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10
BACKGROUND OF THE INVENTION

High speed digital signal processing (DSP) in
- communication system applications require low power

15 implementations of high performance DSP capabilities,
especially for hand held devices. These DSPs must be capable of
efficiently performing the spectral analysis and digital
filtering required for hand-held spread spectrum communication
equipment, high speed modems and all digital radios. These

20 applications require matrix math operations, complex
arithmetic operations, Fast Fourier Transform (FFT)
calculations, encoding/decoding, searching and sorting.
Optimization requires that the DSP arithmetic engine use many
resources efficiently. For example, for execution of the complex

25 multiply operation:

(x1'+ iyl) (x2 + iy2) = (x1 x2 - y1 y2) + i(x1 y2 + y1 x2)

four real multiplications and two real ‘additions are required to
30 perform this operation in one instruction. More multipliers. and
adders would not improve the speed, less would require more
instructions. , - -_
What is needed is a high performance arithmetic engine
that can be optimized to perform higher radix FFTs, complex
35 mulitiplication and high speed data sorting. Higher radix FFTs
require less memory accesses because intermediate results are
stored in registers in the arithmetic engine. The throughput is
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Typical arithmetic engines for general purpose DSPs
include one multiplier and one adder referred to as a mulfiplier-
accumulator (MAC). Arithmetic engines of DSPs that are more
application specific can contain an array of several multipliers

15 and adders. The arithmetic engines of the latter DSPs are
typically optimized to perform a Radix-4 butterfly and cannot
do high speed sorting.

Typical arithmetic engines are also not capable of
efficiently handling the arithmetic computations required for

20 all digital communications applications. General purpose DSPs
are capable of performing Radix 2 butterflies efficiently but
can not do higher radix butterflies because they do not have
sufficient resources. The FFT requires many complex
multiplications, and each complex multiply requires four real

25 multiplications and two real additions. Since general purpose
DSPs have only one MAC, it takes four passes through the
arithmetic engine of such a DSP to perform just one complex
multiply. Engines  which have more than one MAC usually limit
the resources to Radix 4 butterfly operations.

30 Typical arithmetic engines are also not capable of
handling high speed data sorting. A typical data sort requires
comparison of two pieces of data which resuits in a condition
code. The condition code is passed to the execution unit which
then causes the program to branch in one of two paths on a

35 subsequent instruction. The next instruction after the branch
moves the data to its new location based on the results of the
data comparison. This method requires a minimum of three
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complex data in ordered pairs and is optimized for Radix 8

processing. It is still a further advantage of the invention that
- the arithmetic engine provides high speed data sorting, using
full computing resources by recirculating data within the
15 engine by feeding outputs back to inputs.

To achieve these advantages, an arithmetic engine is
contemplated which includes a first dual multiplier
accumulator (MAC) for receiving input data at a first dual MAC
first input and for producing first dual MAC output data at a

20 first dual MAC output. A second dual MAC is coupled in parallel
to the first dual MAC. The second dual MAC receives the input
data at a second dual MAC first input and produces second dual
MAC output data at a second dual MAC output. An adder array is
coupled to both the first dual MAC and to the second dual MAC.

25 The adder array is for receiving the input data, the first dual
MAC output data, and the second dual MAC output data and for
producing arithmetic engine output data at an adder array
output.

The above and other features and advantages of the

30 present invention will be better understood from the following
detailed description taken in conjunction with the
accompanying drawings.

35 BRIEF DESCRIPTION OF THE DRAWINGS
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15 DETAILED DESCRIPTION OF THE DRAWINGS

Generally, the present invention provides an arithmetic
engine apparatus optimized for complex arithmetic processing.
While the arithmetic engine described is well suited for DSP

20 applications, the use of such an arithmetic engine is not limited
to DSP or complex arithmetic processing. The arithmetic
invention may be accomplished by having two dual MACs in
parallel, each connected to an adder array. Each dual MAC can
perform two multiplies and two addition operations

25 simultaneously and can also sort its input data. The adder array
can perform six addition operations simultaneously and is also
capable of performing sorting and storing of peak values of
input data. -

The present invention can be more fully understood with

30 reference to the figures. FIG. 1 illustrates a arithmetic engine
11 within a complex arithmetic processor (CAP) or digital
signal processor (DSP) 10. The arithmetic engine 11 includes a
dual multiplier accumulator (dual MAC) 12, a dual MAC 13, and
an adder array 14. The adder array 14 is coupled to the parallel

35 combination of dual MACs 12 and 13. First dual MAC first input
16 and second dual MAC first input 17 are input lines that
provide data to the dual MACs from the input data streams.



35 5 BRI EF DESCRI PTI ON OF THE DRAW NGS

4 In FIG 1, there is shown a schematic of an arithnetic
engine in a conplex arithnetic processor (CAP) or a DSP in accordance
with a preferred enbodi nent of the invention; In FIG 2, there
I's showmn a schematic of a dual nultiplier accurmul ator (MAC) suitable
for use in the arithnetic engine showrl'-?in FIG 1; In FIG
3, there is shown a first pair of adders suitable for t he adder array
shown i n FI GFitst dual MAC sedand-input422 tangl eecend dual MAC: seconpai r  of
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to DSP or conplekd o QiR MAC LS BBal MAC B! PaEpé&ively. These
- dual MAC outputs are inputs to the adder array 14 and are
elements of the output data streams. The adder array 14 can

10 also receive data directly from the input data streams.

FIG. 2 illustrates a schematic of a dual MAC suitable for

use in the arithmetic engine in FIG. 1. The dual MAC in FIG. 2
describes specifically the dual MAC 12 in FIG. 1 by showing the

. inputs as first dual MAC first input 16, first dual MAC second

15 input 22, and the output as first dual MAC outputs 21. FIG. 2.
could represent dual MAC 13 in FIG. 1 if first dual MAC first
input 16 and first dual MAC second input 22 were replaced by
second dual MAC first input 17 and second dual MAC second
input 23, respectively. The output consisting of first dual MAC

20 outputs 21 would, in such a case, be replaced by second dual
MAC outputs 19.

The dual MAC in FIG. 2 includes a dual multiplier 30 and a
dual accumulator 34. The dual multiplier 30 comprises a
muitiplier cross point switch 42, multiplier registers 46,

25 register selector 50, first parallel multiplier 52 and second
parallel multiplier 54. The cross point switch 42 allows any
combination of inputs to be loaded into the multiplier registers
46 simultaneously. These registers are coupled to the register
selector 50 which directs the appropriate multiplier register

30 values 48 to both the first parallel multiplier 52, and second
parallel multiplier 54. The outputs of the multipliers are
coupled to both the MAC output selector 66 and the adder input
registers 57 of the dual accumulator 34.

Dual accumulator 34 comprises accumulator registers 56,

35 adder input registers 57, an accumulator crosspoint switch 62,
first MAC adder 59, second MAC adder 61, condition code 63, and
MAC output selector 66. The accumulator registers 56 are used
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and are accumulator 34 is in accumulate mode, the outputs of the first
and second MAC adders 59 and 61 are feedback to the
accumulator registers 56 to store their outputs. The first and
second MAC adders 59 and 61 are also coupled to the MAC output
15 selector 66. The second MAC adder 61, which can also be used as
a subtractor, is also coupled to the condition code 63. The
condition code 63 determines which of the second MAC adder 61
inputs is greater and uses this information to control the MAC
output selector 66 which is coupled to its output. The MAC
20 output selector 66 receives data from the first and second
parallel multiplier outputs 36 and 38, the adder input register
values 51, and from the first and second accumulator output 58
and 60. The current mode of the dual MAC determines which of
these outputs to send out on the first dual MAC outputs 21 in
25 FIG. 2. If the dual MAC is in the sort mode, the condition code
output 64 is used to determine the appropriate order for the
output of the adder input register values 51 on the first dual
MAC outputs 21. |
To explain the workings of the FIG. 2 representation in
30 further detail, data can enter the multiplier cross point switch
42 from the input data streams or from the first adder pair
output data 74. The input data streams consist of data pairs
that come from the complex arithmetic processor memories.
The first adder pair output data 74 comes from the first rank of
35 adders inside the adder array 14. The input data streams and
the first adder pair output data enter the multiplier cross point
switch 42 via the first dual MAC first input 16, and the first



el ements of the output data streans. The adder array 14 can 1 0 al so

receive data directly fromthe input data streans. FIG 2
illustrates a schematic of a dual MAC suitable for use in the
arithmetic engine in FIG 1. The dual MACin FIG 2 descri bes
specifically the dual MAC 12 in FIG 1 by ow ng the I nputs as first
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15 If the dual MAC is in arithmetic mode, the first multiplier
output 36 and the second multiplier output 38 are sent to the
dual accumulator 34 and stored in the adder input registers 57.
After data is stored in the input registers 57 in FIG. 2,
several things can happen. If the dual MAC is in arithmetic
20 mode, the accumulator crosspoint switch 62 takes the two
adder input registers values 51 and sends them both to the first
MAC adder 59 and the second MAC adder 61 via the selected
adder inputs 65. In such a case, the second MAC adder 61 is
being used as a subtractor, resulting in the sum and difference
25 of the two values. The sum and difference appear on the first
accumulator output 68 and the second accumulator output 60,
respectively, and enter the MAC output selector 66, before
exiting the dual MAC via the first dual MAC outputs 21.
When the dual MAC in FIG. 2 is in the sort mode, the sum
30 and difference of the adder input registers 57 are calculated as
described above. The condition code 63 inputs the result from
the second MAC adder 61 via the condition code input 67 (still
being used as a subtractor), and determines which of the two
adder input register values 51 was greater. A decision is sent
35 to the MAC output selector 66 via the condition code output 64.
The decision is then used by the MAC output selector to
determine how to arrange the adder input register values 51 on



