?exibility (e.g., only a ?xed value of 
“0” or “1” is provided), it has a limited function, and is 
relatively sloW as compared to the distributed approach. 

[0017] Thus, both of these approaches have disadvantages 
and neither approach optimiZes performance and utility of 
the system. 
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[0018] Hence, currently, there is no means or method of 
knowing all possible opcode combinations, and then, based 
upon this knowledge, selecting the next state to minimiZe the 
next cycle poWer but yet Without impacting the cycle’s 
function. Instead, the conventional techniques perform a full 
ON/full OFF from one cycle to the next, thereby consuming 
much poWer. 

SUMMARY OF THE INVENTION 

[0019] In vieW of the foregoing and other problems of the 
conventional methods and structures, an object of the 
present invention is to provide a method and structure for 
reducing AC poWer by deriving the next cycle’s control 
signals based on the next cycle’s function along With the 
previous cycle state. 

[0020] Speci?cally, the present inventors have discovered 
that large unnecessary node toggle sWings can occur based 
on What is in the pipeline last (e.g., the previous cycle’s 
function), and What is in the pipeline next (e.g., the next 
cycle’s function). 
[0021] In one aspect of the present invention, a micropro 
cessor is provided Which includes a microcode unit for 
outputting control signals, for each of a plurality of instruc 
tions, required by the microprocessor for executing the 
instructions. 

[0022] Preferably, the microcode unit includes an instruc 
tion address input for receiving an instruction address, a 
control variable input for receiving a control variable cor 
responding to a current state of the microprocessor, a control 
signal input for receiving all the control signals output by the 
microcode unit for an immediately preceding instruction, 
and a plurality of embedded logic circuits each dedicated for 
evaluating one unique type of instruction received by the 
microcode unit. 

[0023] In another aspect of the present invention, a 
method of updating a design of a semiconductor chip at a 
hardWare design language level (HDL) of simulation, to 
maximiZe an amount of logic that can be set to a previous 
cycle state, includes steps of automatically reading and 
setting a value of control signals on a per cycle basis in a 
template and updating the HDL design With neW data, 
changing a ?rst predetermined value of the template to be set 
With the previous state of the control signal, and executing 
a test sWeep to determine “don’t care” states of control 
signals. 
[0024] In yet another aspect, a signal-bearing medium is 
provided for storing a program for executing the method of 
the invention. 

[0025] With the unique and unobvious aspects, features 
and advantages of the present invention, the present inven 
tion reduces AC poWer by deriving the next cycle’s control 
signals based on the next cycle’s function along With the 
previous cycle state. Thus, node toggle sWings are mini 
miZed, thereby to save poWer and extend battery life for 
mobile computer and communications applications. 

[0026] Thus, a primary advantage is that control signals 
are controlled to reduce node toggle. Speci?cally, the micro 
processor does not toggle until it has to do so, thereby 
resulting in reduced poWer, longer battery life, and loWer 
thermal dissipation With resulting less concerns about heat 
sinking and the like. 

Jul. 19, 2001 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The foregoing and other purposes, aspects and 
advantages Will be better understood from the folloWing 
detailed description of a preferred embodiment of the inven 
tion With reference to the draWings, in Which: 

[0028] FIG. 1 illustrates a conventional decode technique 
and more particularly a distributed decode technique; 

[0029] FIG. 2 illustrates another conventional decoding 
technique and more particularly a microcode technique; 

[0030] FIG. 3A illustrates a structure according to a ?rst 
embodiment of the present invention; 

[0031] FIG. 3B illustrates a structure of a microcode unit 
22 for use in the structure according to the ?rst embodiment; 

[0032] FIG. 3C illustrates a structure of an embedded 
logic circuit of the microcode unit 32; 

[0033] FIG. 3D illustrates an exemplary ?oWchart of the 
operation of the ?rst embodiment according to the present 
invention; 

[0034] FIGS. 4A and 4B illustrate a ?oWchart according 
to a method of a second embodiment of the present inven 
tion; and 

[0035] FIG. 5 illustrates a medium for storing a program 
for implementing the method according to the present inven 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0036] Referring noW to the draWings, and more particu 
larly to FIGS. 3A-5, there are shoWn preferred embodiments 
of the method and structures according to the present 
invention. 

[0037] Regarding a ?rst embodiment of the present inven 
tion, the inventive microprocessor design uses a decode 
method that differs from conventional microprocessors. 

First Embodiment 

[0038] Speci?cally, as shoWn in FIGS. 3A-3D, the present 
invention provides a hybrid unit that combines the advan 
tage of microcode, and the ability to execute control and 
engineering change as random logic. The present inventors 
have termed their inventive design technique as “pseudo 
microcode”. 

[0039] Generally, the present invention emulates a micro 
code ROM and generates a unique microcode address for 
each control signal. The opcode instruction (control signal) 
is sent to microcode units and each of the microcode units 
looks at (examines) the control signal. The microcode units 
change the instruction accordingly. 

