
3,)<_. 
- ····--·-·-·· --- -- • .;t."' ·- -·· • 

·'i 
I 

1 
HL45517 

Data Pipeline System and Data Encoding Method 

This invention relates to a pipeline of processing 

stages and storage elements and also relates to a method 
for encoding data within the pipeline. 

Increasing the rate at which digital data can be 

processed is an important goal in almost every analog and 

digital design. One known structure for data processing 
. is commonly referred to as a "pipeline" • In a typical 

pipeline structure, data is received at a first processing 

station or stage and is passed in a predetermined order to 

subsequent stages in the pipeline. Each pipeline stage 

·· . may either process the data or simply act as a conduit and 

pass it on during the next clock cycle of the pipeline. 

Existing pipelines, however, are typically "rigid 11 
, 

so that a delay in one stage of the pipeline causes the 
entire pipeline to stop; the pipeline must wait until the 

busy stage has completed its task. Since the entire 

pipeline is stopped, all of the processing stages except 

the one which is being waited on cannot process data 

(beyond completing whatever processing they have in hand 

that does not require data transfers from the preceding 
stage or to the succeeding stage). In many applications 

there are several stages in the pipeline that cannot at 

one time or another proceed and will therefore halt the 
pipeline. As a result, there is a tendency for these 

various processing stages to take turns at processing d~ta 

rather than to work simultaneously on different data in 

the pipeline. This means. that it is possible that much of 

the potential processing resource that is provided in the 

pipeline is wasted because each processing stage spends a 

significant amount of time waiting for other stages. 

Ideally, all of the processing stages would spend all of 
their time processing data. 
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As one example, in many digital television systems, 
such as the Digital High Definition TV (HDTV) that is 
expected to replace existing analog technology, the data 
rate required for transmission is reduced by avoiding the 

5 transmission of redundant information. Methods for 
accomplishing this typically utilize many techniques in 
·concert; it is common for one of these to be the well 

. known technique of entropy coding. In such a system, the 
television picture is processed into a series of symbols 

10 that can be reconstructed (using suitable algorithms 
embodied in the television receiver) into the picture that 
will be displayed on the receiver's display device. In 
order to transmit these symbols from the transmitter to 
the receiver, each symbol is assigned a unique digital 

15 code that identifies it. These digital codes may then be 
transmitted and received using known techniques for the 
transmission of digital data. 

According to the technique of entropy coding these 
digital codes are of variable length and are assigned to 

20 the symbols they represent with the intention that the 
most commonly occurring symbols are represented by the 
shortest codes. In this way, the majority of the symbols 
that are transmitted are short and require little time for 
transmission compared to the longer codes that are not 

25 often transmitted. 

In the television receiver there will be many 
processing tasks that must be performed one after another 
to reconstruct the television picture prior to display. 
For example, one of these tasks will be the decoding of 

30 the entropy coded data just 
symbols that it represents. 

described into the stream of 
This data will then usually 

be written into a digital memory device, possibly after 
further processing stages. The data that is written into 
the memory device may be a direct digital representation 

35 of the decoded picture or, more likely, a partially 
decoqed representation requiring further processing before 
the picture is completely decoded. In either case there 

·······---~--' 
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is a pipeline of processing stages, one of which is the 

entropy decoder, and the data arriving at the end of the 

processing pipeline is written into the digital memory. 

In such a pipeline there are at least two stages that 

5 may hold up the processing of the pipeline. The entropy 

decoder, ·for example, will take a variable amount of time 

to decode the symbols because the digital codes that 

represent those symbols are of variable length. The 

digital memory device may also hold up the data because it 

10 will not always be possible to write data into the memory 

as soon as it is received from the pipeline; the memory 

device will typically be a shared resource with other 

processes making demands upon it. At the very least there 

must be something taking data out of the memory again for 

15 display or further processing. 

In a rigid pipeline scheme, when the entropy decoder 

is unable to pass decoded symbols onto the succeeding 

stage in the pipeline, all of the subsequent pipeline 

stages must wait for it; the digital memory device will 

20 then be unable to write any data into the memory because 

it will not be receiving data from the previous stage. 

similarly, when the digital memory device cannot write 

data that it receives into the memory (because it is busy 

doing some other function) then the whole pipeline must 

25 stop. In this case, _the entropy decoder cannot proceed 

once it has completed decoding the symbol that it has 

started to decode because it will be unable to pass this 

symbol on to its succeeding stage in the pipeline. 

Another drawback of existing data pipelines is that 

30 whenever one stage in the pipeline is delayed, 

corresponding control signals must be propagated all the 

way back through earlier stages to the initial pipeline 

stage in order to prevent further processing until the 

active stage has completed its task. If it were a stage 

35 close to the end of a pipeline that was delayed, this 

control signal would have to propagate back through most 

of the earlier pipeline stages. In a pipeline consisting 

lii1iiMf 
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of any signif ibant number of stages it would be extremely 

difficult to design circuitry capable of the . required 

speed of operation to make such a propagation possible. 

Similarly, in a rigid pipeline, it is also necessary to 

propagate control signals forward so that all subsequent 

stages also stpp when a pipeline stage is delayed. 

In many pipeline systems there is only one type of 

data that is processed by each given stage. In such a 

system each pipeline stage receives data from the previous 

stage assuming that it is the correct type of data for the 

processing it is going to perform. After processing the 

data it passes it on to the subsequent stage, which again 

assumes that it is of the correct type for its own 

processing. In many cases it is advantageous to use an 

encoding method for the data in the pipeline such that 

many different types of data may be introduced. Many such 

data encoding methods are known. Typically, data is 

divided· into some sort of "packets", each of which 

includes information that describes the sort of data 

included in the remainder of the packet. 

Various aspects of the invention are exemplified by 

the attached claims. 

According to another aspect of the invention, a 

pipeline for processing data includes a plural! ty of 

sequential pipeline stages, each of which has a data input 

and a data output, the data -'?utput of each stage being 

connected to the data input of the following stage and 

each stage also having a storage unit for data and also 

for a signal indicating the validness of the data 

contained in the stage. The storage units also have a 

means that enables them to be loaded. Various embodiments 

of this aspect also include acceptance circuitry, with a 

data acceptance signal being passed from each stage to a 

preceding stage. 

According to one.aspect of at least one embodiment, 

the acceptance signal is used to inhibit or enable loading 

of data and the validation signal. Input data may thereby 



····-·· ... ( -··· ----~·-· -·-

5 

be loaded into any given pipeline stage when the 

acceptance signal passing from that stage to the preceding 

stage is in the affirmative state. Similarly, the 

validation signal at the input to a pipeline stage may be 

loaded into the pipeline stage if the acceptance signal 

passing f rorn that stage to the preceding stage is in the 

affirmative state. The acceptance signal of each stage 

may be set to indicate readiness to accept data when the 

current stage does not contain valid data, or when the 

following stage indicates its readiness to accept data. 

Data may then be transferred into each stage that signals 

readiness to accept. 

In a preferred embodiment, the data and the 

validation signal are loaded into each stage at the same 

time. Also in that embodiment, each pipeline stage 

includes an auxiliary data storage unit. If the pipeline 

stage contains valid data it will indicate to the 

preceding stage its readiness to load new data in 

anticipation of being able to pass the valid data that it 

already contains onto the subsequent stage. If it is then 

unable to pass this data on to the succeeding stage, it 

will load the new data (assuming that it is valid data), 

arriving from the previous stage, into the auxiliary data 

storage unit. It will then signal to the previous stage 

that it is no longer ready to load new data. This 

situation will continue until such time as the original 

valid data is passed on to the subsequent stage and the 

new data in the auxiliary storage unit has been 

transferred into the· original storage unit (thus freeing 

up the auxiliary storage until which is then available if 

the situation described here should occur again). 

According to still another aspect of at least one 

preferred embodiment, each stage also includes a storage 

unit for the acceptance signal passed from the following 

stage. Transfer of the acceptance signal is limited to 

the nearest preceding neighbor. 
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According to yet another aspect of at least one 

preferred embodiment, the pipeline includes a multi-phase 

clock, whereby loading of primary and auxiliary storage 

units takes place on different phases. 

Predetermined processing circuitry may also be 

included in any or all of the pipeline stages. This 

circuitry may prscess not only the data pass.ad from the 

preceding stage, but also the validation and acceptance 

signals. The proce$sing circuitry may also create or 

delete data, and it may also accept data and control 

soignals from without the pipeline. In some specific 

embodiments of the invention, the processing circuitry in 

any or all of the stages may have both an inactive mode, 

in which data is simply passed on to the following device 

or pipeline stage, and one or more active modes, in which 

the data or other signals are processed. 

In this embodiment, predetermined ones of the 

pipeline stages include data decoding circuitry, whereby 

the processing circuitry of each pipeline stage enters 

the active modes only when the input data and/or other 

signals connected to the decoding circuitry have one of a 

a predetermined set of stage activation patterns. 

According to yet another aspect of another embodiment 

of the invention, stages are further connected via an 

extension bit line that conveys an extension bit ~hat is 

transmitted in addition to data words in order to gr~up 

data words into data blocks. Each stage thereby includes 

latches for loading the present and previous value of the 

extension bit and acts as a state machine to manipulate 

·and pass on data based on transitions in the extension 

bit. 

Other aspects of the invention also encompass a 

method for encoding data into the data stream: data is 

blocked into data words, with each word having an 

associated extension bit. A field of address bits is 

inserted in the first data words in a transmitted block, 

followed by data that is to be processed by one or more 

.. •' . ·' · ... ··.·. 



,,-. 
.. i 

\ ... · 

7 

f 
; 

stages that are activated by the pattern of address bits. 

The address field is preferably encoded using a Huffman 

code. 

A data pipeline system according to one or more of 

the aspects of the invention has, in preferred 

embodiments, ·one or more of the following characteristics: 

1. The pipeline is '"elastic" such that a delay at 

a given pipeline stage causes the minimum disturbance 

possible to other pipeline stages. Succeeding pipeline 

stages may be allowed to continue processing and this will 

mean that gaps open out in the stream of data after the 

delayed stage. Similarly, preceding pipeline stages may 

also continue where possible and in this case any gaps in 

the stream of data may, wherever possible, be removed from 

the stream of data. 

2. Control signals that arbitrate the pipeline may 

be organized so that they only ever propagate to the 

nearest neighboring pipeline stages. In the case of 

signals flowing in the same direction as the data flow, 

this will be the immediately succeeding stage. In the 

case of signals flowing in the opposite direction to the 

data flow, this will be the immediately preceding stage. 

3. The data in the pipeline may be encoded such 

that many different types of data can be processed in the 

pipeline. This encoding may accommodate data packets of 

variable size and the size of the packet should not need 

to be known in advance. 

4. The overhead associated with describing the type 

of data can be as small as possible. 

5. It may ~e possible for each pipeline stage to 

recognize only the minimum number of data types that are 

needed for its required function. It should still, 

however, be able to pass all data types onto the 

succeeding stage even though it does not recognize them; 

this would enable communication between non-adjacent 

pipeline stages. 
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For a bett~t understanding of the invention and to 

show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompanying 

drawings, in which: 
Fig. 1 illustrates six cycles of a six-stage pipeline 

for different combinations of two internal control 

signals; 
Figs. 2a and 2b illustrates a pipeline in which each 

stage includes auxiliary data storage, and it also shows 
the manner in which pipeline stages can 11 compress 11 and 
"expand" in response to delays in the pipeline; 

Figs. 3a( 1) ,. 3a( 2), 3b( 1) and 3b( 2) illustrate the 

control of data transfer between stages of a preferred 
embodiment of a pipeline using a two-wire interface and a 

multi-phase clock; 
Fig. 4 is a block diagram that illustrates a basic 

embodiment of a pipeline stage that incorporates the two­

wire transfer control according to the pref erred 
embodiment of the invention;two consecutive pipeline 
processing stages and the two-wire transfer control 

according to the invention; 

Figs. Sa and Sb together are an example of a timing 

diagram that shows the relationship between timing 

signals, input and output data, and internal control 

signals used in the pipeline stage shown in Fig. 4; 
Fig. 6 is a block diagram of an example of a pipeline 

stage according to the invention that holds its state 
under the control of an extension bit; 

Fig. 7 is a block diagram of a pipeline stage that 

decodes stage activation data words; 
Figs. Ba and 8b together form a block diagram showing 

the use of the two-wire transfer control according to the 
invention in an exemplifying "data duplication" pipeline 

stage; and 
Figs. 9a and 9b taken together are an example_ of a 

timing diagram that shows the two-phase clock, the 

two-wire transfer control signals and other internal data 
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and control signals used in the exemplifying embodiment 

shown in Figs. Sa and Sb. 

As an introduction to the most general features used 

in the pre·ferred embodiments of the invention, Fig. 1 is 

a greatly simp~if:i,ed illustration of ~ix cycles of a 

six-stage pipeline• (As is explained in greater detail 

below, the preferred embodiment of the invention includes 

several advantageous features not shown in Fig. 1.) 

In Fig. 1, each row of boxes illustrates a cycle and 

the different stages are labelled A-F. Each shaded box 

indicates that the corresponding stage holds valid data, 

that is data that is to be processed in one of the 

pipeline stages. After processing (which may involve 

nothing more than a simple transfer without manipulation 

of the data) valid data is transferred out of the pipeline 

as valid output data. 

Note that an actual pipeline application may include 

more or fewer than six pipeline stages. The invention may 

be used for any number of pipeline stages. Furthermore, 

data may be processed in more than one stage and 

processing time for different stages will normally differ, 

although this is not necessary. 