6 - to store the sumof previous MAC adder outputs which are first
aceunul at or out put 58 and second accunul ator output 60 in FIG 2. The
adder input registers 57 are used to store the outputs of the first
and second parallel multiplier outputs 36 and 38 of the 5 dual nultiplier
30. Both the accunmul ator registers 56 and the adder input registers 57
are coupled to the accunul ator crosspdtnt switch 62. The adder i nput
regi sters 57 are al so coupled to the MAC out put selector 66. The
accunul ator the firsb<dyali MAG voutput 621 diThec targestianditsmaliesif values nputs to
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on the first &dder input registers 57. Final accumulator values are output
from the first and the second MAC adders 59 and 61, sent to the
15 MAC output selector 66, and eventually out of the dual MAC via
the first dual MAC outputs 21.
FIG. 3 illustrates a first pair of adders suitable for the
adder array 14 shown in FIG. 1. The first rank of adders in FIG.
3 comprises a pair of cross point switches 84, register files
20 86, register selectors 88, adders 92 and condition code
determiners 94. The cross point switches 84 accept input data
streams to the arithmetic engine, outputs from the first dual
MAC 21, and outputs from the second dual MAC 19. In addition
to accepting external data, the cross point switches accept
25 arithmetic engine output data. Qutputs from the first , the
second, and the third adder pairs, 74, 174, and 274,
respectively, are feedback to the first adder cross point
switches 84. The selected values 85 from the cross point
switch 84 are stored in the first adder registers 86. There must
30 be at least eight registers in front of each adder 92 to
efficiently perform a radix 8 butterfly algorithm. These
registers buffer output data until it can be used by the adder.
The need for buffering occurs because the input sequence of
data does not match the sequence in which the data is
35 consumed. -
First adder operand A 90 and first operand B 91 in FIG. 3
are selected by the first adder register selector 88 from first
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dual MAC vi a beledt dich MglueuidwWpdt as first register sort 89 from a
register pair which are not compared. These connections allow

a sort chain to be established which can, in the preferred

embodiment described, locate the five highest values (peak
15 search) in one pass of the data through the arithmetic engine.
The value of the peaks are on first operands sort 87 while the

locations of the peaks are on first registers sort

89.

FIG. 4 illustrates a second pair of adders suitable for the
adder array 14 shown in FIG. 1. The second pair of adders in FIG.
20 4 comprises a pair of cross point switches 184, register files
186, register selectors 188, adders 192 and condition code
determiners 194. The cross point switches 184 accept input
data streams to the arithmetic engine, outputs from the first
dual MAC 21, and outputs from the second dual MAC 19.
25 addition to accepting external data, the cross point switches
accept arithmetic engine output data. Outputs from the first,
the second, and the third adder pairs, 74, 174, and 274,
respectively, are feedback to the second adder cross point
switches 184. The selected values 185 from the cross point

30 switch 184 are stored in the second adder registers 186.

In

Second adder operand A 190 and second operand B 191 are
selected by the second adder register selector 188 from second
adder registers 186 for use by the second adders 192. Adders
192 can perform add or subtract operation. The second adder
35 selectors 188 are also responsible for performing the sort
operation. Second adder operands 190 and 191 are compared by

second adder 192. The sign of the result indicates which
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36-<and the second multiplier output 38 are sent to the dual

accurul ator 34 and stored in the adder input registers 57. - After
data is stored in the input registers 57 in FIG 2, several things can
happen. If the dual MACis in arithnetic 28 node, the accumul ator
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61 is beBAdiRA! el dutBhmRfdion 04" GHiLA | 83de bk fUNGYH di fference
25 of the tw val ues. sum a di e

The ference appear on the T1rst
accurmul at or offPgteseleet sighaled8iy t%c&\ﬂﬂﬁe&ﬁ%\do &side: register selector
respectively, 188d &fhisrsighal W\ussd potsslece witich66peRRIP190 or 19Kijsi Ng the

FlG 2 is8n PhpURS ik decPhd QOB o 187 ¢ dncadditon. the Signl isnpu:
regi sters 57 usedcto seleckavhish valuedis outpet aﬂ)seeoc?hmirgt@ ﬁbfmfgﬁdgogg
mput 67 (st i Tom & 'fister paif WAGRCA Wbt B6fFar8d, | Thes” cRBECkRRE, G
the two allewr & sprk: CngéQ'I docbevesiablishedwmtich czarur in sheeprefermed s sent
The tecl g SiGdlerteUestibole ibats Worhlo cpast Viuet' bl
e e S8 EBaht i e Phse 5t 1hs. el By the arthmetic o
8 The value of the peaks are on second operands sort 187 while
the locations of the peaks are on second registers sort 189.
FIG. 5 illustrates a third pair of adders suitable for the
adder array 14 shown in FIG. 1. The third pair of adders in FIG. 5
15 comprises a pair of cross point switches 284, register files
286, register selectors 288, adders 292 and condition code
determiners 294. The cross point switches 284 accept input
data streams to the arithmetic engine, outputs from the first
dual MAC 21, and outputs from the second dual MAC 19. In
20 addition to accepting external data, the cross point switches
accept arithmetic engine output data. Outputs from the first,
the second, and the third adder pairs, 74, 174, and 274,
respectively, are feedback to the first adder cross point
switches 284. The selected values 285 from the cross point
25 switch 284 are stored in the third adder registers 286. Third
adder operand A 290 and third operand B 291 are selected by the
third adder register selector 288 from third adder registers
286 for use by the third adders 292. Adders 292 can perform
add or subtract operation. The third adder selectors 288 are
30 also responsible for performing the sort operation. Third adder
' operands 290 and 291 are compared by third adder 292. The
sign of the result indicates which operand was larger. The sign
of the result is determined by the condition code determiner
294 which feeds back the sort register select signal 297 to the
35 third adder register selector 288. This signal is used to select
which operand 290 or 291 is output as the third operand sort
287. In addition, the signal is used to select which value is



the first dual MAC out put 21. The | argest and snal | est val ues wi ||

al ways appear in the sane |ocation on the first dual MAC out puts 21.
When the dual MACin FIG 2 is in the accurmul ator node, 5 the accunul ator
crosspoint switch 62 uses the adder i nput regi ster values 51 and the
accunul ator regi ster values 50 as |an,its Atop pair is sent to the
first MAC adder 59 and a bottom pair i's sent to the second MAC adder
61. In the accumnul ate node, the second MAC adder 61 is used as an
adder and not outpot asbtthutdt mglsmresoebms; ifxamoat pegister paicwisicht agef | rst

b h cumul at o
?ggl ts'?grs 56 an o géné%&m% Ijosl,@t’ ﬁ"{n‘?’:geééh élg%]h ﬁ ﬁ% adder
i nput regi steP§ ishadhavh '&E‘CG#DI- dnothe preserrede emhediment desceibedye fir st
and the seconqbé&t@ thildive hRyhyl \%Iue‘s‘se@eél@sbﬁ?cﬁ 'r:q Nife %FB@E&GN or

t of,the |rst out put s
gels and ewent ého‘?u,ugr? the ?Hﬂ@egcf‘?'?g;'ﬂepal-rrh%ﬂ’a he,peglsearer t he
adder array lénstuiveh operainds $ortTRE7f mel%amlﬂocétl?ﬂﬁ'e?ﬁ lthé' ;g%zﬁcs 6are 3

c es register files ,
fgglpglt Zressgl 2? otﬂifrg8pé)§§8&% gbétsg#condl tion code determ ners 94.
The cross point smAsCﬂasexanMQeﬂusﬁrabng hiew athe duai;tMAé}ss120ande13 ln

arithnetic engige.1 %lﬂkuhﬁtﬁ tR&" dddor 'a'h%‘y qua'a Jescr nzﬁf tﬁ Pa
trn eF at a,

f h d I n a It10

tLgmc£o§§S€ Eyt@\liﬁ\/cm bﬁ:cQ!M?"QS %r"%dﬂ‘ns@ '@Utiﬁ )herBGIIPUt a@é& &N Qut put s

fromthe fi rseughttbemplex nwmoeeb 5$ "@L hﬂc@ﬁﬁﬂéxpéu;”pi)tstalta‘l and
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cvi Lches aa.  pRsoet ttoughome Hd ligts. 3o sl accubiiptor a4 arc

stored in the3ft raid eadbrrankgof the sadier ?a'i'rays 95,1980 298eirmFIGe Bt ehght o
f e m a radi x
R R Y e

an
EEtLEEL' \éﬁ L hinsteuion.  During, eRch lngterruséapnera neompiex smwwé‘is' L hlet i ﬁput
sequence of performed in dual MACs 12 and 13 and six add operations occur

in the adder array 14 (add or subtract). Twelve instructions are
required to fill the arithmetic engine 11 registers with data
and produce the first output. After arithmetic engine pipeline is

20 full, output data is produced every instruction, as can be seen in
the detailed description below.

