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(57) ABSTRACT 

The present invention includes a adaptable high-perfor 
mance node (RXN) With several features that enable it to 
provide high performance along With adaptability. A pre 
ferred embodiment of the RXN includes a run-time con?g 
urable data path and control path. The RXN supports multi 
precision arithmetic including 8, 16, 24, and 32 bit codes. 
Data How can be recon?gured to minimiZe register accesses 
for different operations. For example, multiply-accumulate 
operations can be performed With minimal, or no, register 
stores by recon?guration of the data path. Predetermined 
kernels can be con?gured during a setup phase so that the 
RXN can ef?ciently execute, e.g., discrete cosine transform 
(DCT), fast-Fourier transform (FFT) and other operations. 
Other features are provided. 
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ADAPTABLE DATAPATH FOR A DIGITAL 
PROCESSING SYSTEM 

CLAIM OF PRIORITY 

[0001] This application claims priority from US. Provi 
sional Patent Application Serial No. 60/422,063, ?led Oct. 
28, 2002; entitled “RECONFIGURATION NODE RXN” 
Which is hereby incorporated by reference as if set forth in 
full in this application. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] This application is related to the following co 
pending US. patent applications that are each incorporated 
by reference as if set forth in full in this application: 

[0003] “INPUT PIPELINE REGISTERS FOR A NoDE 
IN AN ADAPTIVE COMPUTING ENGINE,” Ser. No. 

[TBD], ?led [TBD] (Our Ref. No. 021202 
003720US); 
[0004] “CACHE FOR INSTRUCTION SET ARCHITEC 
TURE USING INDEXES TO ACHIEVE COMPRES 

SION,” Ser. No. [TBD], ?led [TBD] (Our 
Ref. No. 021202-003730US); 

[0005] “METHOD FOR ORDERING OPERATIONS 
FOR SCHEDULING BYAMODULO SCHEDULER FOR 
PROCESSORS WITH A LARGE NUMBER OF FUNC 
TION UNITS AND RECONFIGURABLE DATA PATHS,” 
Ser. No. 10/146,857, ?led on May 15, 2002 (Our Ref. No. 
021202-002700US); 
[0006] “UNIFORM INTERFACE FOR AFUNCTIONAL 
NODE IN AN ADAPTIVE COMPUTING ENGINE,” Ser. 
No. [TBD], ?led on May 21, 2003 (Our Ref. No. 
021202-003400US); 
[0007] “HARDWARE TASK MANAGER FOR ADAP 
TIVE COMPUTING,” Ser. No. [TBD], ?led on 
May 21, 2003 (Our Ref. No. 021202-003500US); 

[0008] “ADAPTIVE INTEGRATED CIRCUITRY WITH 
HETEROGENEOUS AND RECONFIGURABLE MATRI 
CES OF DIVERSE AND ADAPTIVE COMPUTATIONAL 
UNITS HAVING FIXED, APPLICATION SPECIFIC 
COMPUTATIONAL ELEMENTS,” Ser. No. 09/815,122, 
?led on Mar. 22, 2001; 

BACKGROUND OF THE INVENTION 

[0009] This invention is related in general to digital pro 
cessing architectures and more speci?cally to the use of a 
adaptable data path using register ?les to ef?ciently imple 
ment digital signal processing operations. 

[0010] Digital signal processing (DSP) calculations 
require many iterations of fast multiply-accumulate and 
other operations. Typically, the actual operations are accom 
plished by “functional units” such as multipliers, adders, 
accumulators, shifters, etc. The functional units obtain val 
ues, or operands, from a fast main memory such as random 
access memory The DSP system can be included 
Within a chip that resides in a device such as a consumer 

electronic device, computer, etc. 

[0011] The design of a DSP chip can be targeted for 
speci?c DSP applications. For example, in a cellular tele 
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phone, a DSP chip may be optimiZed for time-division 
multiple access (TDMA) processing. A voice-over-internet 
protocol (VoIP) application may require vocoding opera 
tions, and so on. It is desirable for a chip manufacturer to 
provide a single chip design that can be adapted to different 
DSP applications. Such a chip is often described as an 
adaptable, or con?gurable, design. 