[0040] Thus, each of the microcode units look at the 
control signal and query Whether its address is currently on 
the bus and Whether the individual microcode unit is the line 
Which the bus Wants. If “yes”, there is a match and then the 
control signal is de?ned and set to a “0”, a “1” or kept to a 
previous value. By being able to keep the control signal to 
a previous value, less transitions can be made, thereby 
leading to poWer conservation. 
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[0041] In FIG. 3A, a system 30 and method according to 
the present invention are shoWn. Speci?cally, for every 
opcode, every control signal that can be set by any opcode 
is bundled together as a “total identity”, including the 
pipeline control, the address generation control, and the 
execute control bits. 

[0042] First, a ?rst-stage generated microcode entry point 
address dispatched from instruction register IR 31 is sent to 
n microcode units 32. While exemplarily there are ?ve 
microcode units shoWn in FIG. 3A, many more (or less 
depending on the design) may be provided. For example, 
there are 22 microcode units in an exemplary design. 

[0043] Within each microcode unit 32, the microcodes are 
decoded to determine the instruction type. 

[0044] Speci?cally, the decoding operation includes 
decoding of the operands of the incoming microcode, and 
then comparing, on a bit-by-bit basis, the decoded operands 
With knoWn bit patterns (e.g., stored in a table lookup, 
database, etc.), thereby to determine an instruction-type. For 
example, a ?rst bit pattern may represent an “ADD” instruc 
tion, a second bit pattern may represent a “MULT” instruc 
tion, a third bit pattern may represent a “STORE” instruc 
tion, and so forth for any supported instruction type. 

[0045] A preferred structure of the microcode unit 32 is 
shoWn in FIG. 3B, in Which the exemplary microcode unit 
may include one sub-unit or a plurality of sub-units 321, 
322, etc. If a plurality of microcode sub-units are provided, 
internal or external OR gate(s) 323A, 323B, 323C etc. may 
be included for providing a single output to OR Tree Logic 
33 described beloW. Once again, While the OR gate(s) 323A, 
323B, 323C, etc. are shoWn as internal to the microcode unit 
32, such OR gates may be provided externally thereto and 
the same function can be performed and the same advan 
tages may be obtained. 

[0046] In FIG. 3B, 21 microcode address entry point is 
shoWn for receiving a microcode address. The address is 
provided, for example, to each of a plurality of sub-units (if 
so equipped). Sub-unit 321 Will be examined as an exem 
plary one of microcode unit 32. The microcode address is 
input to an address comparator 3211 Which compares the 
address input With the address for the microcode unit 32, to 
determine Whether the microcode unit is active. 

[0047] For example, if the addresses match, the address 
comparator Will issue a signal having a high value (e.g., a 
“1”, Whereas if the addresses do not match (and thus the unit 
is not active) the address comparator Will issue a signal 
having a loW value (e.g., a “0”). The output signal of the 
address comparator 3211 is issued to AND gate 3212 (e.g., 
for the “1” block), AND gate 3213 (e.g., for the “0” block) 
and to AND gate 3214. 

[0048] Further, the previous control values are examined 
by being input to second inputs of AND gates 3212 and 3213 
Which provides an output accordingly depending upon a 
change of value of the control signal from the previous cycle 
to the present cycle. 

[0049] Additionally, embedded logic signals in the micro 
code are considered. Speci?cally, the logic signals are input 
to an embedded lock circuit (block) 3215, Which in turn 
provides an output to AND gate 3214 Which performs an 
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AND operation betWeen the output of the address compara 
tor and the output of the logic circuit 3215. 

[0050] The plurality of outputs from AND gates of each of 
the microcode sub-units 321, 322, etc. are input to respective 
ones of internally or externally provided OR gate(s) 323A, 
323B, 323C, etc. (or directly to the OR tree 33, shoWn in 
FIG. 3A, depending upon the number of outputs to be OR’d) 
Which ORs the inputs to provide a single output from the 
microcode unit 32. 

[0051] Speci?cally, in the example shoWn, an output from 
AND gate 3212 is provided to a ?rst input of an OR gate 
323A and an output from a corresponding AND gate (not 
shoWn) in microcode subunit 322 is provided to a second 
input of OR gate 323A, to provide an output. Similar inputs 
are made to OR gates 323B and 323C, Which in turn are 
OR’d, ultimately to provide a single output from the micro 
code unit 32. As evident, While the OR gates 323 are shoWn 
as internally provided, such OR gates 323A, 323B, 323C, 
etc. may be externally provided, so long as a single output 
is generated corresponding to each microcode unit and input 
to the OR logic tree 33. 

[0052] Thus, the single output is provided to the OR tree 
logic 33 shoWn in FIG. 3A. Similar operations are per 
formed for the other plurality of microcode units 32. 

[0053] Once the instruction type is determined (e. g., ADD, 
STORE, MULT etc.), then the value is set by that portion of 
the microcode unit that includes the microcode portion, for 
every control signal Within that microcode unit 32 for that 
cycle. 

[0054] Akey feature of the invention is that, in addition to 
the “0” or “1” value Which can be set for each control signal, 
the previous value can also be set. The capability of setting 
the previous value is a key aspect to reducing the poWer 
Within the microprocessor. 