This detailed discussion of how data is sequenced through

the arithmetic engine during a radix 8 butterily refers to Table
1, Radix 8 Pipeline Sequence. Table 1 shows how data is

25 transferred from register to register for each instruction. Data
enters the arithmetic engine at the dual MAC cross point switch
42 in FIG. 2 and is stored in the multiplier input registers 46.
There are four registers assigned to each multiplier. Registers
M11-M14 are assigned to first parallel multiplier 52. Registers

30 M21-M24 are assigned to second parallel multiplier 54 of the
first dual MAC 12. Registers M31-M34 and M41-M44 are
assigned to the multipliers of the second dual MAC 13. Input
data consists of complex data samples X7, Y7 and complex
coefficients Zx7, Zy7. Instruction 1 loads eight registers

35 simultaneously through the cross point switch (M11, M41, M21,
M31, M13, M33, M23, M43).



data dees not match the sequence in which the data is 35 consuned.

Fi kst adder operand A 90 and first operand B 91 in FIG 3 are sel ected
by the first adder register selector 88 fromfirst

9 adder registers 86 for use by the first adders 92. Adders 92

can performadd or subtract operation. The1fé' rst adder sel ectors 88

-are al so responsi ble for performng a sort operation as follows. First
adder operands 90 and 91 are 5 conpared by first adder 92. The sign of
the result indicat ésstructioni doadsethendextscoraplex dataepairg(Xé;Ye)he resul t

det d d back th
sore o ?gg.(é%‘azﬁ 115 3A8° MRS YadiElrs 487 Bnd® "‘ﬁ@’ﬂ‘?& WWecoror
88. Thi s framgnthe ipseviosts fetchenael stareshitoideathe ealder bputs out put 1 0
as the first pogistewé &7, which ldreaddisid rihftedt gt aq2l £%dns tHéeﬁrétOduar eqi ster

e+ Cuntoif o Y 2L S ABY 155, ol %Luai%ﬁ a sort chain to

be established whi ¢tisteaction n3 tietchesf e Qﬂlrd complgrdpaien{X5&8) i bed,

v augh the akRERaD . aokcPHbIeRE thg Sontigk CMWEJV §§1$5a2f530‘oﬁ’t31?§ S

operands sort S8mplAi by adding and| subtractisg dhet peeweussaelder anpbt r st

regl sters sor il S O ers
Ctabre for [pdters 57 (A11, MIZ Ap1, ASE).l ThePrSoqife 2d BRiradCln EC(S
adders i ,4(% clirst adder reglsters 8 of the adder array 14 (A38,A48) (in FIG

3).



20- 4 eonprises a pair of cross point swtches 184,
sel ectors 188, adders 192 and condition code
i nput

186,

arithnmetic engine,
fromthe second dual
the cross point swtches
fromthe first,
respectively,
smntches 184. The sel ected values 185 fron1the cross p0|nt 30
i sters

274,

regi ster
194. The cross point switches 184 accept
outputs fromthe first
MAC 19.

In 25 addition to accepting external

register files E
det er mi ner ¢

data streans to the 3
MAC 21, and outputs i
data, &
$

dual

accept ariB8hnetic engi ne out put data. Cutput:

t he second,

and the third adder

pairs, 74, 174, and

are feedback to the second adder cross point

are stored in the_second adder

190 and second opé?&ﬁh BF%ﬁﬂxéﬁg

sel ect or
adders 192.
second adder
oper ati on.?
adder
10

si gnal

second OpfRy ang;.SM5 aal87-

whi ch val ue i s out

15

20

30

35

188 from second

e

192. The sign of the result

ar e

CLE §HTE€BEHYE§PEﬂéLmQEder regi st el‘g

adder registers 186 for use by the second

ectorg%ngn

Second adder dfytiviegnds 190 and 191 @sker Raio nmparAsider Beyy
i ndi cates which = -
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Adsﬂﬁond

swtch 184 %
ond adder operand A g

£

b S | ar ger .

condi tion CO e get erm ner

Zy7->M23,M43
Instruction # 2
X6 >M11,M41
Y6 ->M21,M31
Zx3>M13,M33
Zy3->M23,M43
Instruction #: 3
X5 >M11,M41

Y5 ->M21,M31

Zx5->M13,M33
ZyS5->M23,M43
Instruction #: 4
X4 >M11,M41
Y4 ->M21,M31
D1->M13,M33
Zy1->M23,M43
Instruction #: 5
X3 >M11,M41
Y3 ->M21,M31
Zx6->M13,M33
Zy6->M23,M43

M11*M13->A11
M21*M23->A12
M31*M33->A21
M41°M43->A22

M11"M13>At1
M21°M23->A12
M31°M33->A21
M41*M43->A22

M11*M13->A11
M21*M23->A12
M31"M33->A21
M41"M43->A22

M11"M13->A11
M21*M23->A12
M31*M33->A21
M41"M43->A22

The sign of the result
194 which feeds back the sort
sel ect signalX ¥ MY the second adder register selector
i s used-tai,8&@l ect which operand 190 or
I n addi ti on,

A11+A12->A38
A21-A22->A48

A11+A12->A34
A21-A22->A44

A11+A12->A37
A21-A22->A47

the signal is
ut as second register sort 189

I's determ ned by the

regi ster

188. This

5 output as the
used to sel ect

191 is

N PR T A R T

o POREI e B

A34-A38->M42
Ad4-AAB>M22

“yres .
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frr-oma-regi ster pair which are not conpared. These connections allow a:
sort chain to be established which can, in the preferred enbodi ment 5
descri bed, locate the five highest values (peak 1 0 search) in one pass of :
the data through the arithnetic engine. The val ue of the peaks are on :
second operands sort 187 while the | ocations of the peaks are on

second registers sort 189. FI 5illustrates a third pair of i
adders suitable for the adder array 14 shown in FIG 1. The third pair "
of adders in FIG 5 1 5  conprises a pair of cross point -switches 284,
register files 286, register selectors 288, adders 292 and condition
code determ ners 294. The cross point sw tches 284 accept i nput
data streans PR'PMACari t ARt d engi rRuputoiMASUt Pufptofitst heOdtiutaiend  Outpdisdidrd MAC :
21, and outputs fromthe gagend dual MAC 19. | Raad@air addidubeprhict O aAGGRIHL, NO
external data, the cross point swtches accept arithnetic engine

out put data. TOrpurs fromthe f1Tst; the—second—and—the—thi+d—adder— -
pairs, 74, 170studiendt 674, respectively, are feedback to the first adder?
cross point xz2->misuii chegiiMd-atiheasigheshnd Kalisesasz85 from the cross point
25 switch 2 or egd, ..t third adder registers 286. Third

adder operangé,&%'@%nd %i@g%%erar?a&?%gl ﬁ'{"gggﬁszct ed by the third
adder regi st PR or PPMBpath t hi rd adder registers 286 for use by
the third addgesm#a®ids Addermmafd can perform add or subtract

operatio T I I dder selectors 288 are 30 also responsible for
perform zbotﬂgs“éég%"t’go?gerati on. Third adder operands 290 and 291 are
conmpar ed by tHit1.Mider MUMISFAE Al1+AI8P>436 OASSWBRMIRSUl t | ndi cat es whi ch
operand was |wargeimsiThe giiemps>az  Ri1-AhSadb €Sadslasisuaglet ermi ned by the

condi tion COd&ﬁ%‘%%&ﬁ neﬁgwaﬁéw whi ch feeds back the sort register

sel ect signal to the rd adder register selector 288. This signal
is used to seRNBME WIS BAZr and 290 or 291 is output as the third

.
-~

operand SIit instrucond8® |n addition, the signal is used to select which
value is X0 >A31 MIT"M13>AT1  A114A12>A32  A33+A37->A53
Y0 ->A41 M21'M23>A12  A21-A22->A42  A43+A47->A63
M31°M33->A21
M41°M43->A22

20 instruction# 9
XI5>MIT,MAT  MI4'MI23AT1  AT14AI25A35  A324A36A55  AS3+A57->ATS5
YISSM21,M31  M24'M22->A12  A21-A22>A45  Ad24A46>AB5  AB3+AGT->AB5
ZX7T>MI3M33  M34°M32->A21
Zy7T>M23,M43  M44*MA2>A22

25  Instruction & 10
XI4SMITMAT  MIT'MI3SATT  AT14A125A54  A31+A35-5AST  AS3-AS7->AS7
Y14>M21,M31  M21'M23>A12  A11-A12>AB4  A414A4SSABT  AB3-ABT->AT7
Zx3>MI3M33  M31°M335A21  A214+A22->A68
Zy3>M23M43  M4A1"MA3>A22  A21-A22->A58