[0012] One aspect of an adaptable design for a DSP chip 
includes alloWing ?exible and con?gurable routing betWeen 
the different functional units, memory and other components 
such as registers, input/output and other resources on the 
chip. A traditional approach to providing ?exible routing 
uses a data bus. Such an approach is shoWn in FIG. 1. 

[0013] In FIG. 1, memory bus 10 interfaces With a 
memory (not shoWn) to provide values from the memory to 
processing components such as functional unit blocks 30, 32 
and 34. Values from memory bus 10 are selected and routed 
through memory bus interface 20 to data path bus 36. The 
functional unit blocks are able to obtain values from data 
path bus 36 by using traditional bus arbitration logic (e.g., 
address lines, bus busy, etc.). Within a block, such as 
functional unit block 30 of FIG. 1, there may be many 
different components, such as a bank of multipliers, to Which 
the data from data path bus 36 can be transferred. In this 
manner, any arbitrary value from memory can be provided 
to any functional unit block, and to components Within 
blocks of functional units. 

[0014] Values can also be provided betWeen functional 
unit blocks by using the data path bus. Another resource is 
register ?le 60 provided on data path bus 36 by register ?le 
interface 50. Register ?le 60 includes a bank of fast registers, 
or fast RAM. Register ?le interface 50 alloWs values from 
data path bus 36 to be exchanged With the register ?le. 
Typically, any register or memory location Within register 
?le 60 can be placed on data path bus 36 Within the same 
amount of time (e.g., a single cycle). One Way to do this is 
to provide an address to a location in the register ?le, either 
on the data path bus, itself, or by using a separate set of 
address lines. This approach is very ?exible in that any value 
in a component of a functional unit block can be transferred 
to any location Within the register ?le and vice versa. 

[0015] HoWever, a draWback With the approach of FIG. 1, 
is that such a design is rather expensive to create, sloW and 
does not scale Well. A bus approach requires considerable 
overhead in control circuitry and arbitration logic. This takes 
up real estate on the silicon chip and increases poWer 
consumption. The use of a large, randomly addressable 
register ?le also is quite costly and requires inclusion of tens 
of thousands of additional transistors. The use of such 
complicated logic often requires bus cycle times to be 
sloWer to accommodate all of the sWitching activity. Finally, 
such an approach does not scale Well since, e.g., adding 
more and more functional unit blocks Will require additional 
addressing capability that may mean more lines and logic. 
Additional register ?le space may also be required. The data 
path bus Would also need to be routed to connect to the 
added components. Each functional unit block also requires 
the bus control and arbitration circuitry. 

[0016] Thus, it is desirable to provide an interconnection 
scheme for digital processor applications that improves over 
one or more of the above, or other, shortcomings in the prior 
art. 



US 2004/0133745 A1 

SUMMARY OF THE INVENTION 

[0017] The present invention uses dedicated groups of 
con?gurable data path lines to transfer data values from a 
main memory to functional units. Each group of data path 
lines includes a register ?le dedicated for storage for each 
group of lines. Functional units can obtain values from, and 
store values to, main memory and can transfer values among 
the registers and among other functional units by using the 
dedicated groups of data path lines and a data address 
generator (DAG). 
[0018] DAG circuitry interfaces each group of datapath 
lines to a main memory bus. Each DAG is controllable to 
select a value of varying bit Width from the memory bus, or 
to select a value from another group of data path lines. In a 
preferred embodiment, eight groups of 16 data path lines are 
used. Each group includes a register ?le of eight 16-bit 
Words on each group of 16 data path lines. Registers can 
hold a value onto their associated group of data path lines so 
that the value is available at a later time on the lines Without 
the need to do a later data fetch. 

[0019] In one embodiment the invention provides a data 
path circuit in a digital processing device, Wherein the data 
path circuit is coupled to a memory bus for obtaining values 
from a memory, the data path circuit comprising a ?rst 
plurality of data lines; a ?rst data address generator for 
coupling the ?rst plurality of data lines to the memory bus 
so that a value from the memory transferred by the memory 
bus can be placed onto the ?rst plurality of data lines; one 
or more functional units for performing a digital operation 
coupled to the plurality of data lines; and a register coupled 
to the ?rst plurality of data lines, Wherein the register 
selectively stores a value from the ?rst plurality of data lines 
so that the value is selectively available on the ?rst plurality 
of data lines. 