[0055] Speci?cally, since each function is a function of a 
microcode address, by only changing the value of control 
signals that are absolutely required for that particular micro 
code address (e.g., ADD, STORE, MULT etc. as determined 
by the decoding), the poWer of the microprocessor can be 
minimiZed since node toggle, as discussed above, is greatly 
reduced as compared to the conventional machines and 
systems. For example, in an exemplary design, the poWer 
savings Was on the order of about 30-40% over the conven 
tional systems. Hence, if the function remains the same from 
a previous opcode to the next opcode (and hence from 
cycle-to-cycle), then the previous value may be maintained 
again, and no node toggle results since values are not being 
changed from high to loW or from loW to high. 

[0056] Thus, With the invention, each opcode becomes a 
function of the previous opcode. Only con?icting (e.g., 
required) control signals must be resolved, and thereby 
poWer consumption is greatly reduced. 

examp e 15 pI‘OVI e e OW In W 1C I 0057 An 1' 'ddbl ' h'h 

[005s] EX: 

[0059] Add 

[0060] Nop (looks like ADD, but register enable is 
Off) 
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[0061] Sub (looks like ADD), but ALU Control and 
turn register enable back on) 

[0062] Nop (looks like SUB, but register enable off) 

[0063] Mult (looks like SUB, but register off, MULT 
control on) etc. 

[0064] Speci?cally, in the above example, ?rst in the Add 
operation, all the control signals for the ADD are generated. 
Then, in the ?rst Nop operation, since this control signal 
appears like an ADD, all the ADD signals can be kept the 
same as in the ADD operation. HoWever, for registers 
provided for latching the result, the register enable is turned 
off/maintained off. 

[0065] Then, in the Sub operation, this operation appears 
as an ADD (and thus all ADD signals may be kept the same 
as before), but an arithmetic logic unit (ALU) control is 
performed to turn the register enable back on. In the second 
Nop operation, this control signal’s operation appears as a 
SUB control signal (and thus all SUB signals may be kept 
the same) but the register enable is turned off. 

[0066] Finally, in the Mult control signal, this signal 
appears as a SUB (and thus all SUB signals may be kept the 
same), but the register is turned off and the MULT control 
register is turned on. 

[0067] Thus, from control signal to control signal (and 
from function to function) the transitions may be minimiZed 
by changing only those signals Which must be changed and 
maintaining control signals at the previous level if no change 
is required. Hence, if the microcode matches the address, the 
control signal is set to “0”, “1” or the previous value of the 
signal. 

[0068] Thus, in operation, for every opcode, every control 
signal that can be set by any opcode is bundled together as 
a “total identity”. This includes the pipeline control, the 
address generation control, and the eXecute control bits. 
Upon each cycle boundary, a ?rst stage generated microcode 
entry point address is sent to n microcode units 32. The 
microcodes are decoded in each microcode unit for deter 
mining the instruction type. As mentioned above, the struc 
ture of the microcode units 32 is shoWn in FIG. 3B. 

[0069] Once the instruction type is determined, then the 
value is set for every control signal Within that macro(mi 
crocode). In addition to the “0” or “1” value, the previous 
value also can be set. Thus, With the invention, each opcode 
becomes a function of the previous opcode. Only con?icting 
control signals must be resolved, thereby achieving great 
poWer savings. 

[0070] With this method, the control signals for each unit 
are locked doWn (e.g., “set”), and only change When their 
function Would interfere With the current opcode being 
eXecuted. 

[0071] Another advantage to the inventive “pseudo micro 
code” technique is its ability to include embedded logic 
Within the microcode (and receive embedded logic signals 
Within the logic block of the microcode unit 32 shoWn, for 
eXample, in FIG. 3B. Such embedded logic reduces the 
number of microcode addresses. 

[0072] Speci?cally, referring to FIG. 3C a plurality of 
embedded logic circuits 3215 may be provided Within the 
microcode units 32 shoWn in FIG. 3B. 
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[0073] Each of the embedded logic circuits 3215 may 
include, for eXample, a table 32151 for performing a table 
lookup in response to a received instruction, and a controller 
responsive to a control variable (e.g., in the logic signals), 
the control signals (e.g., the logic signals shoWn in FIG. 3C) 
for an immediately preceding instruction, and to an output 
from the table lookup for controllably setting each of the 
control signals required by the microprocessor for executing 
the received instruction. 

[0074] The controller of the embedded logic circuits can 
set a control signal to a predetermined value (e.g., a “1”) 
regardless of its immediately preceding value, or can set a 
control signal to another predetermined value (e.g., a “0”) 
regardless of its immediately preceding value, or can simply 
not modify a control signal from its immediately preceding 
value. Moreover, the controller can set a control signal to a 
data state. 

[0075] The embedded logic (e.g., functions) represents 
conditional checks for a particular opcode, Where depending 
upon the value of the input control signals being set, the 
value of the output control signals can be set to different 
values. The ability to perform/execute embedded logic is a 
hybrid of a conventional microcode. The conventional 
microcode cannot perform embedded logic because it is a 
read-only memory. Hence, ROMs cannot embed logic. The 
end result of using embedded logic in the pseudo microcode 
is a reduced number of microcode addresses. For eXample, 
if on average, tWo to three embedded functions eXist, then 
the microcode must increase to many times its siZe to 
accommodate all the potential values. 