30  instruction # 11
X13>M11,M41  MIT'MI3>ATT  AI14A125A38  A32-A36>A66  AS1+AS5->A71
Y135M21,M31  M21°M23->A12  A21-A22->A48  A42-A4B>AS6  AG1+AG5->AST
ZE>MIZM33  M31'M33->A21 '
Zy5>M23,M43  M41'M43->A22

35



output. as third register sort 289 froma register pair which are noé
conpared. These connections allow a sort chain to be est abl i shed £
which can, in the preferred enbodi nent descri bed, | ocate the five

hi ghest val ues (peak search) in one pass of the 5 data through the _
arithnmetic engine. The value of the peaks are on third operands sort ¢
287 while the locations of the peaks a on third registers sort 289.:
As an exanple illustrating how the dual MACs 12 and 13 in FIG 1 work
with the adder array 14, a description of the radix 8 1 0 butterfly will be
given. The radix 8 butterfly function acts on ei ght conpl ex nunbers
produci ng ei ght conpl ex outputs. Data passes through the FIG 2 dual
mul ti pliersin@@toMdGal acOupagbfat or
95, 195, 295 in FIG 3 puspierUsi ng all
engi ne each 1 5 instruction
is per et
in the abdemstation# 124 (add or subtract)

Output oBMAC an@hiretet Fot r a@itP@pr2iche Quiwiert s 1 ay's

of the ARsapr Cesaddrplne ardalchpdpt i C
Dur i ng each i nst ructl on,

a corrpl ex rruI tipl y

Twel ve i nstructl ons are
and

required toxfalhdie awm@wp %lame;t&l SUABLRES Wi AbsdRfsa
producetheflrst out put er arithnetic engine plpellnels 20 full,
out put data ]%Mﬁtﬁﬂuceﬁ'zbvmq néeiiéein, A ZP2pe MR t he

detai |l ed de®d-MmMISN bBUMS3>A21 This detailed discussion of how data
IS sequence ghémh marmidigeRr i thetic engine during a radix 8 butterfly;
refers ﬁ& 1 Radl X 8 Pipeline Sequence. Table 1 shows how data :
ang‘?‘%'f"t"'éﬁ ¥ omregister to register for each instruction. Data

is 25
enters the Ari-sNimpei c SMUMIBAGL  IANBARIAB7 MAS-ASBON42 D ABHASESIEGE C IAT1+A75->X0

Y11 SM21,M31  M21'M23DA12  A21-A22-5A47  Ad4-A4BSM22 AB4-AGBSATS  ABI+AB5SYO
Z6->M13,M33  M31*M33->A21
Zy6>M23,M43  MAT*M4A3>A22 -

15  Instruction# 14
X105M11,M41  MIT*MI3>AT1  AT1+A125A33  A34+A38>A57  ABA+ASB-ATE  AT1-A75->X4
Yi0OSM21,M31  M21*M23>A12  A21-A225A43  A44+A4B>A67  AB4+AGB>ABE  ABI-AS5->Y4
ZOSMIBM33  M31*M33->A21
Zy2>M23 M43 M41*M43->A22

20  Instruction #: 15
X9 ->M11,M41 MIT'MI3>AT1  AT14AT2>A36  ASB-AST>MI2  AS24AS6>AT2  AT3+ATT->X2
Y9 >M21,M31 M21°M23>A12  A21-A22->A46  A43-A47->M32  AB2+AB6>A84  AS3-ABT->Y2
Zx4>MI3M33  M3T*M33>A21
Zy4>M23 M43  M41'M43->A22

25  Instruction # 16
X8 >A31 MITMIS3>AT1  AT14A12-5A32  A3S3+AS7->A53  AS2-AS6ATA  AT3-AT7->X6
Y8 >AA1 M21*M23->A12  A21-A22->A42  A43+A47->AB3  AB2-ABG->AB82  AB3+AB7->Y6

M31°M33->A21
. M41*M43->A22

30 instruction#: 17
X235M11,M41  MI4A'MI2>AT1  AT1+A125A35 A32+A36>A55  AS3+AS7->ATS  AT2+AT6>X1
Y235M21,M31  M24'M225A12  A21-A22-5A45  A42+A46->A65  AG3+AGT->AS5  AB2-AB6->Y1
ZT-SMI3M33  MB4'M32->A21 '
ZyT>M23 M43 M44"MA2->A22

35



42 in FIG 2 and is stored in the nultiplier
regi sters assigned to each nultiplier.
mul tiplier 52. Registers 30 M1-M4 are
mul tiplier 54 of the

are four

assigned to first parall el
assigned to second parallel
Regi sters M31-MB4 and MAl- M44 are
second dual
and conpl ex

MAC 13.

| nput
coefficients Zx7, Zy7.

I nput

regi sters 46.
Regi sters

first dual
assigned to the nultipliers of the f
data copgi sts of conplex data sanples X7, Y¢
Instruction 1 | oads eight

Ther%

ML1- ML4 ar ez

35 simultaneously through the cross point switch (M1, M1, M1,
ML3, M33, M3, M43).

Instruction 2 | oads the next conplex data pair
the nul tipl ettoMagi st er Suagofand nuPUESFVASS  d@utit of 1st
fetch and stores it intmuide adder input
designated All, Al12 for the first dual-

second dum

(X5, Y5) 9

(All, A12,

registers 8

10

15

20

30

35

(X6, Y6),

1 Putgurefizine  pPunsi @ @y
AddefFG St €1 K& Bair WNI GluePFH

5 WMac 12 and A21, A22 for the

MAC 12.

IVAL 15.

Zx3->M13,M33
Zy3->M23,M43
Instruction #: 19
X21->M11,M4
Y21->M21,M31
Zx5->M13,M33
Zy5->M23,M43
Instruction #: 20
X20->M11,M41
Y20->M21,M31
Zx1->M13,M33
Zy1->M23,M43
Instruction # 21
X19->M11,M41
Y19 ->M21,M31
Zx6>M13,M33
Zy6->M23, M43
Instruction # 22
X18>M11,M41
Y18>M21,M31
Zx2->M13,M33
Zy2->M23,M43
Instruction #: 23
X17->M11,M41
Y17->M21,M31
Zx4->M13,M33
Zy4->M23,M43

array
M34°M32->A21

Ma4*M42->A22

M14*M12>A11
M24*"M22->A12
I\;l34'M32->A21
M44*M42->A22

M14'M12->A11
M24*M22->A12
M34*"M32->A21
M44*M42->A22

M14*M12->A11
M24*M22->A12
M34*"M32->A21
M44*M42->A22

M14*M12->A11
M24*M22->A12
M34*"M32->A21
M44*"M42->A22

Mi4'M12->A11
M24*M22->A12
M34*M32->A21
M44*M42->A22

MESAl ¢

InBEPAR->A87

- stroctTom3—fetches—the—third—conmptex—pa
Instputions#: 7{f5)  and conpl etes the conplex multiply of the first da
sanpl e by assi-myaad sum'm&%mﬂgmhmzwwl AP ARSASI

gﬁ%?m@ﬁﬁ)adgﬁﬁ

AFEAYbSkeLT S

Ma{fggg [ GBS M adr L) A Rovs

A21+A22->
A21-A22->A58

A11+A12>A38
A21-A22->A48

Al1+A12->A34
A21-A22->A44

Al114+A12->A37
A21-A22->A47

A11+A12->A33
A21-A22->A43

A11+A12->A36
A21-A22->A46

A32-A36->A66
A42-A46->A56

A31-A35->A52
A41-A45>A62

A34-A38->M42
Ad4-A48->M22

A34+A38->A57
Ad4+A48->A67

A33-A37-5M12
A43-A47->M32

A51+A55->A71
A61+A65->A81

A51-AB5->A73
A61-AB5->A83

A54-A58->A86
AB4-ABS->ATS

.A54+A58->A76

AB4+A68->A88

AS52+A56->A72
AB2+AB6->A84

A74-A78->X3
AB4-ABB->Y3

AT4+ATE8>XT
AB4+ABB>Y7

A71+A75>X8
AB1+A85->Y8

A71-A75->X12
A81-A85->Y12

A73+A77>X10

AB3-ABT->Y10

GRNANN

Ry

regi sters
M31,
12 *
(Zx3, Zy3) |nt§

j
{
4

M.