In addition to clock and data signals (described 

below), the pipeline includes two transfer control signals 

-- a "VALID" signal and an "ACCEPT" signal -- to control 

the transfer of data within the pipeline. The VALID 

signal, which is illustrated as the upper of two lines 

connecting neighboring stages, is passed in a forward or 

downstream direction from each pipeline stage to the 

nearest neighboring device, which may be another pipeline 

stage or some other system; for example, the last pipeline 

stage may pass its data on to subsequent processing 

circuitry. The ACCEPT signal, which is illustrated as the 

lower of two lines connecting neighboring stages, passes 

in the other direction upstream to a preceding device. 
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Although not shown in Fig. 1, data lines, either 

single lines or several parallel lines forming a data bus, 

also lead into and out of each pipeline stage. As is 

explained and illustrated in greater detail below, data is 

5 transferred into, out of, and between the stages of the 

pipeline over the data lines. 

Note that the first pipeline stage may either receive 

data and control signals from any form of preceding 

device, (for example, reception circuitry of a digital 

10 image transmission system, another pipeline, etc.), or it 

may itself generate all or part of the data to be 

processed in the pipeline. Indeed, as is explained below, 

a "stage" may contain arbitrary processing circuitry, 

including none at all (for simple passing on of data) and 

15 entire systems (for example, another pipeline or even 

multiple systems or pipelines), and it may generate, 

change, and delete data as desired. 

When a pipeline stage contains valid data that is to 

be transferred down the pipeline, the VALID signal, which 

20 indicates data validity, need not be transferred farther 

than to the immediately fol lowing pipeline stage. A 

two-wire interface is therefore included between every 

pair of pipeline stages in the system (and between a 

preceding device and the first stage, and between a 

25 fo_llowing device and the last stage, if such other devices 

are included and data is to be transferred between them 

and the pipeline). 

Each of the signals ACCEPT and VALID has a HIGH and 

a LOW value; these values are abbreviated as "H" and "L", 

30 respectively. The most common applications of the 

pipeline according to the invention will typically be 

digital; in such digital implementations, the HIGH value 

may, for example, be a logical 11 1 11 and the LOW value may 

be the logi~al "O". The invention is not restricted to 

35 digital implementations, however, and in analog 

implementations, the HIGH value may be a voltage or other 

similar quantity above (or below) a set threshold, with 
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the LOW value being indicated by the corresponding signal 
being below (or above) the same or some other threshold. 

For digital applications, the invention may be implemented 
using any known technology, such as CMOS, bipolar, etc. 

5 It is not necessary according to this invention for 
a distinct storage device and wires to be provided for 
storage of VALID signals even in a digital embodiment. 
All that is requirement is -that the notion of "validity" 
of the data be stored along with the data. By way of 

10 example only, in digital television pictures that are 
represented by digital values as specified in the 
international standard CCIR 601, certain specific values 
are not allowed. In this system, eight-bit binary numbers 
are used to represent samples of the picture and the 

15 values zero and 255 may not be used. 

If such a picture were to be processed in a pipeline 
built according to this invention then one of these values 
(zero, for example) could be used to mean that the data in 
a specific stage in.the pipeline is not valid; thus any 

20 non-zero data would be deemed to be valid. In this 
example, there is no specific distinct latch that can be 
identified and said to be storing the "validness" of the 
associated data; nonetheless the validity of the data is 
stored along with the data. 

25 In Fig. 1, the state of the VALID signal into each 
stage is indicated as an "H" or an "L" on an upper, right­
pointing arrow. The VALID signal from stage A into stage 
B is thus LOW, and the VALID signal from Stage D into 
Stage E is HIGH. The state of the ACCEPT signal into each 

30 stage is indicated as an "H" or an "L" on a lower, left­
pointing arrow. The ACCEPT signal from Stage E into Stage 
D is thus HIGH, whereas the ACCEPT signal from the device 
connected downstream of the pipeline into Stage F is LOW. 

Data is transferred from one stage to another during 
35 a cycle (explained below) whenever the ACCEPT signal of 

the downstream stage into its upstream neighbor is HIGH. 
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If the ACCEPT signal is LOW between two stages, then data 

is not transferred between these stages. 

In Fig. 1, if a box is shaded, the corresponding 

pipeline stage is assumed, by way of example, to contain 

5 valid output data and the VALID signal from that stage 

into the following stage is HIGH. Fig. 1 illustrates the 

pipeline when stages B, D, and E contain valid data. 

Stages· A, c, and F do not contain valid data. At the 

start, the VALID signal into pipeline stage A is HIGH, 

10 meaning that the data on the transmission line into the 

pipeline is valid. 

Also at this time, the ACCEPT signal _into pipeline 

stage F is LOW, so that no data, whether valid or not, is 

transferred out of Stage F. Note that both valid and 

15 invalid data is transferred between pipeline stages. 

Invalid data, which i"s data not worth saving, may be 

written over (thereby eliminating it from the pipeline), 

whereas valid data must not be written over since it is 

data that must be saved for processing or use in a 

20 downstream device (such as a pipeline stage or a device or 

system connected to the pipeline and receives data from 

the pipeline). 

In the pipeline illustrated in Fig. 1, Stage E 

contains valid data Dl, Stage O contains valid data 02, 

25 Stage B contains valid data D3, and a device (not shown) 

connected to the pipeline upstream contains data 04 that 

is to be transferred into and processed in the pipeline. 

Stages B, D, and E, as well as the upstream device, 

contain valid data and the VALID signal from these stages 

30 or devices into the respective following devices is 

therefore HIGH. The VALID signal from the Stages A, c, 
and F is, however, LOW since these stages do not contain 

valid data. 

Assume now that the device connected downstream from 

35 the pipeline is not ready to accept data from the 

pipeline. It signals this by setting the corresponding 

ACCEPT signal LOW into Stage F. Stage F itself, however, 
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does not contain valid data and is therefore able to 
accept data from the preceding Stage E. The ACCEPT signal 
from Stage F into Stage E is therefore set HIGH. 

Similarly, although Stage E contains valid data, 
5 stage F is ready to accept this data, so that Stage E 

itself also can accept new data as long as the valid data 
01 is first transferred to stage F. In other words, 
although Stage F cannot transfer data downstream, all the 
other stages can do so· without any valid data being 

10 overwritten and lost. ·At the end of Cycle 1, data can 
therefore be "shifted" one step to the right. This 
condition is shown in Cycle 2. 

In the illustrated example, the downstream device is 
still not ready to accept new data in Cycle 2 so that the 

15 ACCEPT signal into Stage F is still LOW. Stage F cannot, 
therefore, accept new data since doing so would cause 
valid data Dl to be overwritten and lost. The ACCEPT 
signal from stage F into Stage E therefore goes LOW, as 
does the ACCEPT signal from stage E into Stage O, since 

20 stage E also contains valid data 02. All of the Stages 
A-D, however, are able to accept new data {either because 
they do not contain valid data or because they are able to 
shift their valid data downstream and accept new) and they 
signal this condition to their immediately preceding 

25 neighbors by setting their corresponding ACCEPT signals 
HIGH. 

The state of the pipelines after Cycle 2 is 
illustrated in Fig. 1 for the row labelled Cycle 3. By 
way of example, it is assumed that the downstream device 

30 still is not ready to accept new data from stage F (the 
ACCEPT signal into Stage F is ·LOW). Stages E and F 
therefore still are "blocked", but in Cycle 3, stage D has 
received the valid data 03, which overwrote the invalid 
data that was previously in this stage. Since Stage D 

35 cannot pass on data 03 in Cycle 3, it cannot accept new 
data and therefore sets the ACCEPT signal into Stage C 
LOW. stages A-C are, however, ready to accept new data 

.. --
' 
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and signal this by setting their corresponding ACCEPT 

signals HIGH. Note that data 04 has been shifted from 

Stage A to Stage B. 

Assume now that the downstream device becomes ready 

5 to accept new data in cycle 4. It signals this to the 

pipeline by setting the ACCEPT signal into Stage F HIGH. 

Although Stages c-F contain valid data, they can now shift 

the data downstream and are thus able to accept new data. 

since each stage is therefore able to shift data one step 

10 downstream, they set their respective ACCEPT signals out 

HIGH. 

As long as the ACCEPT signal into the final pipeline 

stage (in this example, Stage F) is HIGH, the pipeline 

shown in Fig. 1 thus acts as a rigid pipeline and simply 

15 shifts data one step downstream on each cycle. 

Accordingly, in Cycle 5, data Dl, which was contained in 

stage F in Cycle 4, is shifted out of the pipeline to the 

following device, and all other data is shifted one step 

downstream. 

20 Assume now that the ACCEPT signal into Stage F goes 

LOW in Cycle 5. Once again, this means that Stages D-F 

are not able to accept new data, and the ACCEPT signals 

out of these stages 

neighbors also go LOW. 

into their immediately preceding 

The data 02, 03 and 04 therefore 

25 cannot shift downstream, although the data D5 can. The 

corresponding state of the pipeline after Cycle 5 is thus 

shown in Fig. 1 as Cycle 6. 

The ability of the pipeline according to the 

preferred embodiments of the invention to "fill up11 empty 

30 processing stages is highly advantageous since the 

processing stages in the pipeline thereby become decoupled 

from one another. In other words, even though a pipeline 

stage may not be ready to accept data, the entire pipeline 

does not have to stop and wait for the delayed stage. 

35 Rather, when one stage is not able to accept valid data it 

simply forms a temporary "wall" in the pipeline; stages 

downstream of the "wall" can continue to advance valid 
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data even to the circuitry connected to.the pipeline, and 

stages to the left of the "wall" stage can still accept 

and transfer valid data downstream. Even when several 

pipeline stages temporarily cannot accept new data, other 

5 stages can continue to operate normally. In particular, 

the pipeline can continue to accept data into its initial 

stage A as long as stage A does not already contain valid 

data that cannot be advanced due to the next stage not 

being ready to accept new data. As this example 

10 illustrates, data can be transferred into the pipeline and 

between stages even when one or more processing stages is 

blocked. 

In the embodiment of the invention shown in Fig. 1, 

it is assumed that the various pipeline stages do not 

15 store the ACCEPT signals they receive from their 

immediately following neighbors; instead, whenever the 

ACCEPT signal into a downstream stage goes LOW, this LOW 

signal is propagated upstream as far as to the nearest 

pipeline stage that does not contain valid data. For 

20 example, referring to Fig. 1,· it was assumed that the 

ACCEPT signal into stage F goes LOW in Cycle 1. In Cycle 

2, the LOW signal propagates from Stage F back to Stage O. 

In cycle 3, when the data DJ is latched into Stage D, 

the ACCEPT signal propagates upstream four stages to Stage 

25 c. When the ACCEPT signal into Stage F goes HIGH in Cycle 

4 1 it must propagate upstream all the way to Stage c; in 

other words, the change in the ACCEPT signal must 

propagate back four stages. It is not necessary, however, 

in the embodiment illustrated in Fig. 1 for the ACCEPT 

30 signal to propagate all the way back to the beginning of 

the pipeline if there is some intermediate stage that is 

able to accept new data. 

In the embodiment illustrated in Fig. 1, each 

pipeline stage will still need separate input and output 

35 data latches in order to allow data to be transferred 

between stages without unintended overwriting. Also, 

although the pipeline illustrated in Fig. 1 is able to 
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"compress" when downstream pipeline stages are blocked 
(cannot pass on the data they contain), the pipeline does 
not "expand" to create stages that do not contain valid 
data between stages that contain valid data. Rather, the 

5 ability to compress depends on there being cycles during 
which no valid data is presented to the first pipeline 
stage. 

In cycle 4, for example, if the ACCEPT signal into 
stage F remained LOW and valid data filled pipeline stages 

10 A and B, as long as valid data continued to be presented 
to Stage A the pipeline would not be able to compress any 
further and valid input data could be lost. Nonetheless, 
the pipeline illustrated in Fig. 1 reduces the risk of 
data loss since it is able to compress as long as there is 

15 some pipeline stage that does not contain valid data. 
Fig. 2 illustrates an embodiment of the invention 

that can both compress and expand in a logical manner and 
which includes circuitry that limits propagation of the 
ACCEPT signal to the nearest preceding stage. Although 

20 the circuitry for implementing this embodiment is 
explained and illustrated in greater detail below, Fig. 2 
serves to illustrate the principle by which it op~rates. 

For ease of comparison only, the input data and 
25 ACCEPT signals into the pipeline embodiment shown in Fig. 

2 are the same as in the pipeline embodiment shown in Fig. 
1. Accordingly, stages E, D, and B contain valid data Dl, 
02, and 03, respectively; the ACCEPT signal into Stage F 
is LOW; and data 04 is presented to the beginning pipeline 

30 Stage A. In Fig. 2, three lines are shown connecting each 
neighboring pair of pipeline stages. The uppermost line, 
which may be a bus, is a data line; the middle line is the 
line over which the VALID signal is transferred; and the 
bottom line is the line over which the ACCEPT signal is 

35 transferred. Also as before, the ACCEPT signal into Stage 
F remains LOW except in Cycle _4. Furthermore, additional 
data OS is presented to the pipeline in cycle 4. 
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In Fig. 2, each pipeline stage is represented as a 

block divided into two halves to illustrate that each 

stage in this embodiment of the pipeline includes primary 

and secondary data storage elements. In Fig. 2, the 

s primary data storage is shown as the right half of each 

stage, although this is for purposes of illustration only. 

As Fig. 2 illustrates, as long as the ACCEPT signal 

into a stage is HIGH, data is transferred from the primary 

storage elements of the stage to the secondary storage 

10 elements of the following stage during any given cycle. 