[0076] Additionally, each opcode could be checking a 
different control signal for its embedded logic, making the 
microcode possibility beyond the scope of a comprehensive 
implementation (e.g., the microcode performing the com 
plete function). 
[0077] A third advantage of pseudo microcode is the 
ability to pass a variable to the microcode control variable. 
For eXample, this may be in the form of eXecute_add[4:0] 
“=IR[4:0]”. These variables are typically generated Within 
other control units Within the microprocessor. 

[0078] Since this is a simulated microcode, the control 
signals are not hardWired, but can be set to “0”, “1”, or some 
other control variable. 

[0079] Akey element of the simulated microcode (e.g., the 
simulated microcode passed to the units 32), is that the 
control signals from all of the microcode units) must be 
re-combined to form a single set of control signals. It is 
noted that each control block/microcode unit includes a 
complete set of control signals. As described, there are n 
number of these microcode units 32 (e.g., 22 for an eXem 
plary design), each With their oWn set of control signals. 

[0080] Returning to FIG. 3A, to recombine the signals, an 
OR logic tree (or set of OR logic trees 33 depending upon 
the design) is provided Which takes n number of the control 
signals and ORs them into a single identity (e.g., output) 
33A. The “single identity” output 33A of the OR Tree Logic 
33 is the ?nal control signal Which is output to another unit 
in the microprocessor, or latched by a latch 34 for the neXt 
pipeline stage. Thus, the OR tree recombines the control 
signals into a single output. 
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[0081] An exemplary operation of the ?rst embodiment is 
shoWn in FIG. 3D Which illustrates a ?owchart showing the 
state machine decoding operation 300. 

[0082] Brie?y, in FIG. 3D, in step 301 the current opcode 
is decoded. Speci?cally and as mentioned above, the decod 
ing operation for the current opcode includes decoding of 
the operands of the incoming opcode, and then comparing, 
on a bit-by-bit basis, the decoded operands With knoWn bit 
patterns (e.g., stored in a table lookup, database, etc.), 
thereby to determine an instruction-type. For example and as 
mentioned above, a ?rst bit pattern may represent an “ADD” 
instruction, a second bit pattern may represent a “MULT” 
instruction, a third bit pattern may represent a “STORE” 
instruction, and so forth for any supported instruction type. 
Thereafter, in step 302, the required function signals are set. 

[0083] In FIG. 303, the exclusive function outside the 
current opcode is set to the previous state. Finally in step 
304, the results are latched. 

[0084] Thus, in the ?rst aspect of the invention, the present 
invention provides a microcode address entry point provid 
ing a simulated microcode function that alloWs the poWer 
control and reduction, embedded logic, passing of variables 
and greatly improved readability, thereby resulting in a 
design having loWer poWer consumption and more ?exible 
design structure. 

[0085] Thus, unlike the conventional methods and systems 
in Which poWer is controlled on a full ON/full OFF type of 
mode, the microprocessor and method of the present inven 
tion controls the dynamic execution of logic. As a result, 
poWer allocation can be based on current system needs and 
program execution. More particularly, allocation takes 
account the speci?c needs of portable personal computers 
(PCs) and other portable communications devices. 

[0086] Hence, in the inventive “Pseudo Microcode” 
approach, the IR and control signals form the microcode 
address entry point that functions as an entry address into the 
random logic structure. Every opcode and microcode func 
tion is fully speci?ed, and every control signal exists for 
every microcode function. A key aspect of the invention is 
that the signals may be set to the “0” state, the “1” state or 
to another signal’s (e.g., a previous signal’s) state. The 
signal can be set to a desired state depending upon the entry 
into a particular opcode. Logic (e.g., standard verilog func 
tion) may be embedded Within an opcode (e.g., so-called 
“embedded logic”) to determine What state to set the func 
tion. Further, the inventive structure supports state machine 
decode functions. 

[0087] Thus, the microprocessor design according to this 
aspect of the invention preferably includes a plurality of 
microcode/decode units, a mechanism for setting selected 
control signals to their previous values (e.g., in a pipeline), 
and embedded logic included Within the decoders Which 
perform conditional checks for a particular opcode to reduce 
the number of addresses thereof, and a mechanism for 
passing a variable to a microcode unit. Thus, the invention 
determines Which controls signals need not be modi?ed for 
each instruction and thereby signi?cant poWer savings 
results, thereby optimiZing portable devices. 

Second Embodiment 

[0088] As described above With regard to the ?rst embodi 
ment, the method of reducing poWer relies on turning the 
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microcode sequence into a giant state machine in Which each 
opcode is a function of the immediately preceding opcode. 
Hence, every opcode Will maintain the previous control 
signals to a previous state, and Will change only the control 
signals required for the current cycle’s operation. 

[0089] HoWever, the determination of this neW state 
machine is based on an architecture speci?cation With the 
designer looking at the function, and determining What 
control signals could be left at the previous state, and What 
control signals could be changed to neW values. 