13 # ' Table 1: RADI X 8,8 CYCLE BUTTERFLY PI PEFI LL SEQUENCE

| nput to MAC Qut put of Qut put of MAC Qut put of 1 st

Qut put of 2nd Qut put of 3rd 5 Ml tiplier
Adder Pair Adder Pair Adder Pair Instruction # 1

X7 ->ML1. MA1. Y7 ->M21, M31 10 ZxX7->ML3, M33 Zy7->M23, MA3
I nstruction #: 2 X6 ->ML1, V41 Ml[ err] ML3->Al1l Y6
->M21, MB1 M1 MR3->A1 2 15 Zx3->ML3, M33 l\/BlL err] M33->A21
Zy3->M23, M43 \astructipvid- fetebes the fourth complex pair (X4,Y4)

(Zx1,Zy1), completes the complex multiply of the second sample
by adding and subtracting the previous adder input registers 57,
and stores the results in the first adder registers 86 of the
5 adder array 14 (A34, A44).
Instruction 5 fetches the fifth complex pair (X3,Y3)
(£x6,2y6), completes the complex multiply of the third sample,
and stores the results in the first adder registers 86 (A37,
A47). The previous values loaded into the first adder registers
10 in instructions 3 and 4 (A34, A38, Ad44, A48) are subtracted and
stored back in the dual MAC multiplier registers 46 (M42, M22 )
to be used later in instruction 9. This instruction demonstrates
the feedback properties of the arithmetic engine. The feedback
is applied to maintain complete utilization of the arithmetic
15 engine resources while calculating the radix 8 butterfly.
Instruction 6 fetches the sixth complex pair (X2,Y2)
(Zx2,Zy2), completes the complex multiply of the fourth sample,
and stores the results in the first adder registers 86 (A33,
A43). The values loaded into the first adder registers in
20 instructions 3 and 4 (A34, A38, A44, A48) are added and stored
in the second adder registers 186 of the second rank adder block
(Fig. 4 A57 and A67).
Instruction 7 fetches the seventh complex pair (X1,Y1)
(Zx4,Zy4), completes the complex multiply of the fifth sample,
25 and stores the results in the first adder registers 86 (A36,
A46). The previous values loaded into the first adder registers
in instructions 5 and 6 (A33, A37, A43, A47) are subtracted and
stored back in the dual MAC multiplier registers 46 (M12, M32)
to be used later in instruction 9. This instruction again
30 demonstrates the feedback properties of the arithmetic engine.
Instruction 8 fetches the pair (X0,Y0) and stores them
directly into A31 and A41 of the first adder registers 86. The
complex multiply of the sixth sample is completed, and the
values loaded into the first adder registers in instruction 5 and
35 6 (A33, A37, A43, A47) are added and loaded into the second
adder registers 186 (A53, A63). |



Instruction # 3 X5 ->ML1, MAl ML[ err] ML3- >Al1l A 11+A12->A38
Y5: >M21, MB1 M21 M23->Al12 A21- A22->A48 20 Zx5- >ML3, M33
MB1[ err] M33- >A21 Zy5- >M23, M43 MA1l MA3->A22 I nstruction #
4 X4 ->ML1, Mal ML1 [err] ML3->A1 1 Al1+A12- >A34 Y4
->Me1, MB1 M21- M23->A12 A21- A22->A44 25 Zx1->ML3, M33 _
M31[ err] M33->A21 Zyl->M23, M43 VA err] MA3->A22 I nstruction
#. 5 X3 ->ML1, Mal ML1[err] ML3->A11  Al11+A12->A37 A34- A38->M42
Y3 ->M1, MB1 lasfractidneg- foitBes Wil -math Wﬁple%ﬁamf()ﬁ@?ﬁ%z?) 2

->

?5‘6' >ML3, MB3 (7x7,Zy"ALl &hbldtds™fife complexXRuitfly & the sevéhth 14

instruction, adds the previous values of the first adder

registers in instruction 7 and 8 (A32, A36, A42, A46) and loads

5 them into the second adder registers 186 (A55, A65). The

previous values loaded in the second adder registers in

instruction 6 and 8 (A53, A57, A63, A67) are added and stored

in the third adder registers 286 (Fig. 5 A75 and A85). This

same process continues through instruction 12. ,

10 After instruction 12, the pipeline is full and the final
results of the radix eight butterfly are available beginning with
instruction 13. Instruction 13 operates like instruction 9
through 12 with the exception of a final operation. Instruction
13 takes the previous values loaded into the third adder

15 registers 286 in instructions 9 and 11 (A71, A75, A81, A85),
adds them together, and sends the result (X0, YO) to memory.
This result is the first output value of the radix 8 butterfly.
Instruction 14 outputs the second result (X4, Y4) and the
process continues for a single butterfly through instruction 20

20 where the last value is output (X7, Y7).

In summary, the Fast Fourier Transform is a fundamental
signal processing application. The speed at which this
transform can be computed often determines which digital
signal processor is chosen for a given application. Higher radix

25 Dbutterflies decrease the execution time of the FFT by increasing
throughput, provided there are sufficient resources to store
intermediary values. The arithmetic engine contemplated here,
while optimized for a radix 8 butterfly, can also perform radix
2 and radix 4 butterflies efficiently.

30 The significance of this arithmetic engine described lies
in its architecture. The architecture is designed to input and
operate on complex data in ordered pairs. Each adder pair is
designed to operate on a complex number. There are three ranks
of adder pairs because of the Radix 8 butterfly requirement.

35 The output of the first adder pair 74 provides radix 2 results,
the output of the second adder pair 174 provides radix 4



| nput to MAC Qut put of Qut put of MAC Qut put of 1 st Qut put

of. 2nd Qut put of 3rd Mul tiplier

Adder Pair Adder Pair Adder Pair 5 Instruction #. 6 X2
->M 11, V41 MLl[err] Mi3->A11 Al11+Al12->A33 A34+A38->A57 Y2

->M21, MB1 M21[ err] M23->Al 2 A21- A22- >P43 A44+A48- >A67

Zx2- >ML3, M33 MB1* MB3- >A21 Zy2->MP3, M43 - MA1*M4A3->A22 10

I nstruction #7 X1->ML1, V@1 ML1*ML3->Al1 Al | +Al12->A36. A33- A37->ML2
Y1l ->M21 |, MBlresulid laf@3tireAlodput Af1thi 2hird4&ddenqsain 2724grovides

Zx4- >ML3, M33 : SA21 Zy4- >Me3, MA3 WAl MA3->A22 15

I nstruction #r%d'xlv%l rg%@t-s>A3l Mil[err] M3->A11 Al |l +Al12- >A32
A33+A37- >A53 Anothepdmportant capabilityr degignedlinto e - hardware

A43+A4T->AB3 ig high speed data sorting. WidstMBdthinélic engines simply pass
5 data through from the input to the output. The engine described
here differs because it recirculates data within the engine by
feeding the outputs back to the inputs. This feature allows full
use of computing resources and is essential for parallel sorting
operations where all of the adders and switches are active. Use
10 of a cross point switch allows any combination of inputs to be
loaded simultaneously into any combination of registers.
Typically, simple multiplexers are used which only allow one or
two registers to be loaded at a time.
Thus, there has also been provided, in accordance with an
15 embodiment of the invention, an arithmetic engine that fully
satisfies the aims and advantages set forth above. While the
invention has been described in conjunction with a specific
embodiment, many alternatives, modifications, and variations
will be apparent to those of ordinary skill in the art in light of
20 the foregoing description. Accordingly, the invention is intended
to embrace all such alternatives, modifications, and variations
as fall within the spirit and broad scope of the appended claims.



MA1 MA3->A22 20..._Instruction #: 9 X15 ->ML1, M1 Mi4[ err]->12->Al11
Al, | +A12->A35 A32+A36- SA55——AL53+A57- >A75 Y15->M21 |, MB1
M24MR2- >A12 A2 Thib8Reerifid g, »A42+A46- >A65  AG3+AG7- >A85

Zx7- >ML3, MB3 - 3 Replaged Zy7- >NR3, M43 MA44[ er r] Ma2- >A22
25 I nstruction 4>ML1, A1 54 M1 [err] ML3->Al11l

AL1+A12- >A54  A31+ A57- >A87 Y1l4->M1 ,MBL M1l
MR3->A12  All- A12->A64  A4L+A45->A61  AB3- AB7- >A77 7x3- >ML3, MB3
MBL MB3->A21  A21+A22- >A68 Zy3- >\3, M43 MAL WS-

A21- A22- >A58 GBAIMS NStruction #: 11 X13->ML1, M4l

ML1[ err]->ML3->A11  A11+A12->A38 A32-A36->A66  A51 +A55”"MI£I,” m” ”m ” Im
Y13->M21 ,MB1  MRl[err] M23->A12  A21- A22->A48  A42- A46*>A66 L IR

A61+A65- >A81 WhatbissdaméB is: MB1l[err] M33->A21 - Zy5- >M23, M43
Mil MA3->A22 35 4 An arithmetic engine (14) comprising:

a first dual multiplier accumulator (MAC 12) for
receiving input data at a first dual MAC first input (16) and for
producing first dual MAC output data at a first dual MAC output

5 (21);

a second dual MAC (13) coupled in parallel to the
first dual MAC (12), the second dual MAC (13) for receiving the
input data at a second dual MAC first input (17) and for
producing second dual MAC output data at a second dual MAC

10 output (19); and

an adder array (14) coupled to both the first dual
MAC (12) and to the second dual MAC (13), the adder array (14)
for receiving the input data, the first dual MAC output data, and
the second dual MAC output data and for producing arithmetic

15 engine output data at an adder array output (20).

2.  An arithmetic engine (14) as claimed in claim 1,
wherein the first dual MAC (12) comprises a first dual MAC
second input (22) coupled to the adder array output (20) and the

20 second dual MAC (13) comprises a second dual MAC second input
~ (23) coupled to the adder array output (20).

3. An arithmetic engine (14) as claimed in claim 2,
wherein the first dual MAC output (21) is coupled to the adder
25 array output (20) and the second dual MAC output (19) is coupled
to the adder array output (20).