[0020] Another aspect of the invention provides both 
general and direct data paths betWeen array multipliers and 
accumulators. Banks of accumulators are coupled to the 
groups of con?gurable data path lines and are also provided 
With direct lines to the multipliers. An embodiment of the 
invention provides a digital processing system comprising a 
multiplier; an accumulator; a con?gurable data path coupled 
to the multiplier and the accumulator; and a direct data path 
coupled betWeen the multiplier and the accumulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 
bus; 
[0022] FIG. 2 illustrates the con?gurable data path 
arrangement of the present invention; 

FIG. 1 shoWs a prior art approach using a data path 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] A preferred embodiment of the invention is incor 
porated into a node referred to as a Adaptable Node (RXN) 
in a adaptive computing engine (ACE) manufactured by 
Quicksilver, Inc., of San Jose, Calif. Details of the ACE 
engine and RXN node can be found in the priority and 
related patent applications reference above. Aspects of the 
invention described herein are adaptable for use With any 
generaliZed digital processing system, such as a system 
adapted for digital signal processing or other types of 
processing. 
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[0024] FIG. 2 illustrates the con?gurable data path 
arrangement of the present invention. 

[0025] In FIG. 2, digital processing system 100 is 
designed for fast DSP-type processing such as in discrete 
cosine transformation (DCT), fast fourier transformation 
(FFT), etc. Digital processing system 100 includes four 
32-bit data path address generators (DAG) to interface 
betWeen four groups of con?gurable data path lines 200 and 
a main memory bus 110. Main memory bus 110 is an 
arbitrated high-speed bus as is knoWn in the art. Other types 
of main memory accessing can be used. 

[0026] Each group of 32 lines includes tWo subgroups of 
16 lines each. Each subgroup connected to a register ?les of 
eight 16-bit Words. For example, DAG 120 is connected to 
register ?les 180 and 182. DAG 122 is connected to register 
?les 184 and 186. Similarly, DAGs 124 and 126 are con 
nected to register ?les 188, 190 and 192, 194, respectively. 
Naturally, other embodiments can use any number of DAGs, 
groups, subgroups register ?les. Although speci?c bit 
Widths, numbers of lines, components, etc., and speci?c 
connectivity are described, many variations are possible and 
are Within the scope of the invention. Although the DAGs 
play a major role in the preferred embodiment, other 
embodiments can use other types of interfacing to the main 
memory bus. Although the DAGs provide a high degree of 
con?gurable routing options (as discussed beloW), other 
embodiments can vary in the degree of con?gurability, and 
in the speci?c con?guration options and control methods. In 
some cases simple registers, register ?les, multiplexers or 
other components might be used in place of the DAGs of the 
present invention. 

[0027] The use of register ?les on each of the discrete 
subgroup lines simpli?es the interconnection architecture 
from that of the more generaliZed bus and multiport register 
?le shoWn in FIG. 1 of the prior art. This approach can also 
provide bene?ts in reduced transistor count, poWer con 
sumption, improved scalability, ef?cient data access and 
other advantages. Although con?guring the data path of the 
present invention may be more complex than With general 
iZed approaches, in practice a compiler is able to automati 
cally handle the con?guration transparently to a human 
programmer. This alloWs creation of faster-executing code 
for a variety of DSP applications by using the same hard 
Ware architecture Without any placing any undue burden on 
the programmer. If desired, a programmer can customiZe the 
data path con?guration in order to further optimiZe process 
ing execution. 

[0028] Groups of data path lines 200 are used to transfer 
data from memory bus 110 to functional units Within blocks 
130 and 132, and also to transfer data among the functional 
units, themselves. The functional unit blocks are essentially 
the same so only block 130 is discussed in detail. Functional 
units include programmable array multipliers (PAMs) 140, 
accumulators (and shift registers) 150, data cache 160 and 
arithmetic/logic units (ALUs) 170 and 172. Naturally, the 
functional units used in any speci?c embodiment can vary in 
number and type from that shoWn in FIG. 2. 