Accordingly, although the ACCEPT signal into Stage F is 

LOW, the ACCEPT signal into all other stages is HIGH so· 

that the data 01, 02, and 03 is shifted forward one stage 

in cycle 2 and the data 04 is shifted into the first Stage 

15 A. 

Up to this point, the pipeline embodiment shown in 

Fig. 2 therefore acts in a manner similar to the pipeline 

embodiment shown in Fig. 1. The ACCEPT signal from Stage 

F into Stage E, however, is HIGH even .though the ACCEPT 

20 signal into Stage F is LOW. As is explained below, 

because of the secondary storage elements, it is not 

necessary for the LOW ACCEPT signal to propagate upstream 

beyond Stage F. By leaving the ACCEPT signal into Stage 

E HIGH, moreover, Stage F signals that it is ready to 

25 accept new data. Since Stage F. is not able to transfer 

the data 01 in its primary storage elements downstream 

(the ACCEPT signal into Stage Fis LOW), in Cycle 3, Stage 

E therefore transfers the data D2 into the secondary 

storage elements of Stage F. Since both the primary and 

30 the secondary storage elements of Stage F then contain 

valid data that cannot be passed on, the ACCEPT· signal 

from Stage F into Stage E is set LOW -- this represents a 

propagation of the LOW ACCEPT signal back only one stage 

relative to Cycle 2, whereas this ACCEPT signal had to be 

35 propagated back all the ·way to Stage .C in ·the embodiment 

shown in Fig. 1. 

-----
' 
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Since Stages A-E are able to pass on their data, the 

ACCEPT signals from the stages into their immediately 

preceding neighbors are_set HIGH. Consequently, the data 

03 and 04 are shifted one stage to the right so that, in 

5 cycle 4, they are loaded into the primary data storage 

elements of stage E and Stage C, respectively. Although 

stage E now contains valid data 03 in its primary storage 

elements, its secondary storage elements can still be used 

to store other data without risk of overwriting any valid 

10 data. 

Assume now as before that the ACCEPT signal into 

stage F becomes HIGH in Cycle 4. This indicates that the 

downstream device to which the pipeline passes data is 

ready to accept data from the pipeline. Stage F, however, 

15 has set its ACCEPT signal LOW and thus indicates to Stage 

E that Stage F is not prepared to accept new data. 

Observe that the ACCEPT signals for each cycle indicate 

what will "happen" in the next cycle, that is, whether 

data will be passed on {ACCEPT HIGH) or whether data must 

20 remain in place {ACCEPT LOW) . From cycle 4 to Cycle 5 the 

data 01 is therefore passed from stage F to the following 

device, the data 02 is shifted from secondary to primary 

storage in Stage F, but the data 03 in Stage E is not 

transferred to Stage F. The data 04 and 05 can be 

25 transferred into the following pipeline stages as normal 

since the following stages have their ACCEPT signals HIGH. 

Comparing the state of the pipeline in cycle 4 and 

Cycle 5, it can be seen that the provision of secondary 

storage elements enables the pipeline embodiment shown in 

30 Fig. 2 to expand, that is, to free up data storage 

elements into which valid data can be advanced. For 

example, in Cycle 4, the data blocks 01, D2, and 03 form 

a "solid wall" since their data cannot be transferred 

until the ACCEPT signal into Stage F goes HIGH. Once this 

35 signal does become HIGH, however, data 01 is shifted out 

of the pipeline, data 02 is shifted into the primary 

storage elements of Stage F, and the secondary storage 



·-=···--··-------
~· 

.;.. 

-- . ···-··- -····· -······· . . ···--··-······· ··-- ..... . 
\ . .. •·· .. ---·····-- ... . -·-----· ---·---··-· --·-------··· 

19 

elements of Stage F become free to accept new data if the 

following device is not able to receive the data D2 and 

the pipeline must once again "compress"; this is shown in 

Cycle 6, for which the data 03 has been shifted into the 

5 secondary storage elements of Stage F and the data 04 has 

been passed on from Stage D to stage E as normal. 

Figs. 3a(l), 3a(2), 3b(l), and 3b{2) {which are 

referred to collectively as Fig. 3) illustrate generally 

10 a pref erred embodiment of the pipeline according to the 

invention. This pref erred embodiment implements the 

structure shown in Fig. 2 using a two-phase, 

non-overlapping clock with phase~ ¢0 and ¢1. Although a 

two-phase clock is preferred, it is also possible to drive 

15 the various embodiments of the invention using a clock 

with more than two phases. 

In Fig. 3, each pipeline stage is represented as two 

separate boxes illustrating the primary and secondary 

storage elements. Also, although the VALID signal and the 

20 data lines connect the various pipeline stages as before, 

for ease of illustration, only the ACCEPT signal is shown 

in Fig. 3. A change of state during a clock phase of 

certain of the ACCEPT signals is indicated in Fig. 3 using 

an upward-pointing arrow for changes from LOW to HIGH, and 

25 a downward-pointing arrow for changes from HIGH to LOW. 

Transfer of data from one storage element to another is 

indicated by a large open arrow. It is assumed that the 

VALID signal out of the primary or secondary storage 

elements of any given stage is HIGH whenever the storage 

30 elements contain valid data. 

In Fig. 3, each cycle is shown as consisting of a 

full period of the·non-overlapping clock phases ¢0 and ¢1. 

As is explained in greater detail below, data is 

transferred from the secondary storage elements (shown as 

35 the left box in each stage) to the primary storage 

elements (shown as the right box in each stage) during 

clock cycle cpl, whereas data is transferred from the 
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primary storage elements of one stage to the secondary 

storage elements of the following stage during the clock 

cycle ~o. Fig. 3 also illustrates that the primary and 

secondary storage elements in each stage are also 

5 connected via an internal acceptance line to pass an 

ACCEPT signal in the same manner that the ACCEPT signal is 

passed from stage to stage. 

Fig. 3 shows the ~1 phase of Cycle 1, in which data 

Dl, D2, and DJ, which were previously shifted into the 

10 secondary storage elements of Stages E, D, and B, 

respectively, are shifted into the primary storage 

elements of the respective stage. During the ~1 phase of 

cycle 1, the pipeline therefore assumes the same 

configuration as is shown as cycle 1 in Fig. 2. As 

15 before, the ACCEPT signal into Stage F is assumed to be 

LOW. As Fig. 3 illustrates, however, this means that the 

ACCEPT signal into the primary storage element of Stage F 

is LOW, but since this storage element does not contain 

valid data, it sets the ACCEPT signal into its secondary 

20 storage element HIGH. 

The ACCEPT signal from the secondary storage elements 

of Stage F into the primary storage elements of Stage E is 

also set HIGH since the secondary storage elements of 

Stage F do· not conta~n valid data. As before, since the 

25 primary storage elements of Stage F are able to accept 

data, data in all the upstream primary and secondary 

storage elements can be shifted downstream without any 

valid data being overwritten. The shift of data from one 

stage to the next takes place during the next ~O phase in 

30 Cycle 2. For example, the valid data Dl contained in the 

primary storage element of Stage E is shifted into the 

secondary storage element of Stage F, the data D4 is 

shifted into the pipeline, that is, into the secondary 

storage element of Stage A, etc. 

35 The primary storage element of Stage F still does not 

contain valid data during the ¢0 ph~se in Cycle 2, so that 

the ACCEPT signal from the primary storage elements into 
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the secondary storage elements of Stage F remains HIGH. 

During the ¢1 phase in cycle 2, data can therefore be 

shifted yet another step to the right, which is from the 

secondary to the primary storage elements within each 

5 stage. 

Once valid data is loaded into the primary storage 

elements of Stage F, however, if the ACCEPT into Stage F 

from the downstream device is still LOW, it is not 

possible to shift data out of the secondary storage 

10 element of Stage F without overwriting and destroying the 

valid data Dl. The ACCEPT signal from the primary storage 

elements into the secondary storage elements of Stage F 

therefore goes LOW. Data D2, however, can still be 

shifted into the secondary storage of Stage F since it did 

15 not contain valid data and its ACCEPT signal out was HIGH. 

During the ¢1 phase of Cycle 3, it not possible to 

shift data D2 into the primary storage elements of Stage 

F, although data can be shifted within all the previous 

stages. Once valid data is loaded into the secondary 

20 storage elements of Stage F, however, Stage F is not able 

to pass on this data, which it signals by setting its 

ACCEPT signal out LOW •. Assuming that the ACCEPT signal 

into Stage F remains LOW, data upstream of Stage F can 

continue to be shifted between stages and within stages on 

25 the respective clock phases until the next valid data 

block D3 reaches the primary storage elements of Stage E. 

As illustrated, this condition is reached during the ¢1 

phase of cycle 4. 

During the ¢0 phase of Cycle 5, data 03 has been 

30 loaded into the primary storage element of Stage E. Since 

this data cannot be shifted further, the ACCEPT signal out 

of the primary storage elements of Stage E is set LOW. 

Upstream data can be shifted as normal. 

Assume now as in Cycle 5 of Fig. 2 that the device 

35 connected downstream of the pipeline is able to accept 

pipeline data. It signals this by setting the ACCEPT 

signal into pipeline Stage F HIGH during the ¢1 phase of 
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cycle 4. The primary storage elements of Stage F can now 

shift data to the right and they are also able to accept 

new data: the data 01 was shifted out during the ¢1 phase 

of Cycle 5 so that the primary storage elements of Stage 
s F no longer contain data that must be saved. During the 

¢1 phase of Cycle 5, the data 02 is therefore shifted 
within Stage F from the secondary storage elements to the 

primary storage elements. The secondary storage elements 

of Stage F then are also able to accept new data and 

10 signal this by setting the ACCEPT signal into the primary 

storage elements of Stage E HIGH. During transfer of data 

within a stage, that is from its secondary to its primary 

storage el~ments, both sets of storage elements will 

contain the same data, but the data in the secondary 
15 storage elements can be overwritten with no data loss 

since this data will also be in the primary storage 

elements. The same holds for data transfer from the 

primary storage elements of one stage into the secondary 

storage elements of a subsequent stage. 

20 Assume now that the ACCEPT signal into the primary 

storage elements of Stage F goes LOW during the ¢1 phase 

in Cycle S. This means that stage F is not able to 

transfer the data D2 out of the pipeline. Stage F 

consequently sets the ACCEPT signal from its primary to 

25 its secondary storage elements LOW to prevent overwriting 
of the valid data D2. The data D2 stored in the secondary 

storage elements of Stage F, however, can be overwritten 

without loss, and the data D3 is therefore transferred 

into the secondary storage elements of stage F during the 

3 O ¢0 phase of Cycle 6. Data 04 and DS can be shifted 

downstream as normal. Once valid data 03 is stored in 

stage F along with data 02, as long as the ACCEPT signal 

into the primary storage elements of Stage F is LOW, 

neither can the secondary storage elements accept new 

35 data, and it signals this by setting the ACCEPT signal 

into Stage E LOW. 
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When the ACCEPT signal into the pipeline from the 

downstream device changes from LOW to HIGH or vice versa, 

this change does not have to propagate upstream within the 

pipeline farther than to the immediately preceding storage 

5 elements (within the same stage or within the preceding 

pipeline stage); instead, this change propagates upstream 

within the pipeline one storage element block per clock 

phase. 

As this example illustrates, the concept of a "stage" 

10 in the pipeline structure illustrated in Fig. 3 is to some 

extent a matter of perception. Since data is transferred 

within a stage (from the secondary to the primary storage 

elements) as it is between stages (from the primary 

storage elements of the upstream stage into the secondary 

15 storage elements of the neighboring downstream stage), one 

could just as well consider a stage to consist of 

"primary" storage elements followed by "secondary storage 

element" instead of as illustrated in Fig. 3. The concept 

of "primary" and "secondary" storage elements is also 

20 therefore mostly a question of labelling. In Fig. 3, the 

"primary" storage elements can also be referred to as 

"output" storage elements, since they are the elements 

from which data is transferred out of a stage into a 

following stage or device, and the "secondary" storage<": 

25 elements could be "input" storage elements for the same 
stage. 

In the explanation of the embodiments of the 

invention shown in Figs. 1-3, only the transfer of data 

under the control of the ACCEPT and VALID signals has been 

30 mentioned. It is to be understood that each pipeline 

stage may also process the data it has received 

arbitrarily before passing it between its internal storage 

elements or before passing it to the following pipeline 

stage. Referring once again to Fig. 3, a pipeline stage 

35 can therefore be defined as the portion of the pipeline 

that contains input and output storage elements and that 

arbitrarily processes data stored in its storage elements. 
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The "device" downstream trom the pipeline Stage F, 

moreover, need not be some 9ther type of hardware 

structure, but rather could be another section of the same 

or even of another pipeline. As is illustrated below, a 

pipeline stage can set its AC.CEPT signal LOW not only when 

all of the downstream storage elements are filled with 

valid data, but also when a stage requires more thap one 

clock phase to finish processing its data, or when it 

creates valid data in one or both of its storage elements. 

It is also not necessary· for a stage simply to pass on the 

ACCEPT signal based on whether or not the immediately 

downstream storage elements contains valid data that 

cannot be passed ·on. Instead, the ACCEPT signal itself 

may also be altered within the stage or even by circuitry 

external to the stage in order to control the passage of 

data between adjacent storage elements; the VALID signal 

may also be processed in an analogous manner. 

A great advantage of the two-wire interface (one wire 

for each of the VALID and ACCEPT signals) is its ability 

to control the pipeline without the control signals 

needing to propagate back up the pipeline all the way to 

its beginning stage. In the embodiment shown in Fig. 1, 

Cycle 3, for example, although stage F "tells" stage E 

that it cannot accept data, and stage E tells stage D, and 

stage D tells stage C; indeed, if there had been more 

stages containing valid data then this signal would have 

propagated back even farther along the pipeline. In.the 

embodiment shown in Fig. 3, Cycle 3, the LOW ACCEPT signal 

is not propagated any father upstream than to Stage E, and 

even then only to its primary storage elements •. 

As is described below, this embodiment is able to 

achieve this flexibility without adding significantly to 

the silicon area that is required to implement the design. 

Typically, each latch in the pipeline that is used for 

data storage may require as little as only one extra . 

transistor (which lays out very efficiently in silicon). 

In addition, two extra latches and a small number of gates 
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are preferably added to process the ACCEPT and VALID 

signals that are associated with the data latches in each 

half-stage. 