4. An arithmetic engine (14) as claimed in claim 1,
wherein the first dual MAC (12) comprises:
30 a dual multiplier (30) for receiving a plurality of
sources and for producing first and second parallel multiplier
outputs (36, 38); and



15 R | nput to MAC Qut put of Qut put of MAC  CQutput of

1st Qut put of”~ _ZHW‘IJU{—‘—G-F— 3rd _ —MuFtTPpITer
Adder Pair ﬁ‘ﬁbﬁlg{eeﬁﬁ dder Pai r I nstr “ﬂm‘“\“\
X12- ML1, V41 Al1+Al12- >A34 A31- Aﬂﬂg@“

A51- A55- >A73 ,I . M21[err] M23->Al12 AB4 S

Ad41- A45- >A62 lA61- ZxI >ML3, 83 I\/Bl[err] M33- >A21

Zyl ->M23. M43 ML err] >4 3- >A22 10 nstruction X11
->ML1, M4l ML1[ err] ML3->All Al1+A]2- >A37 A34- Ah 54 A58- >A86
AT1+A75- >X0 Y11 - 8Rpacggmulatoipi34p soupled toad epéléa Juls lP“er

@gg Aie231>|v|22 (3 (964th%6&cbﬁ?\ﬁjlatd¥8134)°~f¥5r>f€£:eN|n tliéﬂ‘rrsvﬂé?nd/?é’econd MB1
> ruct |
X10- >ML1 31 Par@ﬁfmn@ﬁﬁﬁiloutpﬂm §§§§a" r, RsBRLRH ' g 'Iﬁés >AT6

A71- A75->X4 dual MAGC- Gwﬁmtl\tﬁta MR1* MR3- >Al12 A21- A22- >A43
A44+A48- >A67  ABA+A68->A88  AB81- AB5- >Y4 Zx2- >ML3, M33 MB1
M33- >A21 - Zy2->M23, VA3 MA1 MA3->A22 20 | nstruction # 15
X9 ->ML1 , MA1 MB1[ er Annvagitbmetic engineni14) 3% clajmed Agy claim 4,

A52+A56- >A72 whitdirthe” ®ual mu e yﬁ% segYR1* M23- >Al12
A21- A22- >2216 A43- A4 T->NB2 62éA66>@©34 3 .Zx4->ML3, MB3

MVB1* MB3- 4 zy4- SvPauljplier crogs, ngiat %ﬁcﬁ Z42) For receiving
the plurality of sources and for producing selected sources at a

plurality of multiplier cross point switch outputs (44);

a plurality of multiplier registers (46) coupled to

the multiplier cross point switch outputs (44), the plurality of
45 multiplier registers (46) for storing the selected sources as
multiplier register values;

a register selector (50) coupled to the plurality of
multiplier registers (46), the register selector (50) for
choosing selected multiplier operands from the multiplier

50 register values; and '

first and second parallel multipliers (52, 54)
coupled to the register selector (50), the first and the second .
parallel multipliers (52, 54) for receiving pairs of selected
multiplier operands and multiplying the pairs of selected

55 multiplier operands to produce the first and the second paraliel
multiplier outputs (36, 38), respectively.

6. An arithmetic engine (14) as claimed in claim 5,
wherein the accumulator (34) comprises:

60 a plurality of adder registers (57) for storing the
first and the second parallel multiplier outputs (36, 38) and a
plurality of accumulator registers (56) for storing a first and a
second accumulator output (58, 60);

an accumulator cross point switch (62) coupled to

65 the plurality of adder registers (57) and the plurality of
accumulator registers (56), the accumulator cross point switch
(62) for producing selected accumulator register and adder
register values from the first and the second parallel multiplier



25 .Instruction #._16 X8 ->A31 ML1[ err] - ML3- >A11

Al1+A12->A32  A33+A37->A53 Ab2- A56 >A74  A73- A77->X6 ->A41

M21 MR3->A12  A21- Aligs.Shexybias Beon/ ‘,1' ->A63  A62- A66- >

MB1 MB3- >A21 I ll M41 MA3- >A22 30 Aﬁmmmﬁm@]@
X23->ML1 , M4l ML4* i +A12 >A35 A32+A36 75
A72+A76->X1 Y23->M21 |, MB1 M4 [ erréylzz >Al12 A21- A22- >A45
A42+A46->AB5  AB3+A67->A85  A82- A86 >Y1 Zx7->ML3, M33

MB4MB2- >A21 Zy7->M23, M43 [errg MA2- >A22 35 :

16 oumutStBﬁJA@B§ and thet Btﬁt and the secondpaccumulalor out put of
1st Qut g o{,uﬂﬂﬁs (5@temt of 3rd Mul tiplier
Adder Pair dder Pai r :

? rst and second parallel MAC adders (59, 61)
coupled to the accumulator cross point switch (62), the first
and the second parallel MAC adders (59, 61) for receiving pairs
of selected accumulator register and adder register values and

75 adding the pairs of selected accumulator register and adder
register values to produce the first and the second accumulator
adder outputs (58, 60) and wherein the second parallel MAC
adder (61) produces a condition code input (67) to a condition
code determiner (63) that produces a condition code output (64);

80 and |

a MAC output selector (66) coupled to the first and
to the second parallel MAC adders (59, 61) and to the first and
to the second parallel multipliers (52, 54), the MAC output
selector (66) for receiving the first and the second accumulator

85 adder outputs (58, 60), the first and the second parallel
multiplier outputs (36, 38), and the condition code output (64)
and for producing the first dual MAC output data (21).

7. An arithmetic engine (14) as claimed in claim 1

90 wherein the adder array comprises:

a first adder pair (FIG. 3) for receiving the mput
data, the first dual MAC output data, the second dual MAC output
data and first, second, and third adder pair outputs (74, 174,
274), and for producing first adder pair outputs (74);

95 a second adder pair (FIG. 4) coupled to the first
adder pair (FIG. 3), the second adder pair for receiving the input
data, the first dual MAC output data, the second dual MAC output
data, and the first, the second, and the third adder pair outputs
(74, 174, 274) and for producing second adder pair outputs

100 (174); and

a third adder pair (FIG. 5) coupled to the second
adder pair (FIG. 4), the third adder pair (FIG. 5) for receiving the
input data, the first dual MAC output data, the second dual MAC
output data, and the first, the second, and the third adder pair



5 knstruction #..18 —X22->M-11, M1 ML4* ML2- >Al11 Al1+Al12- >A54
A31+A35- >A51 A53- A57- >A87 A72- A76- >X5 Y22->M21 |, MB1

MR4* MR2- >A12 A11 Al Shs SBee _SAB1 AB3- AGT- SATT A82+A86 >Y5
Zx3- 3ML3, MB3 A21+A22- >A68 Zy3- m&mu "lm”",
Md4[ err] M42->A22 I nstruction #: 19

ML4[ err] ML2- >A11 . All +A12 >A38 A32 A36p 3A66 A51 +A55- >A71
A74- A78->X3 Y21->M21, M31 l\/24[err] I\/QZ >A12 A21 A22 >A48

A42- A46- > 61+A65: >A A88 >Y3 MB4MB2- >A21
zy5- >\p30 3513 OutpytA 4 -ikﬂe @g“ and, ot ch!PﬂUﬁ'":G ?’29 anthme;@Oe GNe a1
ML4[ er r] ML2- >ddtput défa+At2heAadder AStap3outphi2(20)51- AS5- >A73  AT4+AT8- >XT
Y20- >M21, MB1 M24AMR2- >A12  A21- A22->A44  AA1- AA5->A62  AB1- AB5- >A83
AB4+AB8- >Y7 Zx1->ML3, MB3 MB4[err] M32- >A21 Zyl->\23, VA3

MA4[ err] Md2- >A22 28. Ansarlmmetm engme (14) ascdaimed 1in, plEim 7,

ML4[ err] ML2- > 1+A75- >X8
V19 Shey, et Mol £ f@ WT’%%"%‘WM @g@ chffprise
A64- A6813A78  Ag1+AgS5- 8 vHrst "ad ey erosg pois switchyafig Aox producing

Zy6- >M23, A3 first d#leldigd >¥alded> 85) lofsthiel Ghpan déta, 4Re first MAG- >ML1, M1

Vit >he1, Bl OUPpARE. 5 soobnd A G 14, W Lo,
A81- A85- >Y12 second,Zahd>tlie3 thid addenpriBDutpats (74, 174,2274p3, w43
WE?H% Mo oAt 32\11+A_JL£4§t éggbyo%sgjs%% (&8, °°“§ng%%3">‘$'\/§}“ RAeL77. >x10
Y17- >V 15vB1crossvipqgint rqwitch hep firap 2dders registersig
AB2+A66- >A84 g o‘r“ﬁﬁ%ﬁ% Firsp selectedzx\?alﬁ%i’*(wﬁ MB4[ err] IVBZ >A21
Zy4->Me3, M3 fn%% agger register selector (88) coupled to the
first adder registers (86), the first adder register selector (88)
for receiving and choosing first operands (90, 91) and for
120 producing a first adder sum output (96) from the first selected
values (85);
a first adder (92) coupled to the first adder register
selector (88), the first adder (92) for receiving and adding the
first operands (90, 91) and for producing one of the first adder
125 pair outputs (74); and
a first condition code determiner (94) for receiving
a first adder condition code input and for providing a first
condition code (97) to the first adder register selector (88).