[0029] Functional units are connected to the data path line 
groups via multiplexers and demultiplexers such as 210 and 
220, respectively. Inputs and outputs (I/Os) from the func 
tional units can, optionally, use multiplexing to more than 
one subgroup of data path lines; or an I/O can be connected 
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directly to one subgroup. A preferred embodiment uses 
pipeline registers between I/O ports and data path lines, as 
shoWn by boxes labeled “p” in FIG. 2. Pipeline registers 
alloW holding data at I/O ports, onto data lines, or for other 
purposes. The pipeline registers also alloW obtaining a Zero, 
1, or other desired binary values and provide other advan 
tages. Pipeline registers are described in more detail in the 
co-pending patent application “INPUT PIPELINE REGIS 
TERS FOR A NODE IN AN ADAPTIVE COMPUTING 
ENGINE” referenced above. 

[0030] Table I, beloW, shoWs DAG operations. The con 
?guration of the data path from cycle to cycle is set by a 
control Word, or Words obtained from the main memory bus 
in accordance With controller modules such as a hardWare 
task manager, scheduler and other processes and compo 
nents not shoWn in FIG. 2 but discussed in related patent 
applications. Part of the con?guration information includes 
?elds for DAG operations. A DAG operation can change 
from cycle to cycle and includes reading data of various 
Widths from memory or from another DAG. DAG opera 
tions other than those shoWn in Table I can be used. Each 
DAG has one 5-bit ‘dag-op’ ?eld and one 4-bit ‘address’ 
?eld. There is a single ‘pred’ ?eld that de?nes non-sequenc 
ing operations. 
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[0031] For dag-op: 0x00 to OxOA, OxOC and 0x12 the 
DAG operation format of Table II applies. The address ?eld 
is divided into action and context as shoWn. 

TABLE II 

65 43 21 

[0032] Action 
[0033] The ‘action’ ?eld describes the address modi?ca 
tion/generation process using a set of registers (base, limit, 
index and delta) pointed to by the ‘context’ ?eld. 

TABLE 1 

DAG address calculation 

ac 

tion Operation Description 

00 Supply an address Address = Base + Index 

and post modify Index = Index + delta (delta is a signed value) 

TABLE I 

Dag- p Mnemonic Description Cycles 

0x00 read8 Read 8-bits from memory 1 

0x01 read8x Read 8-bits from memory and sign extend to 32-bits 1 

0x02 read16 Read 16-bits from memory 1 

0x03 read16x Read 16-bits from memory and sign extend to 32-bits 1 

0x04 read24 Read 24-bits from memory 1 

0x05 read24x Read 24-bits from memory and sign extend to 32-bits 1 

0x06 read32 Read 32-bits from memory 1 

0x07 Write8 Write 8-bits to memory 1 

0x08 Write16 Write 16-bits to memory 1 

0x09 Write24 Write 24-bits to memory 1 

OxOA Write32 Write 32-bits to memory 1 

OxOB WriteMindp Write 32-bits (only mode supported) to MIN Write queue from the data path 1 

buses 

OxOC WriteMinM Write 32-bits (only mode supported) to MIN Write queue from a 32-bit memory 1 

read. (pipelined) 

OxOD readdag16 Read a 16 bit value from one DAG register 0 

OxOE readdag32 Read a 32 bit value from tWo DAG registers O 

OxOF load32dp Load tWo 16-bit DAG registers or 32-bit Write buffer using 32-bit data in 1 

dp2n: dp2n + 1 connecting to DAGn 

0x10 load16dpn Load a DAG register from an even data path bus 1 

0x11 load16dpn + 1 Load a DAG register from an odd data path bus 1 

0x12 modify Modify address but do not do a memory access. 1 

0x13 Dagnoop Do nothing. All DAG operations execute every clock cycle until this operation 1 

is chosen 

0x14 Dagcont Continue the previous operation 

0x15 WritePA Writes 32-bits of data from memory into ‘tfrl’ or ‘tbrl’ 1 

0x16 WriteMinbuf Write 32-bits to MIN Write queue from buffer 1 
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TABLE l-continued 