Fig. 4 illustrates a hardware structure that 

implements a stage as shown in Fig. 3. 

By way of example only~ it is assumed that eight-bit 

data is to be transferred (with or without further 

manipulation in optional combinatorial logic circuits) in 

parallel through the pipeline. The two-wire interface 

according to this embodiment is, however, suitable for use 

with any data bus width, and the data bus width may even 

change from one stage to the next if a particular 

application so requires. The interface according to this 

embodiment can also be used to process analog signals. 

Although other conventional timing arrangements may 

be used, the interface is preferably controlled by a 

two-phase, non-overlapping clock. In Figs. 4-9, these 

clock phase signals are referred to as PHO and PHl. In 

Fig. 4, a line is shown for each clock phase signal. 

Input data enters a pipeline stage over a multi-bit 

data bus IN DATA and is transferred to a following 

pipeline stage or to subsequent receiving circuitry over 

an output data bus OUT_DATA. The input data is first 

loaded in a manner described below into a series of input 

latches (one for each input data signal) collectively 

referred to as LOIN, which constitute the secondary 

storage elements described above. 

In the illustrated example of this embodiment, it is 

assumed that the Q outputs of all latches follow their D 

inputs, that is, they are "loaded", when the clock input 

is HIGH, that is, at a logic "l" level. Additionally, the 

Q outputs hold their last values, or, in other words, the 

Q outputs are "latched", on the falling edge of their 

respective clock signals. Each latch has for its clock 

either one of two non-overlapping clock signals PHO or PH! 

{shown in Fig. 5), or the logical AND combination of one 
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of these clock signals PHO, PHl and one logic signal. The 

invention works just as well, however, by providing 

latches that latch on the rising edges of the clock 

signals, or any other known latching arrangement, as long 

as conventional methods are applied to ensure proper 

timing of the latching operations. 

The output data from the input data latch LDIN passes 

via an arbitrary and optional combinatorial logic circuit 

Bl, which may be provided to convert output data from 

input latch LDIN into ·intermediate data, which is then 

later loaded in an output data latch LDOUT, which 

comprises the primary storage elements described above. 

The output from the output data latch LDOUT may similarly 

pass through an arbitrary and optional combinatorial logic 

circuit B2 before being passed onward as OUT_DATA to the 

next device downstream, which may be another pipeline 

stage or any other device connected to the pipeline. 

Each stage of the pipeline also includes a validation 

input latch LVIN, a validation output latch LVOUT, an 

acceptance input latch LAIN, and an acceptance output 

latch LAOUT. Each of these four latches is preferably a 

simple, single-stage latch. The outputs from latches 

LVIN, LVOUT, LAIN and LAOUT are, respectively, QVIN, 

QVOUT, QAIN, QAOUT. The output signal OVIN from the 

validation input latch is connected either directly as an 

input to the validation output latch LVOUT, or via 

intermediate logic devices or circuits that may alter the 

signal. 

Similarly, the output validation signal QVOUT of a 

given stage may be connected either directly to the input 

of the validation input latch QVIN of the following stage, 

or via intermediate devices or logic circuits, which may 

even alter the validation signal. This output QVIN is 

also connected to a logic gate (to be described below), 

whose output is connected to the input of the acceptance 

input latch LAIN; the output QAOUT from the acceptance 
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outp~t latch LAOUT is connected to a similar logic gate 

(described below), optionally via another logic gate. 

As Fig. 4 shows, the output validation signal QVOUT 

forms an OUT VALID signal that can be received by 

5 following stages as an IN_ VALID signal, or simply to 

indicate valid data to subsequent circuitry connected to 

the pipeline. The readiness of the following circuit or 

stage to accept data is indicated to each stage as the 

signal OUT_ACCEPT, which is connected as the input to the 
10 acceptance output latch LAOUT, preferably via logic 

circuitry, which is described below. Similarly, the 

output QAOUT of the acceptance output latch LAOUT is 

connected as the input to the acceptance input latch LAIN, 

preferably via logic circuitry, which is described below. 

15 

The output signals QVIN, QVOUT from the validation 
latches LVIN, LVOUT are combined with the acceptance 
signals QAOUT, OUT_ACCEPT, respectively, to form the 

inputs to the acceptance latches LAIN, LAOUT, 

20 respectively .. In the implementation illustrated in Fig. 

4, these input signals are formed as the logical NANO 

combination of the respective validation signals QVIN, 

QVOUT with the logical inverse of the respective 

acceptance output signals QAOUT, OUT_ACCEPT. Conventional 

25 logic gates NANDl and NAND2 perform the NANO operation, 
and the inverters INVl, INV2 form the logical inverses of 
the respective acceptance signals. 

As is well known in the art of digital design, the 

output from a NANO gate is a logical "l" when any or all 

30 of its input signals are in the logical "O" state. The 

output from a NANO gate is therefore a logical "O" only 

when all of its inputs are in the logical 11 1 11 state. Also 

well known is that the output of a digital inverter such 

as"INVl is a logical 11 1 11 when its input signal is a 11 0 11 

35 and is a 11 0 11 when its input signal is a 11 1 11 • 

The inputs to the NANO gate NANOl are therefore: QVIN 

and NOT (QAOUT) , where "NOT" indicates binary inversion. 
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Using known techniques, the input to the acceptance latch 

LAIN can be resolved as follows: 
NAND(QVIN,NOT(QAOUT)) = NOT(QVIN) OR QAOUT 
In other words, the combination of the inverter INVl 

5 and the NANO gate NANDl is a logical 11 111 either when the 
signal QVIN is a 11 0 11 or the signal QAOUT is a "1", or 
both. The gate NANDl and the inverter INVl can therefore 
be implemented by a single OR gate that has one of its 
inputs tied directly to the QAOUT output of the acceptance 

10 latch LAOUT and its other input tied to the inverse of the 
output signal QVIN of the validation input latch LVIN. 

As is well known in the art of digital design, many 

latches suitable for use as the validation and acceptance 
latches may have two outputs, Q and NOT(Q), that is, Q and 

15 its logical inverse. If such latches are chosen, the one 
input to the OR gate can therefore be tied directly to the 

NOT (Q) output of the validation latch LVIN. The gate 
NANDl and the inverter INVl can be implemented using well-
known, conventional techniques. Depending on the latch 

20 architecture used, however, it may be more efficient to 
use a latch without an inverting output, and to provide 
instead the gate NANDl and the inverter INVl, both of 
which also can be implemented efficiently in a silicon 

device. Any known arrangement may be used to generate the 
25 Q signal and/or its logical inverse. 

The data and validation latches LOIN, LOOUT, LVIN, 

and LVOUT load their respective data inputs when both the 
clock signal (PHO at the input side and PHl at the output 
side) and the output from the acceptance latch of the same 

30 side are logical 11 1 11 • Thus, the clock signal (PHO for the 

input latches LOIN and LVIN) and the output of the 

respective acceptance latch (in this case, LAIN) are used 

in a logical AND manner, data being loaded only when they 

are both logical 11 1 11
• 

35 In particular applications, such as CMOS 
implementations of the latches, the logical AND operation 
that controls the loading (via the illustrated CK or 
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enabling "input") of the latches can be implemented easily 

in a conventional manner by connecting the respective 

enabling input signals (for example, PHO and QAIN for the 

latches LVIN and LOIN), to the gates of MOS transistors 

connected in series in the input lines of the latches. It 

is then not necessary to provide an actual logic AND gate, 

which might cause problems of timing due to propagation 

delay in high-speed applications. The AND gate shown in 

the figures therefore only indicates the logical function 

to be performed in generating the enable signals of the 

various latches. 

The data latch LOIN thus loads input data only when 

PHO and QAIN are both 11 1 11
• It will latch this data when 

either of these two signals goes to a "0". 

Although only one of the clock phase signals PHO, PHl 

is used to clock the data and validation latches at the 

input (and output) side of the pipeline stage, the other 

of the clock phase signals is used, directly, to clock the 

acceptance latch at the same side. In other words, the 

acceptance latch on either side (input or output) of a 

pipeline stage is preferably clocked "out of phase" with 

the data and validation latches on the same side. For 

example, PHl is used to clock the acceptance input latch, 

although PHO is used in generating the clock signal CK for 

the data latch LOIN and the validation latch LVIN. 

As an example of the operation of a pipeline 

augmented by the two-wire validation and acceptance 

circuitry according to the embodiment, assume that no 

valid data is initially presented at the input to the 

circuit, either from a preceding pipeline stage, or from 

a transmission device. In other words, assume that the 

validation input signal IN_VALID the illustrated stage has 

not gone to a 11 l 11 since the system was most recently 

reset. Assume also that several clock cycles have taken 

place since the system was last reset so that the 

circuitry has reached a steady-state condition. The 

validation input signal QVIN from the validation latch 
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LVIN is therefore loaded as a 11 0 11 during the next positive 

period of the clock PHO. The input to the acceptance· 

input latch LAIN (via the gate NANDl or another equivalent 

gate) , is therefore loaded as a "l" during the next 

5 positive period of the clock signal PHl. In other words, 

since the data in the data input latch LOIN is not valid, 

the stage signals that it is ready to accept input data 

(since it does not hold any data worth saving). 

In this example, note that the signal IN ACCEPT is 

10 used to enable the data and validation latches LOIN and 

LVIN. Since the signal IN_ACCEPT at this time is a 11 1", 

these latches effectively work as conventional transparent 

latches so that whatever data is on the IN DATA bus is 

simply loaded into the data latch LOIN as soon as the 

15 clock signal PHO goes to a 11 1 11 • Of course, this invalid 

data will also be loaded into the next data latch LDOUT of 

the following pipeline stage as long as the output QAOUT 

from its acceptance latch is a 11 1 11 • 

In other words, as long as a data latch does not 

20 contain valid data, it accepts or "loads" any data 

presented to it during the next positive period of its 

respective clock signal. On the other hand, such invalid 

data is not loaded in any stage for which the acceptance 

signal from its corresponding acceptance latch is low 

25 (that is, a 11 0 11 ). Furthermore, the output signal from a 

validation latch (which forms the validation input signal 

to the subsequent validation latch) remains a 11 0 11 as long 

as the corresponding IN_VALID (or QVIN) signal to the 

validation latch is low. 

30 When the input data to a data latch is valid, the 

validation signal IN_VALID indicates this by rising to a 
11 1 11

• The output of the corresponding validation latch 

then rises to a 11 1 11 on the next. rising edge of its 

respective clock phase signal. For example, the 

35 validation input signal QVIN of latch LVIN rises to a 11 1 11 

when its corresponding IN VALID signal goes high (that is, 
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rises to a 11 1") on the next rising edge of the clock phase 

signal PHO. 

Assume now, instead, that the data input latch LOIN 

contains valid data. If the data output latch LOOUT is 

5 ready to accept new data, its acceptance signal QAOUT will 

be a 11 1 11 • In this case, during the next positive period 

of the clock signal PHl, the data latch LDOUT and 

validation latch LVOUT will be enabled, and the data latch 

LOOUT will load the data present at its input. This will 

10 occur before the next ·rising edge of the other clock 

signal PHO, since the clock signals are non-overlapping. 

At the next rising edge of PHO, the preceding data latch 

(LOIN) will therefore not latch in new input data from the 

preceding stage until the data output latch LDOUT has 

15 safely latched the data transferred from the latch LOIN. 

The same sequence is followed by every adjacent pair 

of data latches (within a stage or between adjacent 

stages) that are able to accept data, since they will be 

operating based on alternate phases of the clock. Any 

20 data latch that is not ready to accept new data because it 

contains valid data that cannot yet be passed on will have 

an output acceptance signal (the QA output from its 

acceptance latch LA) that is LOW, and its data latch LOIN 

or LDOUT will not be loaded. In other words, as long as 

25 the acceptance signal (the output from the acceptance 

latch) of a given stage or side (input or output) of a 

stage is LOW, its corresponding data latch will not be 

loaded. 

Fig. 4 also shows a reset feature included in the 

30 preferred embodiment of the invention. In the illustrated 

example, a reset signal NOTRESETO is connected to an 

inverting reset input R (inversion is hereby indicated by 

a small circle, as is conventional) of the validation 

output latch LVOUT. As is well known, this means that the 

35 validation latch LVOUT will be forced to output a 11 0 11 

whenever the reset signal NOTRESETO becomes a 11 0 11 • One 

advantage of resetting the latch when the reset signal 
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goes low (becom~s a "O") is that a bi~&k in transmission 

will reset the latches; they will then be in their "null" 

or reset state whenever a valid transmission begins and 

the reset signal goes HIGH. The reset signal NOTRESETO 

5 therefore operates as a digital "ON/OFF" switch, such that 

it must be at ·a HIGH value in order to activate the 

pipeline. 

Note that it is not necessary to reset all of the 

latches that hold valid data in the pipeline. In Fig. 4, 

10 the validation input latch LVIN is not directly reset by 

the reset signal NOTRESETO, but rather is reset 

indirectly. Assume that the reset signal NOTRESETO drops 

to a "O". The validation output signal QVOUT then also 

drops to a "O", regardless of its previous state, 

15 whereupon the input to the acceptance output latch LAOUT 

(via the gate NANDl) goes HIGH.· The acceptance output 

signal QAOUT then also rises to a 11 1 11 • This QAOUT value 

of 11 1 11 is then transferred as a "l" to the input of the 

acceptance input latch LAIN regardless of the state of the 

20 validation input signal QVIN. The acceptance input signal 

QAIN then rises to a 11 1 11 at the next rising edge of the 

clock signal PHl. Assuming that the validation signal 

IN_VALID has been correctly reset to a 11 0", then upon the 

subsequent rising edge of the clock signal PHO, the output 

25 from the validation latch LVIN will become a 11 0 11 , as it 

would have done if it had been reset directly. 