[0090] Thus, a problem With the ?rst embodiment is that 
such a determination and changing values of selected ones 
of the control signals are performed manually and require 
human inputs. Once the function is implemented, large test 
case fallout occurs. To ?x the failures, the designer must 
perform a difficult and tedious debug operation including 
analyZing each failure, and undoing the changes. This very 
time-intensive debugging impacts the design schedule, and 
represents a signi?cant portion of the total engineering 
resources. 

[0091] Furthermore, in addition to the design errors, a 
signi?cant amount of poWer is still consumed due to the 
designer missing (e.g., overlooking) signals that could have 
been held to previous values. Thus, node toggle still occurs 
in some instances Where such node toggle could have been 
avoided altogether. Hence, some poWer is still Wasted and 
unnecessarily consumed. 

[0092] Due to these problems, an alternative method of 
creating the state machine control logic has been developed 
by the present inventors and is described beloW as the 
second embodiment of the present invention With reference 
to the ?oWcharts of FIGS. 4A-4B. 

[0093] Thus, the second embodiment is termed an 
“Auto_Don’t_Care (ADC)” method Which automates the 
?nding of bits Which need not toggle (e.g., automates ?nding 
of “Don’t_Care_Bits”), and frees the designer from having 
to do a manual search for such bits. The time savings is 
signi?cant, reducing the time of debug from months (e.g., by 
human) to hours/days (e.g., by the inventive program). The 
program also alloWs for automated debug. 

[0094] Speci?cally, the inventive microprocessor design 
has chosen a decode method that is a structured design 
approach. For every opcode boundary, every control signal 
is speci?ed in the design. 

[0095] The ?rst stage of decode is an entry point address 
into the explicit microcode for a given operation. A High 
Level Logic Entry (HLLE) code exists Which alloWs the 
reading and setting of every control signal for every function 
on a per-cycle basis. 

[0096] As shoWn in FIG. 4A, the ?rst step of the 
Auto_Don’t_Care (ADC) process is to provide a template 
for every function type (e. g., Add, Sub, Mult, etc.) Within the 
processor. The template may be as described above (e.g., 
“(y, y, y)” such as (0, 1, previous value), and may be a copy 
(e.g., a temporary or checkout copy) of the microcode itself 
such as for a Mult operation there is a speci?c microcode for 
the function. 

[0097] The template can be updated as the design speci 
?cation on a per-cycle basis. The HLLE updates the hard 
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Ware design language (e.g., source verilog) With the neW 
template data, and the model can be re-run to verify the 
results. 

[0098] With the template format, the ADC starts at the ?rst 
function boundary (e.g., in the exemplary inventive micro 
processor design, there are approximately 350 function 
templates; that is, approximately 26 microcode units multi 
plied by approximately 15-17 functions for each unit), and 
reads the current functional template (e.g., obtains the next 
opcode unit in step S42) from the source verilog. 

[0099] In step S43, a control signal is obtained from the 
opcode group, and in step S44 it is determined if the control 
signal is active. 

[0100] If the control signal is not active as determined in 
step S44, the process loops back to step S43 to obtain the 
next control signal from the opcode group. Ultimately, a 
control signal is found (either from the present opcode group 
or from the next opcode group(s)) Which is active. 

[0101] Then, in step S45 of FIG. 4A, the ?rst non-Zero 
value of the template is changed to be set to the previous 
cycle’s state of the control signal (e.g., active). Then, the 
Auto_Don’t_Care method searches the database (e.g., table, 
etc.), to locate all tests that have this function (e.g., the 
function of the control signal), and creates a test sWeep (e.g., 
as shoWn in step S46 described beloW). 

[0102] In this Way, the process modi?es the design so as 
to alWays set in the current cycle all control signals input to 
their active values. The purpose of such a step is ultimately 
to set the control bits of an opcode Which does not change 
(e.g., has no affect) to a “don’t care” value. 

[0103] Hence, the neW template (e. g., the modi?ed design) 
updates the temporary copy of the updated microcode func 
tion block, and then, as shoWn in step S46, a test sWeep is 
run With the previous state set for the one control signal 
being examined currently. 

[0104] As shoWn in step S47, if the test sWeep passes (e. g., 
does not fail), the control bit (e.g., control signal) is iden 
ti?ed/marked as a potential “don’t care” value. 

[0105] When the test sWeep is run, the HLLE modi?es the 
high level, and enables the logic that forces the previous 
signal feeding the logic to be in the true state to simulate a 
Worse case condition for that control bit. 

[0106] In steps S46 and S47, the HLLE examines and 
processes each control bit, setting each one individually, and 
running the test sWeep automatically, to keep (e.g., main 
tain), as they are, the control bits that are found to be “don’t 
care” and not setting function-critical signals. 

[0107] When the template has been fully sWept on a 
per-bit basis for all control bits of the control signals from 
an opcode group and When all opcode groups have been 
examined, then all valid “don’t care” bits are set to active, 
as shoWn in step S48 of FIG. 4B. 