130
9. An arithmetic engine (14) as claimed in claim 8,
wherein each adder of the second adder pair (FIG. 4) comprises:
a second adder cross point switch (184) for
producing second selected values (185) of the input data, the
1356 first dual MAC output data, the second dual MAC output data, and
the first, the second, and the third adder pair outputs (74, 174,
274);
second adder registers (186) coupled to the second
adder cross point switch (184), the second adder registers
140 (186) for storing the second selected values (185);



17 . Instruction 4 fetches the fourth conplex pair (X4, Y4)

(Zxl, zZyl), conpletes the conplex multiply of the second: sanpl e by
addi ng and subtracting the previous adder input registers ; and
stores the results in the first adder registers 86 of the/ der

14 (A34, A44). Instruction 5 fetches the fifth #v

Ty
(X3, Y3) (Zx6, Zy6), conpletes the conpégx mul tiply of thec LIWWM
and stores the results in the first adder registers 86 (A37, A4Ty. " e

previ ous val ues |oaded into the first adder rggeisters 1.0 in instructions
3 and 4 (A34, A38, A44,apaesondadden ragister setector (188)reeupleckton t he

dual MAC mul t {Hy isticomRD iatfder Sretfisted 2(186)2 the secon@ addesedglsiéer in
instruction 9. This gqaég L#%}:]I on denons
i }

trates . t he feedback, pr Brties

of the arit hnselecteh Seel¥igcRnd chopsing, serand PREANAS. (1 9B0rp! ot c
utilization of9thdrom theresecorid Sselecigidwalwe(186%; whil e cal cul ating the

dix 8 terfly. ' | I '
2, v2) 138100 7y acsnegnd RENI1ORY coupiod 1B°tle Sepbiifiadde, 1 P!
sanpl e, registeroseleatpe (188)) tthei secnadf adder a(182) fergireceivings ( A33,
A43). Th I ' ' ' | iRt ti
A 5§§8%‘&ﬁ§§,d‘“$§°252 2%%%&“%%‘%@?2?Wf‘?“‘n"f‘&e“%@%o‘%’a’@ahﬁﬁ
regi sters 1860bfthergeeend addai RaligautPuls ddi4); and(Fig. 4 A57 and A67).
Instruction 7 fetches thesgeuyrdt bonditibhesodsi defefiidér (194) fofx4, Zy4),

conpl et 9%d herecgven%X ams“e%ﬁclzlyaaélelt‘ Q:%nfd.itflcgl%‘ csb%gjliﬁput and for providing
a second condition code (197) to the second adder register
selector (188).

10. An arithmetic engine (14) as claimed in claim 7,
155 wherein each adder of the third adder pair (FIG. 5) comprises:

a third adder cross point switch (284) for producing
third selected values (285) of the input data, the first dual MAC
output data, the second dual MAC output data, and the first, the
second and the third adder pair outputs (74, 174, 274);

160 third adder registers (286) coupled to the third
adder cross point switch (284), the third adder registers (286)
for storing the third selected values (285);

a third adder register selector (288) coupled to the

third adder registers (286), the third adder register selector
165 (288) for receiving and choosing third operands (290, 291) from
the third selected values (285);

a third adder (292) coupled to the third adder
register selector (288), the third adder (292) for receiving and
adding the third operands (290, 291) and for producing the

170 arithmetic engine output data; and

a third condition code determiner (294) for
receiving a third condition code input and for pro(/iding a third
condition code (297) to the third adder register selector (288).

175 —
“This Sheet Has Been Replaced .
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25 and stores the results in the first adder registers 86 (A36, A46) .

The previous values |oaded into the first adder registers I n
instructions 5 and 6 (A33, A37, A43, AA?? are subtracted and stored
back in the dual MAC nultiplier regi ster 946 (M2, M32) to be used

later in instruction 9. This instruction again 30 denonstrates the
f eedback properties of the arithnetic engine. I nstruction 8
fetches the pair (X0, Y0) and stores them directly into A31 and A41 of

the first adder registers 86. T I i ply of the sixth sanple
I's conpl eted, and the val u%!%ﬁﬁt%@él rst adder registers in
instruction 5 and 35 6 (A33, A37, A43, A47) are added and | oaded into the

d dd '
18 e st ruct i on SBPTRARELCFEHE DISCLOSWRE, pair (15, vis)

(Zx7,2y7) 5 conpl etes the conplex multiply of the seventh I nstructi on,
adds the previous t e ction 7
and 8 (A32, A36, A4A§J %Eﬁ{et‘&eﬁ%g’é y?ﬁ@ﬁ!wes %ér%gegﬁﬁh%g!}@'f&

registers 18639¢\BBIU N@J) (MAke 12) forpreceiving inpule aﬁ%m oA Preducingnd
Lo " TSt Qul MAG ol o1, dtar 0 s did MG, (199 2. U4,
Same process £8HPlas T RatelELES the ik, dusl WAC 116D 9 Tne Sagoad ist) et on
12, the fdipel MACi §lJ)utdceives irputf datd and praducelst secdnd Idual MAC ei ght
butter 1y ar ik PRYF gATg) "Adtibr'hhly (14) 9SS 9B b RS fiRt on 12
dual MAC (12) and to the second dual MAC (13). The adder array
(14) receives the input data, the first dual MAC output data, and
the second dual MAC output data and produces arithmetic engine
15 output data. Each dual MAC (12, 13) comprises a multiplier
cross point switch (42), multiplier registers (46), a register
selector (50), and parallel multipliers (52, 54). Each adder
array (14) comprises a cross point switch (84), adder registers
(86), a register selector (88), adder (92), and condition code
20 determiner (94).
FIG. 1 accompanies this abstract



through 12 with the exception of a final operation. Instruction 13
takes the previous values |oaded into the third adder 15 registers 286 in

instructions 9 and 11 (A71, A75, A81, A85), adds t hem t oget her, and
sends the result (X0, YO) to nmenory. This result is the first output
value of the radix 8 butterfly. Instruction 14 outputs the second
result (X4, Y4) and the process continues for a single butterfly

t hrough instruction 20 20 where the | ast value is output (X7, Y7).

In summary, the Fast Fourier Transf or df& a fundanent al si gha
processi ng application. The speed at which this transform can be

conputed often deterrgnes which.digital - —~signal pracessor is chosen for
a given application. jHigher radix 25 butterflies decreasg the execution

tinme of the FFT by increasing t hroughput, provided there are
sufficient resources jto store X nternediary values. Tne arithnetic
engi ne contenpl ated here, whigg optidm zed for a radig 8 butterfly, can

al so performradix | 2 and radix,ggbut erflies efficieptly. 30

The significance of tjhis arithnmeti @ ghgine described |iesy inits

architecture. The arghitecture is g§§5 d to input and operate on
&l

conpl ex data in orderged pairs. Eac der{ pair is depi gned to operate

on a cenpl ex nunber. yTher der pairs because of
the Radix 8 butterfly requirenment. 35 The output of jhe first adder pair
74 provides radix 2 resulfts, the outjput of the spcong adder pair 174
provides radix 4 | i 19
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results, and the output of the third adder pair 274 provides radi x 8

results. Anot her inportant capability designed into the hardware
is high speed data sorting. Most arithnmetic engines sinply pass 5 data
through fromthe input to the output. The engi ne descri bed her e
differs because it recirculates data within the engi ne by feeding the
outputs back to the inputs. This fef3{fe allows full use of conputing
resources and is essential for parallel sorting opéit#Bns where al
of the adders and switchesgjags afive. e 10 of a crd¥ffflffoi nt switch
al l ows any conbi nation ofzinputs|to be | oaded S|nultaﬁ§§usly i nto any
conmbi nation of registers EF‘T pi_cof 1y ';-Ie1ﬂupmmm5gmp e used
whi ch onIy ne or | R3{ epist erp—+o oades .
Thus, there S nlg; walacld i noa ordfs ocdSAAERISTERS SORT 5 &mbodi ment
of the inventi an [ i | 2 atrsireg the ains
and advantage& %ﬁ ASﬁl g e 9H 'ﬁ?@ﬁﬂ? has _heé¢n descri bed
in conjuncth@%wég% ECl enpga] mgnt, many alternatlves,
nodi ficatio vrgvla.i'z A3 il Kbk appa e % ordi nary
skill in the pgtpydn | (g | 20—TTE [ ez epoitrg i C( rdingly,
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1. .An arithmetic engi ne conprising: a first dual nultiplier
accunul ator (MAC) for receiving input 5 data at a first dual MAC first

i nput and for producing first dual MAC out put data at a first dual MAC
out put, wherein the first dual MAC conpri ses: a dual
nmul tiplier for receiving a plurality of sources and for producing
first and second parallel nmultiplier outé)/.g S, the dual multiplier
including a nultiplier cross point SWI tch for receiving the
plurality of sources—andfor————=—=— —prodocitmg “sElectTd-somTes at a
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and the second parallel nmultiplier outputs and a