As this example illustrates, it is only necessary to 

reset the validation latch in only one side of each stage 

(including the final stage) in order to reset all 

30 validation latches. In fact, in many applications, it 

will not even be necessary to reset every other validation 

latch: If the reset signal NOTRESETO can be guaranteed to 

be low during more than one complete cycle of both phases 

PHO, PHl of the clock, then the "automatic reset" (a 

35 backwards propagation of the reset signal) will occur for 

validation latches in preceding pipeline stages .. Indeed, 

as long as the reset signal is held low for at least as 
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many as full cycles of both phases of tne clock as there 

are pipeline stages, it would only be necessary to reset 
directly the validation· output latch in the final pipeline 

stage. 
Figs. Sa and Sb (referred to collectively as Fig. 5) 

illustrate a timing diagram showing the relationship 
between the non-overlapping clock signals PHO, PHl, the 

effect of the reset signal, and the holding and transfer 

of data for the different permutations of validation and 
acceptance signals into and between the two illustrated 
sides of a pipeline stage configured as in the embodiment 

shown in Fig. 4. In the example illustrated in the timing 
diagram of Fig. 5, it has been assumed that the outputs 
from the data latches LOIN, LDOUT are passed without 
further manipulation by intervening logic blocks Bl, B2. 

This is by way of example only, and it is to be understood 

that any combinatorial logic structures may be included 
between the data latches of consecutive pipeline stages, 
or between the input and output sides of a single pipeline 

stage. The actual illustrated values for the input data 

(for example the HEX data words "aa" or "04") are also 

merely illustrative. As is mentioned above, the input 
data bus may have any width (and may even be analog), as 
long as the data latches or other storage devices are able 

to accommodate and latch or store each bit or value of the 
input word. 

Preferred Data Structure - "tokens" 
In the simple application shown in Fig. 4, each stage 

processes all input data, since there is no control 
circuitry that excludes any stage from allowing input data 

to pass through its combinatorial logic block Bl, B2,.etc. 

To provide greater flexibility, this embodiment includes 

a data structure in which "tokens" are used to distribute 
data around the system. Each token consists of a series 

of binary bits separated into one or more blocks of token 

words and into one of three types: address bits (A), data 
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bits (D), and an extension bit (E). Assuming by way of 

example only that data is transferred as words over an 8-

bi t bus with a 1-bit extension bit line, an example of a 

four-word token is, in order of transmission: 

First word: E A A A D DD D D 

Second word: E DD DD D D D D 

Third word: B D DD D D DD D 

Fourth word: B D D D DD DD D 

Note that the extension bit E is used as an addition 

(preferably) to each data word and that the address field 

can be of variable length and is preferably transmitted 

just after the extension bit of the first word. 

Tokens thus consist of one or more words of (binary) 

digital data. Each of these words is transferred in 

sequence and preferably in parallel, although this method 

of transfer is not necessary: serial data transfer is also 

possible using known techniques. 

As the example illustrates, each token has, 

preferably at the start, an address field (the string of 

A-bits) that identifies the type of data that is contained 

in the token. In many applications, a single word or part 

of a word is enough to transfer the entire address field, 

but this is not necessary according to this embodiment as 

long as logic circuitry is included in the corresponding 

pipeline stages that is able to store some representation 

of partial address fields long enough for the stages to 

receive and decode the entire address field. 

Note that no dedicated wires or registers are 

required to transmit the address field it is 

transmitted using the data bits. As is explained below, 

a pipeline stage will not be slowed down if it is not 

intended to be activated by the particular address field; 