[0108] Then, in step S49, the test sWeep is re-run again 
(e.g., a ?nal time) to ensure that there is no bit-to-bit 
interconnections Which may cause failures or the like in the 
design. Essentially, the regression is a list (or set) of archi 
tectural test cases Which are supplied to verify the micro 
processor design. If the results of the regression run in step 
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S49 indicate a “fail”, then debugging is performed (e.g., by 
the program or by a human designer). 

[0109] If a “pass” results from the regression, the process 
continues to step S50. In step S50, the function count is 
incremented by “1”, and the neW template is created, tests 
found, and the analysis is completed. 

[0110] Once the function count reaches the maximum 
value (e.g., representing that all functions have been exam 
ined), then every function type Will have been updated With 
the previous control signal, as shoWn in step S50. 

[0111] Then, all of the templates are executed on the 
microcodes together With each other. Again, the HLLE 
ensures that the previous control signals are alWays in the 
true state (e.g., overrides values). 

[0112] In step S51, a full regression analysis is executed to 
ensure that the opcode function still functions With the 
automatically-generated “don’t care” verilog (e.g., With the 
“don’t care bits set). As mentioned above, the regression is 
a list (or set) of architectural test cases Which are supplied to 
verify the microprocessor design. If the regression fails, then 
debugging by the designer (or automatically by the program) 
may be performed accordingly. 

[0113] Conversely, if the full sWeep again passes (as 
previously determined after step S49) even With the auto 
matically-generated “don’t care” values, then the neW ver 
ilog (e.g., the temporary copy of the opcode) becomes the 
of?cial release design, in step S52. Thus, if the regression 
result indicates a “pass”, then the master copy is updated 
based on the (new) temporary copy. 

[0114] Additionally, in step S52, the templates are printed 
in a readable format so that a complete documentation exists 
on a function-by-function basis of true “0s”, true “1s”, and 
previous “don’t care” function on a bit-by-bit basis. 

[0115] Thus, the second embodiment modi?es the design 
to alWays set in the current cycle all control signals input 
thereto, to an active value, and then the program automati 
cally starts setting one control bit/control signal at a time to 
?nd candidates for “Don’t Care” bits (e.g., maintaining 
previous cycles values so as to avoid node toggle). Speci? 
cally, the control signals are set to active, and a test case is 
run to ?nd candidate/potential “don’t care” bits (assuming 
the test case for the opcode group passes). 

[0116] Hence, the control signals are set to active, placed 
into a temporary data set, and a test case is run. If the opcode 
does not fail then the control signal is marked as a potential 
“don’t care” bit. This process continues for all control bits 
and then the test case is run again. Assuming another “pass”, 
all of the control bits (signals) in question are set to “don’t 
care” and the master copy is updated based on the temporary 
copy. 

[0117] Hence, in the second embodiment of the present 
invention, the “Auto Don’t Care” (ADC) method of updat 
ing the verilog (or VHDL) design performs an analysis and 
veri?cation far beyond a human designer’s capabilities. 
ADC maximiZes the amount of logic that can be connected 
to the previous state, and still ensure complete functionality. 
The end result is a signi?cant poWer savings on a global chip 
level. 

[0118] It is noted that the method of the second embodi 
ment may be implemented, for example, With the structure 
of FIGS. 3A-3C of the ?rst embodiment. 
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[0119] Hence, hitherto the present invention, power Was 
controlled on a full ON/full OFF type of mode. The ability 
to control the dynamic execution of logic did not exist prior 
to the present invention. With the invention, poWer alloca 
tion can be based on current the speci?c needs of portable 
personal computers (PCs). More particularly, allocation 
takes into consideration system needs and program execu 
tion. Hence, the present invention Will ?nd great bene?t in 
microprocessors. 

[0120] Thus, With the second embodiment of the present 
invention, a state machine control is performed such that 
every opcode sets the current cycle control bits based upon 
function and the prior opcode control signals. Akey aspect 
and objective of the second embodiment is to only change 
control signals Whenever con?ict exists and to do so auto 
matically. For state machine decode operation, the current 
opcode is decoded, required functions signals are set, exclu 
sive functions outside the current opcode are set to the 
previous state, and the results are latched. 

[0121] Hence, as compared to the conventional techniques 
Which require manual de?nition from the user’s speci?ca 
tion, Was error-prone and incomplete, the present invention 
is greatly superior. More speci?cally, comprehensive cov 
erage is provided, signi?cant poWer reduction is achieved, 
and design time is greatly reduced due to less debugging 
being required. 

[0122] Thus, the present invention tests the design With 
control signals of previous state to determine “don’t care” 
states, and the design can be modi?ed to minimize the state 
transitions of the control signals based on the previous 
control signals. Hence, the invention provides an easy-to 
read structure having easy engineering change and a ?exible 
format, and Which supports “Don’t Care” functions and 
complex instruction sets, With fast logic and loW poWer. 

[0123] Further, While the present invention has been 
described primarily in terms of softWare or softWare/hard 
Ware con?guration, the same or similar functions could be 
implemented in a dedicated hardWare arrangement. 

[0124] In addition to the hardWare/softWare environment 
described above, a different aspect of the invention includes 
a computer-implemented method for reducing poWer. As an 
example, this method may be implemented in the particular 
environment discussed above. 