DAG address calculation 

tion Operation Description 

If Index >= limit, Index = Index — limit 

If Index < 0, Index = limit + Index 

01 Supply a pre- Index = Index + delta (delta is a signed value) 
modi?ed address If Index >= limit, Index = Index — limit 

If Index < 0, Index = limit + Index 
Address = Base + Index 

Address = Base + B-Index 

B-Index = reverse carry add (Index + delta) 
(delta is a signed value) 
If Index >= limit, Index = Index — limit 

If Index < 0, Index = limit + Index 

11 Supply a bit 
reversed address 

[0034] Context 

[0035] The ‘context’ ?eld is used to point at a speci?c 
DAG setting (base, limit, index and delta) on Which an 
‘action’ is performed or a DAG register is accessed (II) 

TABLE 2 

context encoding 

context Operation 

00 Use setting —basen.O, limitn.O, indexn.O, deltan.O for DAGn 
01 Use setting — basen.1, limitn.1, indexn.1, deltan.1 for DAGn 
10 Use setting — basen.2, limitn.2, indexn.2, deltan.2 for DAGn 
11 Use setting — basen.3, limitn.3, indexn.3, deltan.3 for DAGn 

[0036] For convenience, an ACTION function is de?ned 
according to the action table—ACTION (action, context) 
Where ‘action’ and ‘context’ refer to the DAG operation 
?elds. This function is used in the individual DAG operation 
descriptions. 
[0037] (II) For dag-op: OxOD to 0x11 the folloWing DAG 
operation format applies: 

1O 65 43 21 O 

ww 
5 2 2 2 

[0038] The ‘dag-reg’ ?eld is used to identify a speci?c 
16-bit register (base or limit or index or delta) Within a DAG 
‘context’ as speci?ed by the dag-reg table (beloW) 

TABLE 3 

dag-reg encoding for dag-op OxOD 0x10 and 0x11 

dag-reg Register 

00 base 
01 limit 
10 index 
11 delta 

[0039] For operations OxOE and OxOF, the dag-reg ?eld is 
used to address 2 DAG registers—base and limit or index 
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and delta or a Write buffer location. In this case, the ‘dag-reg’ 
table is as folloWs: 

TABLE 4 

dag-reg encoding for dag-op OxOE 

dag-reg Register 

OX Base and limit 

1X Index and delta 

X — don’t care 

[0040] 

TABLE 5 

dag-reg encoding for dag-op OxOF 

dag-reg Register 

00 Base and limit 
10 Index and delta 
11 Location ‘n’ of Write buffer for DAGn 

[0041] (III) For dag-op: OXOB, 0x13, 0x14, and 0x16 the 
folloWing DAG operation format applies: 

1O 65 210 

mm 
5 4 2 

[0042] The address ?eld in this case is unused, Which is 
represented as “0” in the RXN. 

[0043] (IV) For dag-op: 0x15 the folloWing DAG opera 
tion format applies: 

1O 6 5 4 2 1 O 

mmw 
5 1 3 2 

[0044] The ‘T-frl/brl’ ?eld is used to choose betWeen the 
translation frl and the translation brl 

T-frl/brl Operation 

0 The ‘idx’ ?eld points to T-frl 
1 The ‘idx’ ?eld points to T-brl 

[0045] The T-frl and T-brl each have 5 32-bit locations. 
The ‘idx’ ?eld is used to address these ?ve locations 
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add Operation 

000 Location O 
001 Location 1 
010 Location 2 
011 Location 3 
100 Location 4 
101 Location 5 

[0046] Fred 

[0047] The universal ‘pred’ ?eld along With the ‘s’ bit 
determines Whether a DAG operation is executed or not 
executed. When a DAG operation is ‘not executed’ due to its 
predication, the last executed DAG operation executes 
agam. 

TABLE 6 

Fred ?eld encoding 

Pred Description 

00 Never execute 

O1 Always execute (execute speci?ed operations) 
10 Execute if condition is true (“s” bit is set) 

(execute speci?ed operation) 
If condition is false (“s” bit is not set) 
(do not execute the DAG operation) 

11 Execute if condition is false (“s” bit is not set) 
(execute speci?ed operation) 
If condition is true (“s” bit is set) 
(do not execute the DAG operation) 

Note1: 
All DAG operations execute every clock cycle until “dagnoop” operation 
is chosen. 