the stage will be able to pass along the token without 

delay. 
~~~~~~~~~~-

. :...· .. 
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The remainder of the data in the token after the 

address field is not constrained by the use of tokens. 

These D-data bits may take on any values and the meaning 

attached to these bits is of no importance here. The 

s number of data bits D appended after the address field can 

be as long or as short as required, and the number of data 

words in different tokens may vary greatly. The address 

field and extension bit are used to convey control signals 

to the pipeline stages. Because the number of words in 

10 the data field (the string of D bits) can be arbitrary, as 

can be the information conveyed in the data field. The 

explanation below is therefore directed to the use of the 

address and extension bits. 

Tokens are a particular useful data structure when a 

15 number of blocks of circuitry are connected together in a 

relatively simple configuration. The simplest 

configuration is a pipeline of processing steps, for 

example, the one shown in Fig. 1; the use of tokens is 

not, however, restricted to use on a pipeline structure. 

20 Assume once again that each box represents a complete 

pipeline stage. In the pipeline of Fig. 1, data flows 

from left to right in the diagram. Data enters the 

machine and passes into processing stage A. This may 

modify the data and it then passes the data, modified or 

25 unmodified, to Stage B. The modification may be 

arbitrarily complicated and in general there will not be 

the same number of data items flowing into any stage as 

flow out. Stage B modifies the data again and passes it 

onto Stage c, etc. In a scheme such as this it is 

30 impossible for data to flow in the opposite direction, so 

that, for example, Stage C cannot pass data to Stage A for 

example. This restriction is often perfectly acceptable. 

On the other hand, it is very desirable for Stage A 

to be able to communicate information to Stage C even 

3 5 though there is no direct connection between the two 

blocks, but only via Stage B. One advantage of the tokens 

is their ability to achieve this kind of communication. 
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Any processing stage that does not recognize a token 

passes it on unaltered to the next block. 

According to this example, an extension bit is 

transmitted along with the address.and.data fields in e2t.ch 

token so that a processing stage ·can pass on a tok~n 

(wlli¢:l'i . ~an be of arbi'ttary 1$ng:th) withput havj..ng 1:9 

decode its adaress at all~ Aceording to this example, any 

.token in which the · extension bit is lJIGH (a "1" ) is 

followed by a subsequent word which is pax-t of the same 

token. This word also has an extension bit, which 

indicat.es whether there is a . further token word in the 

token. When a stage encounters a token word whose 

extension bit is LOW (a "O") then it is known to be the 

last word of the token. The next word is then assumed to 

be the first word of a new token. 

·Note that although the simple pipeline of processing 

stages is particularly useful, tokens may be applied to 

. more complicated configurations of processing elements. 

An example of such· a more complicated processing element 

is descr.ibed below. 

It is not necessary according to this embodiment to 

use the state of the extension bit to signal the last word 

of a given token by giving it an extension bit set to 11 0 11
• 

One alternative to the preferred scheme is to move the 

extension bit so that it indicates the first word of a 

token instead of the · 1ast, with appropriate changes in the 

decoding hardware. 

The advantage of using the extension bit to signal 

the last word in a token rather than the first is that it 

is often useful to modify the behavior of a block of 

circuitry depending upon. whether or not a token has 

extension bits. An example of this would a token that 

activates a stage that processes video quantization values 

stored in a quantization table (typically a memory 

device), for example, a table containing 64 eight-bit 

arbitrary binary integers. 

----·~·.::-~ -·- ···- -.:-::-- ---··· 
:~ : .. 
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In order to load a new quantization table into the 
quantizer stage of the pipeline, a "QUANT_TABLE" token is 
sent to the quantizer. Iil such a case the token would ·for 
example consist of 65 token words, the first of which 

5 would contain the code "QUANT_TA:SLE", followed by 64 
words, which·are ·the inteqers ef -t~~ quantization table. 

When encocU,ng video data it is occasionally necessary 
to transmit such a quantization table. ·In C?.tder to· do 
this, a QUANT_TABLE te>ken witm no extension words can be 

10 ·sent to the quantizer stage. On seeing this token, and 
noting that the extension bit .of its first word is LOW, 
the quantizer stage can read out its quantization table 
and construct a QUANT_TABLE token which includes the 64 
quantization table values. The extension bit of the first 

15 word (which was LOW) is changed so that it is a·IGH and the 
token then continues, with HIGH extension bits, until the 
new end of the token, indicated by a LOW extension bit on 
the sixty fourth quantization table value. This proceeds 
in the normal way through the system and is encoded into 

20 the bit stream. 
continuing with the example, the quantizer may either 

load a new quantization table into its own memory device 
or read out its table depending on whether the first word 
of the QUANT_TABLE token has its extension bit set or not. 

25 The choice c;>f whether to use the extension bit to 
signal the first or last token word in a token will 
therefore depend on the system in which the pipeline will 
be used. Both alternatives are possible according to the 
invention. 

30 Another alternative to the preferred extension bit 
scheme is be to include a length count at the start of the 
token. Such an arrangement may, for example, be efficient 
if a token is very long. For example, assume that a 
typical token in a given application is 1000 words long. 

35 Using the illustrated extension bit scheme {with the bit 
attached to each token word), the token would require 1000 
additional bits to contain all the extension bits. Only 
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ten bits would be required, however, to encode the token 
length in binary form. 

Although there are therefore uses for long tokens, 
experience has shown that there are very many uses for 
short tokens. Here the preferred extension bit scheme is 
advantageous.· If a token is only one word long then only 
one bit is required to signal this but a counting scheme 
would typi~ally require the same ten bits as before. 

Disadvantages of a length count scheme include the 
following: 1) it is inefficient for short tokens; 2) it 
places a maximum length restriction on a token (with only 
ten bits, no more than 1023 words can be counted); 3) the 
length of a token must be known in advance of generating 
the count (which is presumably at the start of the token); 
4) every block of circuitry that deals with tokens would 
need to be provided with hardware to count words; and 5) 
if the count should get corrupted {due to a data 
transmission error) then it is not clear that recovery can 
ever be achieved. 

The advantages of the extension bit scheme according 
to this embodiment include: 1) no pipeline stage needs to 
include a block of circuitry that decodes every token -­
unrecognized tokens · can be passed on correctly by 
considering only the extension bit; 2) the coding of the 
extension bit is identical for all tokens; 3) there is no 
limit placed on the length of a token; 4) the scheme is 
efficient (in terms of overhead to represent the length of 
the token) for short tokens; and 5) error recovery is 
naturally achieved: if an extension bit is corrupted then 
one random token will be generated (for an extension bit 
corrupted from 11 l" to 11 0 11

) or a token will be lost 
(extension bit corrupted "0 11 to "1 " ) ; furthermore, the 
problem is localized to the tokens concerned -- after 
this, correct operation is resumed automatically. 

The length of the address field may be varied. This 
is highly advantageous since it allows the most common 
tokens to be squeezed into the minimum number of words. 



.. 

' . . _;.· 

. .. ----·-

39 ' 

This in turn is of great importance in video data pipeline 
systems since it ensures that all processing stages can be 
continuously running at full bandwidth. 

According to this· embodiment, in order to allow 

variable len~th address fields the addr.esses are chosE;tn so 
that a short address followed by random data can never be 
confuse~ with a longer ad~ress. The preferred technique 
for encoding the address field (which also serves as the 
"code" for activating an intended pipeline stage) is the 
well-known technique first described by Huffman, hence the 
common name "Huffman Code". 

Although Huffman encoding is well understood in the 
field of digital design, the following example provides a 
general background: 

Huffman codes consist of words made up of a string of 
symbols (in the context of digital systems such as this 

invention, the symbols are usually binary digits) • The 
code words may have variable length and t1:1e special 
property of Huffman code words is that a code word is 
chosen so that none of the longer code words starts with 
the symbols that form a shorter code word. According to 
the invention, token address fields are preferably 
(al though not necessarily) chosen using known Huffman 
encoding techniques. 

Also according to this embodiment, the address field 
pr~ferably starts in the most significant bit ( MSB) o·f the 
first word token. (Note that the designation of the MSB 
is arbitrary and that· this scheme can be modified to 

accommodate various designations of the MSB.) The address 
field continues through contiguous bits of lesser 
significance. If, in a given application, a token address 
requires more than one token word, the least significant 

bit.in any given word the address field will continue in 
the most significant bit of the next word. The minimum 
length of the address field is one bit. 

Any of several known hardware structures can be used 

to generate the tokens used in this example . One such 
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structure is a microprogrammed state machine, but known 

microprocessors or other devices may also be used. 

The principle advantage of the token scheme according 

to this example is its adaptability to unantioipated 

needs. .For example, if a new token is introduced then it 

is most· likely that this w.ill affect only a small number 

of pipeli"r1e stages. The most likely case is when ~nly two 

stages or blocks of circuitry are affected -- the one 

block that generates the tokens in the first place and the 

block or stage that has been newly designed or modified to 

deal with this new token. Note that it is not necessary 

·to modify any other pipeline stages: rather, these will be 

able to deal with the new token without modification to 

their designs because they will not recognize it and will· 

pass that token on unmodified. 
This ability of this embodiment to leave substantial 

existing designed devices unaffected has clear advantages. 

It may be possible to leave some semiconductor chips in a 

chip set completely unaffected by a design improvement in 

some other chips in the set. This is advantageous both 

from the perspective of a customer and from that of a chip 

manufacturer. Even if modifications mean.that all chips 

are affected by the design change (a situation that 

becomes increasingly likely as levels of integration 

progress so that the number of chips in a system drops) 
there will still be the considerable advantage of better 

time-to-market than can be achieved, since the same design 

can be reused. 
In particular, note the situation that occurs when it 

becomes necessary to extend the token set to include two­

word addresses. Even in this case it is still not 

necessary to modify an existing design. Token decoders in 

the pipeline stages will attempt to decode the first word 

of such a token and will conclude that it does not 

recognize the token. It will then pass on the token 

unmodified using the extension bit to correctly do this. 

It will not attempt to decode the second word of the token 
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(even though this contains address bits) because it will 

"assume" that the second word is part of the data field of 

a token that it does not recognize. 

In many cases, a pipeline stage or a connected block 

of circuitry will modify a token. This usually, but not 

necessarily, takes the form of modifying the data field of 

a token. .:i::n addition, it is common for the· number of data 

words in the token to be modified, either by removing 

certain data words or by adding _new ones. In some cases 

tokens are removed entirely from the token stream. 

In most applications, pipeline stages will typically 

only decode (be activated by) a few tokens; the stage does 

not recognize other tokens and passes them on unaltered. 

In a large number of cases, only one token is decoded: the 

data token word itself. 

In many applications, the operation of a particular 

stage will depend upon the results of its own past 

operations. The "state" of the stage thus depends on its 

previous states. In other words, the stage depends upon 

stored state information, which is another way of saying 

it must retain some information about its own history one 

or more clock cycles ago. ·The invention is well-suited 

for use in pipelines that include such 11 state machine 11 

stages as well as for the applications in which the 

latches in the data path are simple pipeline latches. 

The suitability of the two-wire interface according 

to this example in such "state machine" circuits is a 

significant advantage of the example. Especially where a 

data path is being controlled by a state machine, the two~ 

wire interface technique above-described may be used to 

ensure that the "current state" of the machine stays in 

step with the data which it is controlling in the 

pipeline. 

Fig. 6 is a simplified block diagram of an example of 

circuitry included in a pipeline stage for decoding a 

token address field; this illustrates a pipeline stage 

that has the characteristics of a "state machine". Each 
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word of a token includes an "extension bit" which is HIGH 

if there are more words in the token or LOW if this is the 

last word of the token. If this is the last word of a 

token then the next valid data word is the start of a new 

5 token and therefore its address must be decoded. The 

decision as to whether or not to decode the token address 

in any given word thus depends upon knowing the value of 

the previous extension bit. 

For the sake of simplicity only, the two-wire 

10 interface (with the acceptanc.e and validation signals and 

latches) is not illustrated and all details to do with 

resetting the circuit are omitted. As before, an a-bit 

data word is assumed by way of example only. 

This exemplifying pipeline stage delays the data bits 

15 and the extension bit by one pipeline stage. It also 

decodes the DATA token and at the point when the first 

word of the DATA token is presented at the output of the 

circuit the signal "DATA_ADDR" is created and set HIGH. 

The data bits are delayed by the latches LOIN and LDOUT, 

20 each of which is repeated eight times for the eight data 

bits used in this example (corresponding to an a-input, 8-

output latch) •. Similarly the extension bit is delayed by 
extension bit latches LEIN and LEOUT. 

In this example, the latch LEPREV is provided to 

25 store the most recent state of the extension bit. The 

value of the extension bit is loaded into LEIN and is then 

loaded into LEOUT on the next rising edge of the non­

overlapping clock phase signal PHl. Latch LEOUT thus 

contains the value of the current extension bit, but only 

30 during the second half of the non-overlapping, two-phase 

clock. Latch LEPREV, however, loads this extension bit 

value on the next rising edge of the clock signal PHO, 

that is, the same signal that enables the extension bit 

input latch LEIN. The output QEP~EV of the latch LEPREV 

35 thus will hold the value of the extension bit during the 

previous PHO clock phase. 
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The five bit.~ of the data word output from the 
inverting Q output, plus the non-inverted MD(2]°, of the 
latch LOIN are combined with the previous extension bit 
value QEPREV in a.series of logic gates NANDl, NAND2, and 

5 NORl, whose operations are well known in the field of 
digital desig·n. The designation "N ..... MD (m] .indicates the 
logical inverse of bit m of the mid-data word MD[7:0]. 
Using known techniques of Boolean algebra it can be shown 
that the output signal SA from this logic block (the 

10 output from NORl) is HIGH (a 11 1") only when the previous 
extension bit is a "O" (QPREV="O") and the data word at 
the output of the· non-inverting Q latch (the original 
input word) LOIN has the structure 11 000001xx11

, that is, 
the five high-order bits MD[7]-MD[3] bits are all "O" and 

15 the bit MD[2] is a 11 1" and the bits in the zero-one 
positions have any arbitrary value. 

There are thus four possible data words (there are 
four permutations of "xx") that will cause SA, and, thus 
the output of the address signal latch LADDR to whose 

20 input SA is connected, to become HIGH. In other words, 
this stage provides an activation signal (DATA_ADDR = "1") 
only when one of the four possible proper tokens is 
presented and only when the previous extension bit was a 
zero, that is, the previous data word was the last word in 

25 the previous series of token words, which means in turn 
that the present token word is the first one in the 
present token. 

When the signal QPREV'from latch LEPREV is LOW, the 
value at the output of the latch LOIN is therefore the 

30 first word of a new token. The gates NANDl, NAND2, and 
NORl decode the DATA token (OOOOOlxx). This address 
decoding signal SA is, however, then delayed in latch 

LADDR so that the signal DATA ADDR has the same timing as 
the output data OUT_DATA and OUT_EXTN. 

35 Fig. 7 is another simple example of a state-dependent 
pipeline stage that generates the signal LAST_OUT_EXTN to 
indicate the value of the previous output extension bit 
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OUT EXTN. One of the two enabling signals (at the CK 

inputs) to the present and last extension bit latches, 

LEOUT and LEPREV, respectively, is derived from the gate 

ANDl such that these latches only load a new value for the 

when . the data is valid and is being accepted (the Q 

outputs are HIGH from the output validation and acceptance 

latches LVOUT and LAOUT, respectively). In this way, they 

only hold vaiid extension bi ts and are not loaded with 

spurious values associated with data. that is not valid. 

In the embodiment· shown in Fig. 7, the two-wire 

valid/accept logic includes the ORl and OR2 gates with 

input signals consisting of the downstream acceptance 

signals and the inverting output of the validation latches 

LVIN and LVOUT, respectively. This illustrates one way in 

which the gates NANDl/2 and INVl/2 in Fig. 4 can be 

replaced if the latches have inverting outputs. 

Al though this is an extremely simple example of a 
11 state-dependent 11 pipeline stage, since it depends on the 

state of only a single bit, it is generally true as in 

this example that all latches holding state information 

will be updated only when data is actually transferred 

between pipeline stages, that is, only when the data is 

both valid and being accepted by the next stage. Care 

must be taken to ensure that such latches are properly 

reset. 

The generation and use of tokens according to this 

embodiment thus provide several advantages over known 

encoding techniques for data transfer through a pipeline. 

First, the tokens as described above allow for 

variable length address field (and can utilize Huffman 

coding) to provide efficient representation of common 

tokens. 

Second, consistent encoding of the length of a token 

allows the end of a token (and hence the start of the 

next) to be processed correctly (including simple non­

manipulative transfer), even if the token is not 
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recognized by the token decoder circuitry in a given 

pipeline stage. 

Third, rules and hardware structures for the handling 

of unrecognized tokens (that is, for passing them on 

unmodified) allow communication between one stage and a 

downstream stage that is not its nearest neighbor in the 