[0125] Such a method may be implemented, for example, 
by operating a computer, as embodied by a digital data 
processing apparatus, to execute a sequence of machine 
readable instructions. These instructions may reside in vari 
ous types of signal-bearing media. 

[0126] Thus, this aspect of the present invention is 
directed to a programmed product, including signal-bearing 
media tangibly embodying a program of machine-readable 
instructions executable by a digital data processor to per 
form a method to perform a process of reducing poWer. 

[0127] This signal-bearing media may include, for 
example, a random access memory (RAM) such as for 
example a fast-access storage contained Within the com 
puter. Alternatively, the instructions may be contained in 
another signal-bearing media, such as a magnetic data 
storage diskette 500 shoWn exemplarily in FIG. 5, directly 
or indirectly accessible by the computer. 
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[0128] Whether contained in the diskette, the computer, or 
elseWhere, the instructions may be stored on a variety of 
machine-readable data storage media, such as DASD stor 
age (e.g., a conventional “hard drive” or a RAID array), 
magnetic tape, electronic read-only memory (e.g., ROM, 
EPROM, or EEPROM), an optical storage device (e.g., 
CD-ROM, WORM, DVD, digital optical tape, etc.), paper 
“punch” cards, or other suitable signal-bearing media 
including transmission media such as digital and analog and 
communication links and Wireless. In an illustrative embodi 
ment of the invention, the machine-readable instructions 
may comprise softWare object code, compiled from a suit 
able language. 

[0129] While the invention has been described in terms of 
several preferred embodiments, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the appended claims. 

What is claimed is: 
1. A microprocessor, comprising: 

a microcode unit for outputting control signals, for each 
of a plurality of instructions, required by said micro 
processor for executing said instructions, the micro 
code unit comprising: 

an instruction address input for receiving an instruction 
address; 

a control variable input for receiving a control variable 
corresponding to a current state of the microprocessor; 

a control signal input for receiving all the control signals 
output by the microcode unit for an immediately pre 
ceding instruction; and 

a plurality of embedded logic circuits each dedicated for 
evaluating one unique type of instruction received by 
the microcode unit. 

2. The microprocessor according to claim 1, Wherein each 
of the embedded logic circuits includes: 

a table for performing a table lookup in response to a 
received instruction; and 

a controller responsive to the control variable, the control 
signals for an immediately preceding instruction, and to 
the table lookup for controllably setting each of the 
control signals required by the microprocessor for 
executing said received instruction. 

3. The microprocessor of claim 2, Wherein the controller 
includes: 

means for setting a control signal to a “1” regardless of its 
immediately preceding value; 

means for setting a control signal to a “0” regardless of its 
immediately preceding value; and 

means for not modifying a control signal from its imme 
diately preceding value. 

4. The microprocessor of claim 3, Wherein the controller 
further includes: 

means for setting a control signal to a data state. 
5. Amethod of updating a design of a semiconductor chip 

at a hardWare design language level (HDL) of simulation, to 
maximiZe an amount of logic that can be set to a previous 
cycle state, comprising: 
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automatically reading and setting a value of control 
signals on a per-cycle basis in a template and updating 
the HDL design With neW data; 

changing a ?rst predetermined value of the template to be 
set With the previous state of the control signal; and 

executing a test sWeep to determine a “don’t care” state of 
the control signals. 

6. The method according to claim 1, further determining 
Which of the control signals are not to be modi?ed for each 
instruction. 

7. The method according to claim 5, Wherein said ?rst 
predetermined value comprises a ?rst non-Zero value. 

8. The method according to claim 5, Wherein said “don’t 
care” state indicates a state at Which a respective control 
signal of said control signals maintains a value from its 
previous cycle. 

9. A microcode unit in a microprocessor, for outputting 
control signals, for each of a plurality of instructions, 
required by said microprocessor for executing said instruc 
tions, the microcode unit comprising: 

an instruction address input for receiving an instruction 
address; 

a control variable input for receiving a control variable 
corresponding to a current state of the microprocessor; 

a control signal input for receiving all the control signals 
output by the microcode unit for an immediately pre 
ceding instruction; and 

a plurality of embedded logic circuits each dedicated for 
evaluating one unique type of instruction received by 
the microcode unit. 

10. A microprocessor for a portable computer, for reduc 
ing poWer consumption, comprising: 

a plurality of microcode units, said microcode units for 
outputting control signals, for each of a plurality of 
instructions, required by said microprocessor for 
executing said instructions; 

means for maintaining selected control signals to values 
the same as in an immediately previous instruction 
cycle; and 

means for passing a control variable to one of the micro 
code units. 

11. The microprocessor of claim 10, further comprising 
embedded logic in the microcode units for testing for 
conditions of a respective opcode of an instruction. 