[0048] Although the invention has been discussed With 
respect to speci?c embodiments thereof, these embodiments 
are merely illustrative, and not restrictive, of the invention. 
For example, although the node has been described as part 
of an adaptive computing machine, or environment, aspects 
of the ?lter node design, processing and functions can be 
used With other types of systems. In general, the number of 
lines and speci?c interconnections can vary in different 
embodiments. Speci?c components, e.g., the data address 
generator, can be implemented in different Ways in different 
designs. Components may be omitted, substituted or imple 
mented With one or more of the same or different compo 

nents. For example, a data address generator can by substi 
tuted With a general register, or it can be a different 
component responsive to a control Word. Many variations 
are possible. 

[0049] Thus, the scope of the invention is to be determined 
solely by the dependent claims. 

What is claimed is: 
1. A data path circuit in a digital processing device, 

Wherein the data path circuit is coupled to a memory bus for 
obtaining values from a memory, the data path circuit 
comprising 

a ?rst plurality of data lines; 

a ?rst data address generator for coupling the ?rst plu 
rality of data lines to the memory bus so that a value 

Jul. 8, 2004 

from the memory transferred by the memory bus can be 
placed onto the ?rst plurality of data lines; 

one or more functional units for performing a digital 
operation coupled to the plurality of data lines; and 

a register coupled to the ?rst plurality of data lines, 
Wherein the register selectively stores a value from the 
?rst plurality of data lines so that the value is selec 
tively available on the ?rst plurality of data lines. 

2. The data path circuit of claim 1, Wherein the register 
includes a register ?le for selectively storing multiple values 
from the ?rst plurality of data lines and for selectively 
applying the stored multiple values to the ?rst plurality of 
data lines. 

3. The data path circuit of claim 1, further comprising 

a control signal coupled to the register for controlling 
storage of a value from the ?rst plurality of data lines. 

4. The data path circuit of claim 1, Wherein a data ?eld is 
used to select loading of a value on the memory bus of 
selectable bit Width. 

5. The data path circuit of claim 1, further comprising 

a second plurality of data lines; 

a second data address generator for coupling the second 
plurality of data lines to the memory bus so that a value 
from the memory transferred by the memory bus can be 
placed onto the second plurality of data lines; and 

Wherein the second data address generator is responsive to 
a control signal for selectively providing a data value 
from the ?rst plurality of data lines to the second 
plurality of data lines. 

6. A data path circuit in a digital processing device, 
Wherein the data path circuit is coupled to a memory bus for 
obtaining values from a memory, the data path circuit 
comprising 

a plurality of groups of data lines; 

a plurality of data address generators for coupling the 
plurality of groups of data lines to the memory bus so 
that a value from the memory transferred by the 
memory bus can be placed onto a group of data lines; 

one or more functional units for performing a digital 
operation coupled to the plurality of groups of data 
lines; and 

a plurality of registers coupled to each group of data lines 
on a one-to-one correspondence, Wherein the plurality 
of registers selectively store values from the plurality of 
groups of data lines so that the values are selectively 
available on the plurality of groups of data lines. 

7. The data path circuit of claim 6, Wherein 8 groups of 16 
data lines are used, Wherein each group of data lines is 
coupled to a register ?le capable of storing 8 16-bit Words, 
wherein-each of the data address generators can selectively 
provide a value on a ?rst group of data lines to a second 
group of data lines. 

8. The data path circuit of claim 1, Wherein the functional 
units include a multiplier and accumulator, the data path 
circuit further comprising 

a coupling of the multiplier to the plurality of data path 
lines; 
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a coupling of the accumulator to the plurality of data path 

lines; 

direct data lines coupled betWeen the multiplier and the 
accumulator. 

9. The data path circuit of claim 8, Wherein the direct data 
lines are uni-directional for transferring data from the rnul 

tiplier to the accumulator. 
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10. A digital processing system comprising 
a multiplier; 

an accumulator; 

a con?gurable data path coupled to the multiplier and the 
accumulator; and 

a direct data path coupled betWeen the multiplier and the 
accumulator. 