pipeline. This also increases the expandability and 

efficient adaptability of the pipeline since it allows for 

future changes in the token set without requiring large­

scale redesigning of existing pipeline stages. The tokens 

are particularly useful when used in conjunction with the 

two-wire interface that is described above and below. 

Figs. Sa and Sb, taken together (and referred to 

collectively below as Fig. S), form a block diagram of a 

pipeline stage whose function is as follows: if the stage 

is processing a predetermined token (known in this example 

as the DATA token), then it will duplicate every word in 

this token with the exception of the first one, which 

includes the address fie~d of the DATA token. If, on the 

other hand, the stage is processing any other kind of 

token then it will delete every word. The overall effect 

is that, at the output, only DATA tokens appear and each 

word within these tokens is repeated twice. 

Many of the components of this illustrated system may 

be the same as those described in the much simpler 

structures shown in Figs. 4, 6, and 7. This illustrates 

a significant advantage : more complicated pipeline stages 

will still enjoy the same benefits of flexibility and 

elasticity, since the same two-wire interface may be used 

with little or no adaptation. 

The data duplication stage shown in Fig. 8 is 

merely one example of . the endless number of different 

types of operations that a pipeline stage could perform in 

any given application. This "duplication stage" 

illustrates, however, a stage that can form a 

"bottleneck", so that the pipeline according to this 

embodiment will "pack together". 

liifi~i~f 
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A "bottleneck" can be any stage that efther takes a 

relatively long time to perform its operations, or that 

creates more data in the pipeline than it receives. This 

example also illustrates that the two-wire accept/valid 

interface according to this embodiment can be adapted very 

easily to different applications. 

The duplication stage shown in Fig. 8 also has two 

latches LEIN and LEOUT that, as in· the example shown in 

Fig. 6, latch the state of the extension bit at the input 

and at the output of the stage, respectively. As Fig. Sa 

shows, the input extension latch LEIN is clocked 

synchronously with the input data latch LOIN and the 

validation signal IN_VALIO. 

For ease of reference, the various latches included 

in the duplication stage are paired below with their 

respective output signals: 

Latch Output Labels 

Latch 

LOIN 
LDOUT 
LEIN 
LEO UT 
LAIN 
LAO UT 
Lil 
LO! 
LI2 
L02 
LI3 
L03 

Output 

MID DATA 
OUT-DATA 
QIN­
OUTEXTN 
QAIN 
OAOUT 
Qil 
001 
QI2 
002 = DATA TOKEN 
QI3 
Q03 = NOT DUPLICATE 

In the duplication stage, the output from the data 

latch LOIN forms intermediate data ref erred to as 

MID DATA. This intermediate data word is loaded into 

the data output latch LDOUT only when an intermediate 

acceptance signal (labeled "MID ACCEPT" in Fig. Sa) 

is set HIGH. 

The portion of the circuitry shown in Fig. 8 below 

the acceptance latches LAIN, LAOUT shows the circuits 

that are added to the basic pipeline structure to 

generate the various internal control signals used to 
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duplicate data. These include a "DATA TOKEN" signal 

that indicates that the circuitry is currently 

processing a valid data token and a NOT_DUPLICATE 

signal which is used to control duplication of data. 

5 When the circuitry is processing a data token, the 

NOT_DUPLICATE signal toggles between a HIGH and a LOW 
state and· this causes each word in the token to be 

duplicated once (but no more times). When the 

circuitry is not processing a valid data token then the 

10 NOT_DUPLICATE signal is held in a HIGH state, which 
means that the token words that are being processed are 

not duplicated. 
As Fig. Sa shows, the upper six bits of 8-bit 

intermediate data word and the output signal Qil from 

15 the latch Lil form inputs to a group of logic gates 

NORl, NOR2, NAND18. The output signal from the gate 

NAND18 is labeled Sl. Using well-known Boolean 

algebra, it can be shown that the signal Sl is a 11 011 

only when the output signal Qil is a "l" and the 
20 MID_DATA word has the following structure: "OOOOOlxx", 

that is, the upper five bits are all "O", the bit 

MID_DATA[2] is a 11 1 11 and the bits in the MID_DATA[l] 

and MID_DATA[O] positions have any arbitrary value. 

Signal Sl therefore acts as a "token identification 

25 signal" which is low only when the MID_DATA signal has 
a predetermined structure and the output from the latch 

Lil is a 11 1 11
• The nature of the latch Lil and its 

output Qil is explained below. 

Latch LOl performs the function of latching the 

30 last value of the intermediate extension bit (labeled 

"MID EXTN" and as signal S4), and it loads this value 

on the next rising edge of the clock phase PHO into the 

latch Lil, whose output is the bit Qil that is one of 

the inputs to the token decoding logic group that forms 

35 signal Sl. 
drop to a 

MID DATA 

Signal Sl, as is explained above, may only 
11 0 11 if the signal Qil is a "1" (and the 

signal has the predetermined structure) . 
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Signal Sl may therefore only drop to a 11 011 whenever the 

last extension bit was "O", indicating that the 

previous token has ended, and therefore the MID DATA 

word is the first data word in a new token. 

s The latches L02 and LI2 together with the NAND 

gates NAND20 and NAND22 together form storage for the 

signal DATA_TOKEN. In the normal situation, the signal 

Qil at the input to NAND20 and the signal Sl at the 

input to NAND22 will both be at logic 11 111 • It can be 

10 shown, again by the techniques of Boolean algebra, that 

in this situation these NANO gates operate in the 

manner of inverters, that is, the signal QI2 from the 

output of latch LI2 is inverted in NAND20 and then this 

signal is inverted again by NAND22 to form the signal 

15 S2. In this case, since there are two logical 

inversions in this path, the signal 52 will have the 

same value as QI2. 

It can also be seen that the signal DATA TOKEN at 

the output of latch L02 forms the input to latch LI2. 

20 As a result, as long as the situation in which both QI1 

and Sl are HIGH remains the signal DATA_TOKEN will 

retain its state (whether "O" or 11 111 ). This is true 

even though the clock signals PHO and PHl are clockinq 

the latches (LI2 and L02 respectively). The value of 

25 DATA_TOKEN can only change when one or both of the 

signals Qil and Sl are 11 011 • 

As explained earlier, the signal Qil will be "O" 

when the previous extension bit was 11 0 11 • Thus it will 

be 11 011 whenever the MID_DATA value is the first word 

30 of a token (and thus includes the address field for the 

token). In this situation, the signal Sl may be either 
11 0 11 or 11 111 • As explained earlier, signal Sl will be 
11 0 11 if the MID DATA word has the predetermined 

structure that in this example indicates a "DATA" 

35 token. If the MID_DATA word has any other structure, 

{indicating that the token is some other token, not a 

DATA token), Sl will be 11 1 11 • 
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If Qil is 11 011 and Sl is 11 111 , indicating some token 

other than a data token, then as is well known in the 
field of digital electronics, the output of NAND20 will 
be "l". The NANO gate NAND22 will invert this (as 

5 previously explained) and the signal S2 will thus be 
a 11 011 • As a result, this 11 011 value will be loaded into 
latch L02 at the start of the next PHl clock phase and 
the DATA_TOKEN signal will become 11 011 , indicating that 

the circuitry is not processing a DATA token. 
10 If Qil is 11 011 and so is 11 011 , thereby indicating 

a DATA token, then the signal S2 will be 11 1 11 

(regardless of the other input to NAND22 from the 
output of NAND20). As a result, this 11 111 value will 
be loaded into latch L02 at the start of the next PH1 

15 clock phase and the DATA_TOKEN signal will become 11 111 , 

indicating that the circuitry is processing a DATA 

token. 
The NOT_DUPLICATE signal (the output signal QOJ) 

is similarly loaded into the latch LI3 on the next 
20 rising edge of the clock PHO. The output signal QIJ 

from the latch LIJ is combined with the output signal 
QI2 in a gate NAND24 to form the signal SJ. As before, 
Boolean algebra can be used to show that the signal S3 
is a 11 011 only when both of the signals QI2 and QI3 have 

25 the value "1". If the signal QI2 becomes a "O", that 
is, the DATA TOKEN signal is a 11 0", then the signal S3 

becomes a "1 11 
• In other words, if there is not a valid 

DATA TOKEN (QI2 = O) or the data word is not a 

duplicate (QI3 = O), then the signal SJ goes high. 
30 Assume now that the data token signal remains HIGH 

for more than one clock signal. Since the 

NOT_DUPLICATE signal (Q03) is "fed back" to the latch 
LI3 and will be inverted by the gate NANO 24 (since its 

other input QI2 is held HIGH}, the output signal Q03 

35 will toggle between 11 011 and 11 111 • If there is no valid 

data token, however, the signal QI2 will be a "O", and 

the signal SJ and, therefore, the output QOJ, will be 
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forced HIGH until the OATA_TOKEN signal once again goes 

to a "l". 

The output Q03 (the NOT_DUPLICATE signal) is also 

fed back and is combined with the output QAl from the 

5 acceptance latch LAIN in _a series of logic gates 

(NAN016 and INV16, which together form an AND gate) 

that have as their output a 11 1 11 only when the signals 

QAl and Q03 both have the value "111 • As Fig. Sa shows, 

the output from the AND gate (the gate NAND16 followed 

10 by the gate INV16) also forms the acceptance signal 

IN_ACCEPT, which is used as above in the two-wire 

interface structure. 

The acceptance signal IN_ACCEPT is also used as 

an enabling signal to the latches LOIN, LEIN, and LVIN. 

15 The result of this is that if the NOT_DUPLICATE signal 

is low, then the acceptance signal IN_ACCEPT will also 

be low, and all three of these latches will be disabled 

and will hold the values stored at their outputs. The 

stage will not accept new data until the NOT_DUPLICATE 

20 signal becomes HIGH, in addition to the requirements 

describ~d above for forcing the output from the 

acceptance latch LAIN high. 

As long as there is a valid DATA TOKEN (the 

DATA_TOKEN signal Q02 is a 11 1 11 ), the signal Q03 will 

25 toggle between the HIGH and LOW states, so that the 

input latches will be enabled and will be able to 

accept data at most during every other complete cycle 

of both clock phases PHO, PHl. The additional 

condition that the following stage be prepared to 

30 accept data, as indicated by a "HIGH" OUT_ACCEPT 

signal, must, of course, still be satisfied. The 

output latch LDOUT will, therefore, place the same data 

word onto the output bus OUT_DATA for at least two full 

clock cycles. The OUT_ VALID signal will be a "1 11 only . 

35 when there is both a valid DATA TOKEN (Q02 HIGH) and 

the validation signal QVOUT is HIGH. 

iiiiif i1ii if 
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The signal QEIN, which is the extension bit 

corresponding to MID_OATA, is combined with the signal 

SJ in a series of logic gates (INVlO and NANDlO) to 

form a signal 54. During a DATA token, each data word 

s MID_DATA will be repeated by loading it into the output 

latch LDOUT twice. During the first of these, S4 will 

·be forced to a 11 1" by the action of NANDlO. The signal 

S4 is loaded in the latch LEOUT to form OUTEXTN at the 

same time as MID DATA is loaded into LDOUT to form 

10 OUT_DATA[7:0]. 
Thus, the first time a given MID_DATA is loaded 

into LEOUT, the associated OUTEXTN will be forced high, 

whereas, on the second occasion, OUTEXTN will be the 

same as the signal QEIN. Now consider the situation 

15 during the very last word of a token in which QEIN is 

known to be low. During the first time MID_DATA is 

loaded into LDOUT, OUTEXTN will be "l" and the second 

time OUTEXTN will be "O", indicating the true end of 

the token. 

20 The output signal QVIN from the validation latch 

LVIN is combined with the signal QIJ in a similar gate 

combination (INV12 and NAND12) to ·form a signal ·ss. 
Using known Boolean techniques, it can be shown that 

the signal SS is HIGH either when the validation signal 

25 QVIN is HIGH, or when the signal QIJ is low (indicating 

that the data is a duplicate) • The signal SS is loaded 

into the validation output latch LVOUT at the same time 

that MID_DATA is loaded into LDOUT and the intermediate 

extension bit (signal S4) is loaded into LEOUT. Signal 

30 SS is also combined with the signal Q02 (the data token 

signal) in the logic gates NAND30 and INV30 to form the 

output validation signal OUT_VALID. As was mentioned 

earlier, OUT_VALID is HIGH only when there is a valid 

token and the validation signal QVOUT is high. 

35 The MID ACCEPT signal is combined with the signal 

SS in a series of logic gates (NAND26 and INV26) that 

performs the well-known AND function to form a signal 
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S6 that is used as one of the two enabling signals to 

the latches LOl, L02 and LOJ. The signal 56 rises to 

a "1" when the MID_ACCEPT signal is HIGH and when 

either the validation signal QVIN is high, or when the 

5 token is a duplicate (QIJ is a 11 0 11 ). If the signal 

MID_ACCEPT is HIGH, the latches L01-L03 will therefore 

be enabled when the clock signal PHl is high whenever 

valid input data is loaded at the input of the stage, 

or when the latched data is a duplicate. 

10 From the discussion above, one will see that the 

stage shown in Figs. Sa and Sb will receive and 

transfer data between stages under the control of the 

validation and acceptance signals, as in previous 

embodiments, with the exception that the output signal 

15 from the acceptance latch LAIN at the input side is 

combined with the toggling duplication signal so that 

a data word will be output twice before a new word will 

be accepted. 

The various logic gates-such as NAND16 and INV16 

20 may, of course, be replaced by equivalent logic 

circuitry (in this case, a single AND gate). 

Similarly, if the latches LEIN and LVIN, for example, 

have inverting outputs, the inverters INVlO and INV12 

would not be necessary; rather, the corresponding input 

25 to the gates NANDlO and NAND12 could be tied directly 

to the inverting outputs of these latches. As long as 

the proper logical operation is performed, the stage 

will operate in the same manner. Data words and 

extension bits will still be duplicated. 

30 One should note that the duplication function that 

the illustrated stage performs will not be performed 

unless the first data word of the token has a "1" in 

the third position of the word and "O's" in the five 

high-order bits. (Of course, the required pattern can 

35 be easily changed and set by ·selecting other logic 

gates and interconnections than the NORl, NOR2, NND18 

gates shown. ) 

This Sheet Has Been Replaced 
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In addition, as Fig. 8 shows, the OUT_VALID signal 

will be forced low during the entire token unless the 

first data word has the structure described above. 

This has the effect that all tokens except the one that 

5 causes the duplication process will be deleted from the 

token stream, since a device connected to the output 

terminals (OUTDATA, OUTEXTN and OUTVALID) will not 

recognize these token words as valid data. 

As before, both validation latches LVIN, LVOUT in 

10 the stage can be reset by a single conductor 

NOT_RESETO, and a single resetting input R on the 

downstream latch LVOUT, with the reset signal being 

propagated backwards to cause the upstream validation 

latch to be forced low on the next clock cycle. 

15 It should be noted that in the example shown in 

Fig. s the duplication of data contained in DATA tokens 

serves only as an example of the way in which circuitry 

may manipulate the ACCEPT and VALID signals so that 

more data leaves the pipeline stage than arrives at the 

20 input. Similarly, the example in Fig. S removes all 

non-DATA tokens purely as an illustration of the way 

in which circuitry may manipulate the VALID signal to 

remove data from the stream. In most typical 

applications, however, a pipeline stage will simply 

25 pass on any tokens that it does not recognize 

unmodified so that other stages further along in the 

pipeline may act upon them if required. 

Figs. 9a and 9b together show an example of a 

timing diagram for the data duplication circuit shown 

30 in Figs. Sa and Sb. As before, the timing diagram 

shows the relationship between the two-phase clock 

signals, the various internal and external control 

signals, and the manner in which data is clocked 

between the input and output sides of the stage and is 

35 duplicated. 
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CLAIMS 

1. A data pipeline system for processing data 

including a plurality of sequential pipeline stages, 

each having an input to receive an input signal 

( IN_DATA), an output to deliver an output signal 

(OUT_DATA) to the input of a following stage and at 

least one data storage device (LDOUT); 

c H A R A c T E R I z E D in that: 

validation circuitry (LVIN, LVOUT) is included in 

each stage for generating a validation signal 

(OUT_VALID) with a first state when data stored in the 

stage is valid and with a second state when data stored 

in the stage is invalid; 

each adjacent pair of pipeline stages is connected 

by an acceptance line for conveying an acceptance 

signal (IN_ACCEPT, OUT_ACCEPT) indicative of the 

ability of the following pipeline stage to load data 

·stored in the current pipeline stage; and 

enabling circuitry is provided responsive to the 

validation signal (OUT_ VALID) and the acceptance signal 

( IN_ACCEPT, OUT_ACCEPT) for generating an enabling 

signal to enable loading of data into the storage 

device. 

2. A system according to claim 1, including: 

an output data storage device (LDOUT); and 

at least one validation storage device ( LVOUT) 

that stores the validation signal for its stage and is 

included in the validation circuitry. 

3. A system according to claim 2, wherein the 

validation storage device (LVOUT) is connected to the 

enabling circuitry. 

4. A system according to any one of the 

preceding claims, and arranged such that the acceptance 

\ \11\11\ \\\I\\ Ill\\ \\1\1; \\ \II\ 
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signal ( IN_ ACCEPT, OUT_ ACCEPT) constitutes the enabling 

signal for the data storage device and validation 

circuitry. 

5. A system according to claim 2 or 3, or to 
claim 4 when appended to claim 2, wherein: 

the data storage devices include a primary data 

storage device and a secondary data storage device: 
data is loaded into the respective primary data 

storage devices and validation signals are loaded into 
respective primary validation storage devices at the 
same time; and 

data is loaded into each respective primary data 
storage device when the acceptance signal assumes an 

enabling state. 

6. A system according to claim 5, wherein the 
acceptance signal is arranged to assume the enabling 

state only when the acceptance signal associated with 
the immediately following data storage ·device is in the 

enabling state or the data in the data storage qevice 
is invalid. 

7. A system according to claim 5 or 6, and 

including acceptance processing circuitry. 

8. A system according to any one of the 
preceding claims, wherein: 

an input data storage device ( LDIN) of each stage 
forms a secondary data storage device and a secondary 

validation storage device (LVIN) is included in each 
stage; and 

a primary acceptance storage device ( LAOUT) is 

included in each stage for storing the state of the 

acceptance signal {OUT_ACCEPT) of an immediately 
following stage. 

I 1111111111111111111111111 1111 
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9. A system according to claim 8, wherein the 

primary data output signals and validation output 

signals are arranged to be derived from a single 

primary storage unit and the secondary data output 

signals and validation output signals are arranged to 

be formed as sections of a single secondary storage 

unit • 

10. A system according to claim 8 or 9, wherein: 

a secondary acce~tance storage device {LAIN) is 

included in each stage; and 

each stage is connected to a multi-phase, non­

overlapping, clock {PHO, PHl). 

11. A system according to claim 10, wherein: 

the primary data storage device (LDOUT), primary 

validation storage device {LVOUT) and secondary 