12. A microprocessor system for reducing poWer con 
sumption, comprising: 

a plurality of microcode units each for receiving an 
instruction, each of said microcode units decoding said 
instruction to determine an instruction type, setting a 
value of each control signal Within the microcode unit 
associated With the instruction, 

Wherein values set are one of “0”, “1”, or maintaining a 
previous value, and 

Wherein only control signals required for a function of an 
opcode of the instruction are changed, such that each 
opcode is a function of an immediately previous 
opcode, Wherein the control signals for each unit are 
changed only When their function interferes With the 
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current opcode being executed, Wherein embedded 
logic is included Within the microcode and represents 
conditional checks for a particular opcode, Where 
depending upon the value being set, the value is set 
table to different values; and 

a set of logic trees for recombining the control signals and 
performing a logic operation on the control signals to 
produce a single ?nal control signal. 

13. The microprocessor according to claim 12, Wherein 
the control signals are passed to the microcode unit are 
re-combined to form a single set of control signals, each of 
the microcode units have their oWn set of control signals. 

14. The microprocessor according to claim 12, further 
comprising a latch for latching a single ?nal control signal. 

15. A method of reducing poWer in a portable micropro 
cessor, including: 

obtaining an opcode group and obtaining a control signal 
therefrom; 

determining Whether said control signal is active; 

if said control signal is determined to be active, setting the 
control signal to active; 

running a test case for the opcode group to determine 
Whether the opcode passes; and 

if said opcode group passes, marking the control signal. 
16. The method according to claim 15, further including: 

determining Whether any other control signals exist for 
the opcode group; 

When no more control signal exists, obtaining a next 
opcode group and testing and determining Whether 
control signals of said next opcode should be marked; 
and 

When no more opcode groups exist, setting all marked 
control signals to active and executing a regression 
analysis thereon. 

17. The method according to claim 16, further compris 
ing: 
When said regression analysis fails, performing debug 

ging; 
When said regression analysis passes, setting all marked 

signals to their previous states and executing another 
regression analysis thereon; 

When said another regression analysis fails, performing 
debugging; and 

When said another regression analysis passes, performing 
checking in the unit. 

18. Amethod of creating a state machine control logic for 
a microprocessor, comprising: 

providing a template for every function type Within the 
microprocessor, said template being updated as s 
design speci?cation on a per-cycle basis; 

at a ?rst function boundary, reading a current functional 
template from a hardWare design language level; 

obtaining a control signal from an opcode group, and 
determining Whether the control signal is active; 

if the control signal is not active, obtaining a next control 
signal from the opcode group, and if the control signal 



US 2001/0009028 A1 

is active, selecting a ?rst non-Zero value of the template 
and changing the ?rst non-Zero value to be set to the 
previous state of the control signal; 

searching a data base to locate all tests that have a 
function of said control signal and creating a test 
sWeep; 

updating by a neW template, a temporary copy of the 
updated microcode function block; 

running the test sWeep With the previous state set for the 
one control signal; and 

if the test sWeep passes, marking the control bit as a 
potential “don’t care” value. 

19. The method according to claim 18, further compris 
ing: 

examining and processing each control signal, setting 
each one individually, and running a test sWeep auto 
matically, to maintain the control signals found to be 
“don’t care” and not setting function-critical signals; 

after the template is fully sWept on a per-bit basis and 
When all opcode groups are examined, setting all valid 
“don’t care” bits; 

re-running the test sWeep to ensure that there is no 
bit-to-bit interconnections; 

incrementing the function count, and creating a neW 
template; ?nding tests, and completing analysis; 

upon the function count reaching a maximum value, every 
function type being updated With the previous control 
signal; 

executing all templates on the microcodes together With 
each other.; 

executing a full regression to ensure that the opcode 
function still functions With the automatically-gener 
ated “don’t care” verilog, and performing debugging if 
the regression fails; 

if the full regression passes, then designating the neW 
verilog as an of?cial release design, and printing the 
templates in a readable format so that a complete 
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documentation exists on a function-by-function basis 
of true “0s”, true “1s”, and previous “don’t care” 
function on a bit-by-bit basis. 

20. A method of providing a state machine decoding, 
comprising: 

decoding a current opcode to provide a decode; 

setting required functions signals; 

setting exclusive functions outside of the current opcode 
to a previous state; and 

latching results of the decode. 
21. A signal-bearing medium tangibly embodying a pro 

gram of machine-readable instructions executed by an appa 
ratus to perform a method of updating a design of a 
semiconductor chip at a hardWare design language level 
(HDL) of simulation, to maximiZe an amount of logic that 
can be set to a previous cycle state, said method comprising: 

automatically reading and setting a value of control 
signals on a per-cycle basis in a template and updating 
the HDL design With neW data; 

changing a ?rst predetermined value of the template to be 
set With the previous state of the control signal; and 

executing a test sWeep to determine a “don’t care” state of 
the control signals. 

22. A signal-bearing medium tangibly embodying a pro 
gram of machine-readable instructions executed by an appa 
ratus to perform a method of reducing poWer in a portable 
microprocessor, said method including: 

obtaining an opcode group and obtaining a control signal 
therefrom; 

determining Whether said control signal is active; 

if said control signal is determined to be active, setting the 
control signal to active; 

running a test case for the opcode group to determine 
Whether the opcode passes; and 

if said opcode group passes, marking the control signal. 

* * * * * 