acceptance storage device (LAIN) is arranged to be 

enabled .by a first clock phase signal (PHl) and the 

secondary data storage device {LDOUT), secondary 

validation storage device ( LVOUT) and primary 

acceptance storage device {LAIN) is arranged to be 

enabled by a second clock phase signal (PHO). 

12. A system according to any one of the 

preceding claims, wherein: 

each pipeline stage includes predetermined 

processing circuitry; and 

the output from each secondary data storage device 

(LOIN) is connected as an input to the primary data 

storage device (LDOUT) of the corresponding stage via 

arbitrary logic circuitry. 

13. A system according to claim 12, wherein the 

predetermined processing circuitry has at least one 

active mode and an inactive mode. 

' \11\lll llllll ""' ""' " lit\ * c L M S * 
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14. A system according to claim 12 or 13, 

wherein: 

predetermined ones of the pipeline stages include 

a decoding circuit connected to the output of a 

predetermined one of the data storage devices, whereby 

the processing circuitry of each pipeline stage assumes 

the active state only when the stage contains a 

predetermined stage activation signal pattern and 

remains in the activation mode until the stage contains 

a predetermined stage deactivation signal pattern. 

15. A system according to claim 10 or 14, 

wherein: 

each pipeline stage includes a present extension 

bit input latch (LEIN) and an extension . bit output 

latch ( LEOUT) for loading an extension bit under 

control of the first clock phase signal (PHO), with the 

extension bit being transferred from a preceding device 

via an extension bit conductor (IN_EXTN; OUT_EXTN); 

the output from the present extension bit input 

latch (LEIN) is connected to the input of the extension 

bit output latch (LEOUT); 

loading of the extension bit into the present 

extension bit input latch (LEIN) is enabled by the 

first clock signal (PHO) and loading of the extension 

bit into the extension bit output latch is enabled by 

the first clock signal ( PHl), whereby the extension bit 

output latch loads the value of the extension bit 

previously loaded into the extension bit input latch; 

each pipeline stage includes a previous extension 

bit latch ( LEPREV) for loading the output from the 

extension bit output latch ( LEOUT) under control of the 

first clock signal (PHO); 

the extension bit is transferred from the 

preceding device via an extension bit conductor 

( IN_EXTN; OUT_EXTN) to the input of the present 

extension bit latch (LEIN); and 
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the processing circuitry of each pipeline stage 

assumes the active state only when previous extension 

bit, loaded in the previous extension bit latch 

{ LEPREV) is in a predetermined one of two logical 

states. 

16. A data pipeline system for processing data 

including a plurality of sequential pipeline stages, 

there being an input data storage device (LOIN) and an 

output data storage device {LDOUT) in each stage, with 

the output data storage device of each stage connected 

to the following input data storage device; 

c H A R A c T E R I z E D in that: 

each pipeline stage is arranged to generate an 

acceptance signal to the immediately preceding pipeline 

stage with a first state when it does not contain valid 

data and when it contains valid data that can be 

transferred to a following data storage device, and 

with a second state when it contains valid data· that 

cannot be passed to the following data storage device. 

17. A system according to cla·im 16, wherein: 

each stage has an unblocked state, in which it is 

able to receive data without loss of previously stored 

valid data, and a blocked state, in which it contains 

valid data that cannot be transferred from the 

corresponding data storage device; 

data can be transferred into a current one of the 

pipeline stages even when at least one other pipeline 

stage following the current stage is in the blocked 

state; and 

each stage includes predetermined processing 

circuitry with an active state, which it enters when 

data entering the stage has a predetermined activation. 

pattern, and an inactive state, in which the stage 

passes data to the following stage without processing. 
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18. A data pipeline system for processing data 
including a plurality of sequential pipeline stages, 

there being an input data storage device (LOIN) and an 

output data storage device (LDOUT) in each stage, with 
the output data storage device of each stage connected 
to the following input data storage device; 

c H A R A c T E R I z E D in that: 
each stage has an unblocked state, in which it is 

able to receive data without loss of previously stored 

valid data, and a blocked state, in which it contains 

valid data that cannot be transferred from the 

corresponding data storage device; and 
data can be transferred into a current one of the 

pipeline stages even when at least one other pipeline 
stage following the current stage is in the blocked 

state. 

19. A system according to claim 18, wherein : 
each pipeline stage is operable to generate an 

acceptance signal to the immediately preceding pipeline 
stage with a first state when it does not contain valid 
data and when it contains valid data that can · be 

transferred to a following data storage device, and 

with a second state when it contains valid data that 
cannot be passed to the following data storage device; 
and 

each stage includes predetermined processing 

circuitry with an active state, which it enters when 
data entering the stage has a predetermined activation 
pattern, and an inactive state, in which the stage 

passes data to the following stage without processing. 

20. A data pipeline system for processing data 

including a plurality of sequential pipeline stages, 

there being an input data storage device (LOIN) and an 

output data storage device (LDOUT) in each stage, with 
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the output data storage device of each stage connected 

to the following input data storage device: 

c H A R A c T E R I z E D in that: 

each stage includes predetermined processing 

circuitry with an active state, which it enters when 

data entering the stage has a predetermined activation 

pattern, and an inactive state, in which the stage 

passes data to the following stage without processing. 

21. A system according to claim 20, wherein: 

each stage has an unblocked state, in which it is 

able to receive data without loss of previously stored 

valid data, and a blocked state, in which it contains 

valid data that cannot be transferred from the 

corresponding data storage device; 

data can be transferred into a current one of the 

pipeline stages even when at least one other pipeline 

stage following the current stage is in the blocked 

state; and 

each pipeline stage generates an acceptance signal 

to the immediately preceding pipeline stage with a 

first state when it does not contain valid data and 

when it contains valid data that can·be transferred to 

a following data storage device, and with a second 

state when it contains valid data that cannot be passed 

to the following data storage device. 

22. A method for encoding digital data in a 

pipeline, with the pipeline including a plurality of 

stages and each stage having an active mode, in which 

it transforms corresponding work data, and a passive 

mode; 

C H A R A C T E R I Z E D by the following steps: 

a) applying a series of data words as a data 

stream to a first one of the pipeline stages in the 

form of digital signals; 

------------··-·--
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b) generating and assigning to predetermined ones 

of the pipeline stages respective, predetermined, 

unique data activation words, whereby each stage 

assumes its active state only upon receipt of the 

corresponding data activation word; 

c) for a plurality of input data blocks, 

including in the data stream a sequence of address 

signals and, for each data word, an extension bit, a 

series of address bi ts, and data bi ts, ~hereby the 

extension bit has a first and a second logical state; 

d) setting the extension bit to the first logical 

state for a selected boundary word in each data block 

and to the second logical state for every other data 

word in the data block; and 

e) setting the address bi ts equal to 

corresponding bits of the activation code for the 

pipeline stage for which the data bits in the same data 

block are work data for the corresponding stage. 

23. In combination for providing a controlled 

passage of data, 

a plurality of stages coupled to one another in 

a pipeline arrangement, 

first means in each of the stages in the pipeline 

arrangement for indicating whether such stage is able 

to pass data to the next stage in the pipeline 

arrangement: 

second means in each of the stages in the pipeline 

arrangement for indicating whether such stage is able 

to receive data from the previous stage in the pipeline 

arrangement, and 

means responsive in each stage to the indications 

of the first means from such stage and the second means 

from the next stage in the pipeline arrangement for 

passing the data from such stage to the next stage in 

the pipeline arrangement in accordance with such 

indications. 
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24. In a combination as set forth in claim 23, 

fourth means for providing clock signals, and 
fifth means for synchronizing the operation of the 

third means in each stage with the clock signals in 

passing the data from such stage to the next stage in 
the pipeline arrangement. 

25. In a combination as set forth in claim 24, 
wherein 

the first means in each of the stage in the 
pipeline arrangement include first latching means, and 

the second means in each of the stages in the 

pipeline arrangement include second latching means, and 
the third means in each of the stages in the 

pipeline arrangement include third latching means. 

26. In a combination as set forth in claim 25, 

fourth means for providing clock signals having 
first and second phases, 

the first latching means in each stage in the 

pipeline arrangement means being responsive to the 
first phase in the clock signals to become latched, 

the third latching means in each stage in the 
pipeline arrangement being responsive to the first 

phase in the clock signals to become latched, and 
the second latching means in each stage in the 

pipeline arrangement being responsive to the second 

phase in the clock signals to become latched. 

27. In combination for providing a controlled 

passage of data, 

a plurality of stages coupled to one another in 

a pipeline arrangement, 
first means in each of the stages in the pipeline 

arrangement for storing data, 
second means in each individual one of the stages 

in the pipeline arrangement for determining at each 
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instant wheth.er the next stage in the pipeline 

arrangement is able at that instant to receive a 

transfer to the next stage of the data stored in such 

individual stage at that instant, and 

third means in each individual one of the stages 

in the pipeline arrangement for determining at each 

instant whether such stage is able at that instant to 

pass data to the next stage in the pipeline 

arrangements, 

fourth means in each individual one of the stages 

in the pipeline arrangement for passing the data stored 

in such stage at each instant to the next stage in the 

pipeline arrangement in accordance with the 

determination provided at that instant by the third 

means for such individual stage and the second means 

for the next stage in the pipeline arrangement, 

the operation of the fourth means for each stage 

in the pipeline arrangement at each instant being 

independent of the operation of the fourth means for 

the other stages in the pipeline arrangement at that 

instant to provide for the passage of data at each 

instant of data from individual ones of the stages in 

the pipeline arrangement at that instant to the stages 

next to such individual stages in the pipeline 

arrangement without the passage at such instant of data 

from other stages in the pipeline arrangement.to the 

stages next to such other stages in the pipeline 

arrangement. 

28. In a combination as set forth in claim 27, 

means for resetting at least alternate stages in 

the pipeline arrangement to provide for the subsequent 

passage of information to each stage from the previous 

stage in the pipeline arrangement. 

29. In a combination as set forth in claim 27, 

fifth means for providing clock signals, 
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the first means in each stage in the pipeline 

arrangement including first latching means, 

the second means in each stage in the pipeline 

arrangement including second latching means, 
the third .means in each stage in the pipeline 

arrangement including third latching means, 

the first, second and third latching means being 

synchronized in operation in accordance with the clock 
signals from the fifth means. 

30. In a combination as set forth in claim 27, 
fifth means for providing an individual address 

for each of the different stages in the pipeline 

arrangement, each of the addresses being formed by an 

individual sequence of binary bits with a different 
number of binary bits in the sequence than the number 
of binary bits in the sequence for other stages in the 

pipeline arrangement, the combination of the binary 

bi ts for each progressive number of binary· bi ts in each 

sequence being different from the combination of the 
binary bits for such progressive number of binary bits 
in the sequences for the other stages in the pipeline 
arrangement, 

means in each stage in the pipeline arrangement 

for responding to the individual address for such 
stage, and 

means for passing each of the addresses in the 
pipeline arrangement sequentially through the 
successive stages .in the pipeline arrangement to the 

stage responsive in the pipeline arrangement to such 

individual address. 

31. In combination for providing a controlled 

passage of data, 

a plurality of stages coupled to one another in 
a pipeline arrangement, 
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first means for providing an individual address 

for each of the different stages in the pipeline 

arrangement, each of the individual addresses being 

formed by an individual sequence of binary bits with 

a di-fferent number of binary bits in the sequence than 

the number of binary bits in the sequence for other 

stages in the pipeline arrangement, the combination of 

the binary bits for each progressive number of binary 

bits in each sequence being different from the 

combination of the binary bits for such progressive 

number of binary bits in the sequence for the other 

stages in the pipeline arrangement, 

second means in each stage in the pipeline 

arrangement for responding to the individual address 

for such stage, and 

third means for passing each of the addresses in 

the pipeline arrangement sequentially through the 

successive stages in the pipeline arrangement to the 

stage responsive in the pipeline arrangement to such­

indi vidual address. 

32. In a cqmbination as set forth in claim 3lr 

each of the individual addresses being associated 

in a token with data individual to such address, and 

means responsive in each stage in the pipeline 

arrangement to the address individual to such stage for 

processing the data associated with such individual 

address. 

33. In a combination as set forth in claim 22r 

each of the addresses being included in a token, 

each of the tokens being formed from an individual 

number of words, each of the words in each token having 

at a particular position an extension bit indicating 

the termination of the token or the extension of the 

token to the next word, and 
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means in each individual stage in the pipeline 

arrangement for responding to the extension bit in each 

successive word for a token having an address 

identified by such individual stage for terminating or 

extending such token in accordance with the 

characteristics of such extension bit in each such 

successive word in such token. 

34. In a combination as set forth in claim 33, 

at least.one of the words in each token including 

data, and 

means responsive in each individual stage.to the 

token having the address identified by such individual 

stage for processing the data in such token. 

35. In a combination as set forth in claim 34, 

means in each stage in the pipeline arrangement 

for providing a first indication of the readiness of 

such stage to pass data in such stage to a next stage 

in the pipeline arrangement and a second indication of 

the readiness of such stage to receive data from the 

previous stage in the pipeline arrangement, and 

means in each stage in the pipeline arrangement 

for passing data to the next stage in the pipeline 

arrangement in accordance with the indication in such 

stage of the readiness of such stage to pass data to 

the next stage in the pipeline arrangement and the 

indication in the next stage in the pipeline 

arrangement of the readiness of such next stage to 

receive data. 

36. In combination for processing data, 

a plurality of stages connected in a pipeline 

arrangement, 

first means for providing tokens each formed from 

a number of words between one ( 1) and a particular 

number greater than one (1), each of the words in each 
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token including an extension bit and at least one of 

the words in each token including an address and words 

in the token including data, the address in each token 

identifying ian individual one of the stages in the 

pipeline arrangement, the extension.· bit in each word 

in each token having first characteristics indicating 

the beginning of the token and second characteristics 

indicating the extension of the token to the word 

incorporating the extension.bit, 

second means for passing each token to the 

successive stages in the pipeline arrangement until the 

token reaches the individual stage identified in the 

pipeline arrangement by the address in that token, 

third means in each stage in the pipeline 

arrangement for identifying the address individual to 

that stage, 

fourth means in each stage in the pipeline 

arrangement for processing the data in each token upon 

the identification by that stage of the address 

individual to such stage. 

37. In a combination as set forth in claim 36, 

the fourth means in each stage in the pipeline 

arrangement including means for processing the data in 

the successive words in the tokens identified by such 

stage until the occurrence of an extension bit 

identifying, in one of the successive words, the 

beginning of the next token. 

38. In a combination as set forth in claim 37, 

fifth means for providing an individual address 

for each of the stages in the pipeline arrangement, 

each of the addresses being formed by an individual 

number of binary bits in the sequence than the number 

of binary bits in the sequence for other stages in the 

pipeline arrangement, the combination of binary bits 

for each progressive number of binary bi ts in each 
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sequence being different from the combination of the 

binary bits for such progressive number of binary bits 

in the sequence for the other stages in the pipeline 

arrangement, and 

sixth means in each individual stage in the 

pipeline arrangement for passing each of the token to 

the next stage in the pipeline arrangement when the 

address in such token is not identified by such 

individual stage. 

39. In a combination as set forth in claim 37, 

fifth means in each individual stage in the 

pipeline arrangement for determining at each instant 

whether the next stage in the pipeline arrangement is 

able at that instant to receive a transfer to the next 

stage of the data stored in such indiv~dual stage at 

that instant, 

sixth means in each individual stage in the 

pipeline arrangement for determining at each instant 

whether such stage is able at that instant to pass data 

to the next stage in the pipeline arrangement, and 

seventh means in each individual stage in the 

pipeline arrangement for passing data in such stage to 

the next stage in the pipeline arrangement in 

accordance with the determination provided at that 

instant by the sixth me.ans for that stage and by the 

fifth means for the next stage in the pipeline 

arrangement. 
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