21 ‘plurality of accunul ator registers for storing afirst
and a second accumul at or out put; an accunul at or cross poi nt
switch coupled to the plurality of adder registers and
the plurality of 5 accunul ator registers, the accumul ator
Cross point SW tch (4 produci ng sel ected accunul at or

regi ster and adder egl ster values fromthe first and the
second parallel multiplier outputs and the first and t he
second accunul at or out puts; 10 first and sZddbliR paral |l el MAC
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first and the 184

} sgéond pa 88| MAC adders f recel vi ng

pairs of ct&d aceg & regi ster
val ues and adding the pajrs Pr] tpd a CI&ME@WEWW
regi ster andVWliGEA reqi gl &b m’ péo qug.\hezmkgmsrmgsgm first
and the seconfTREAMS uul at pr—ajlde p ; ¢ »a] MAC out put
sel ector coupjed to Zhe i==s F—hAd2t fe 190 <, 2nd OPERANBA second]paral | el
MAC addersdacn’(g;{%& $P ki hé go 'Q—Tamm*pﬁxr al | el
mul tiplier Cout : . or receiving the
first and the aﬁﬁ nd ﬁcc %I i o utggutzgdwﬂﬂ’d the first
and the secoq‘f Ug < L As4 Lt mu i ﬁﬂMrﬂUIPﬂTand for
produci ng tMAE O4TPUTS ¢ zﬁjal v « | MAC
3rd ADDER \ 3 A55 o
PAIR OUTPUTS . S| o=
mamo | & H As6 H S 20 OPERADB
PAIR OUTPUTS 2 < ! N\
Ist ADDER _743 - 'E‘ = | , | CONDITION | 191
rroureers 7 & A58 14 ™ V| perERuIner
— 197 N . 174
\194 \
>.2ndADDER
PAIR
165 185 2nd ADDER QUTPUTS
ouTPUTS
184 \ / 188 \
| _4 187 ~, 2nd OPERANDS SORT
weroah ) 5 S N o | 1a9, 20d recsTERS SORT
T | E e H B [ s~ o g
(]
st S\ | & 162 |- L_‘_,JF N < -
wcomers 1 = L-{ a63 A 11—
n
adoAL 1\ ) © G SUN OUTPUT
meammns 1 o U &
rdaoer N | S M ass H &
PIROUTPITS S :l_ o2
ond o | & Haee S 240 OPERAD B
PAIR QUTPUTS N § v < y N\
1st ADDER \ o b= + | CONDITION | 191
PAIR OUTRITS S H T DETERMINER
T 197 " -
194
PRESET REGISTERS T0:
0, MIN HAX

FI1G. 4



~a firgt dual MAC second input; 25 a second dual MAC coupled in parallel

tq the first dual MAC, the second dual MAC for receiving the input
data at a second dual MAC first input and for produci ng second dual
© MAC out put data at a second dual MAC output, wherein the second dual
MAC conprises a second dual MAC second input; and 30 an adder
array coupled to both the first dual MAC and to the second dual MAC,
the adder array for receiving t&8& nput data, the first dual MAC
out put data, and the second dual MAC out put data and for producing

arithmeti c engi ne out put gata at an adder arr agrdddpgrut , wherein the
first dual MAC secoq ij irﬁg t is 8 pl ed 35 to the adgjgyrarray output, the
first dual MAC out is c§up| dto 288 the adder arr out put, the
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dual VAC out put dat a,
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-23- switch for receiving the plurality of sources and for
producing selected sources at a plurality of multiplier
cross point switch outputs, wherein the dual multiplier
comprises:

15 a plurality of multiplier registers coupled to the
multiplier -cross point switch outputs, the plurality
of 'multiplier registers for storing the selected
sources as multiplier register values;

a register selector coupled to the plurality of

20 multiplier registers, the register selector for
choosing selected multiplier operands from the
multiplier register values; and |
first and second parallel multipliers coupled to the
register selector, the first and the second parallel

25 multipliers for receiving pairs of selected multiplier
operands and multiplying the pairs of selected
multiplier operands to produce the first and the
second parallel multiplier outputs, respectively;

an accumulator coupled to the dual multiplier, the

30 accumulator for receiving the first and second parallel
multiplier outputs selecting particular first and second
parallel ‘multiplier outputs in a condition code determiner,
and for producing the first dual MAC output data therefrom,
the accumulator comprising:

35 a plurality of adder registers for storing the first

and the second parallel multiplier outputs and a

A



a first adder coupled to the first adder register selector, the first
adder for receiving and adding the first operandsMLodggieng one
of the first adder pair outputs; and dition—<T
determ ner for receiving a first 5 adder condi tii Mﬂﬂmﬂﬂulﬁn for

| ector.

providing a first condition code to 2he first

5. coahgi ne as clained in claim3, .wherein eich® adder of
theRgégéﬁgM EH ? conprises: 10 a second adder cross poi nt

swilt for producing s¢ddrality of aecumudatoraregisters ties stgring datfirsithe

fi rst dOdIDNAGQ‘Hut but dafiiy a seco'aaeaéé\ﬁﬁﬂfhtek'%utw{: output data, and the
first}, the second, {and the third der ajr oth second
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d agdd t ter,
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operands from the secondwittkecfer pradusing 2selected agcustiatondrrgister! ed
to the second adder reg'a?{cfradder ééﬁisqg foaht‘gg ﬁﬁﬁnqh@dqwfstf ObhnHE%REVI NY

and addi ng the second r. duci ngq one t he second
adder pair outputs; smd pa"<'=‘"el mlﬁtlﬁlﬂ!@bndﬁﬂBH t ARk tbﬁdgr%t anfli ner

for receiving a second &ﬁe gé@ghdcgadummatdfodgtpmgut and for providing a

SeCOI’ld condi tion de.to the sec r_sel ec
6. An af at hneti c eng| é"sés an Isﬁﬁﬁn npﬁTaiﬁ*& Mﬁéh%ﬁﬁ?rﬁ‘ coup ee':;tctf? dB8er of
the third adder pair corgggumalatdp cross pemthlswitcla,ddmecfmst amdhtthewi t ch

VAC butput daca, oGl RARIET WIACCeHE . relRiing, ars; 31 107

second and selected accumulator reglster and adder register
values and adding the pairs of selected accumulator
15 ' register and adder register values to produce the

first and the second accumulator adder outputs; and

a MAC output selector coupled to the first and to the
second parallel MAC adders and to the first and to the
second parallel multipliers, the MAC output selector

20 for receiving the first and the second accumulator

outputs and the first and the second parallel
multiplier outputs and for producing the first dual
MAC output data; and

a first dual MAC second input;

25 a second dual MAC coupled in parallel to the first dual MAC, the
second dual MAC for receiving the input data at a second dual
MAC first input and for producing second dual MAC output data at
a second dual MAC output, wherein the second dual MAC
comprises a second dual MAC second input; and

30 an adder array coupled to both the first dual MAC and to the
second dual MAC, the adder array for receiving the input data,
the first dual MAC output data, and the second dual MAC output
data and for producing arithmetic engine output data at an adder

. array output, wherein the first dual MAC second input is coupled

35 to the adder array output, the first dual MAC output is coupled to
the adder array output, the second dual MAC second input is
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wherein the fipréduces oledhditiéh eodr bafsut to the MAC iftgalr Bdibek] er for
receiving a plurality of sources and for producing first and

second parallel multiplier outputs, the dual multiplier
including a nultipBier Ao arithmetitt éfgine as claimedhin felaimedeiwhbgein he
pluralityqepf ﬁﬁ” elar&(iiréy %rompriseS' produci ng sel ected sources at a
plurality of multiplier ! L . . .

a first adder pair for receiving the input data, the first
dual MAC output data, the second dual MAC output data and first,
second, and third adder pair outputs, and for producing first
adder pair outputs;

15 a second adder pair coupled to the first adder pair, the
second adder pair for receiving the input data, the first dual MAC
output data, the second dual MAC output data, and the first, the
second, and the third adder pair outputs and for producing second
adder pair outputs; and ) '

20 a third adder pair coupled to the second adder pair, the
third adder pair for receiving the input data, the first dual MAC
output data, the second dual MAC output data, and the first, the
second and the third adder pair outputs and for producing the
arithmetic engine output data at the adder array output.

25

4. An arithmetic engine as claimed in claim 3, wherein
each adder of the first adder pair comprises:

a first adder cross point switch for producing first
selected values of the input data, the first MAC output data, the

30 second MAC output data and the first, the second, and the third
adder pair outputs;

first adder registers coupled to the first adder cross point

switch, the first registers for storing the first selected values;

. a first adder register selector coupled to the first adder
35 registers, the first adder register selector for receiving and

choosing first operands and for producing a first adder sum
output from the first selected values;



Cross: point sw tchBBLAGEMEN%SHgEI the dual nul t%
conpri ses: a plurglidty of multipli mﬁf st er ed to

the 25 muOtf PECA99%r ds$ poi nt switch ”’Wf' }Ijal'ity
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of nultiplier redidters for sto iTg th sel ect ed*
as nultiplier regijst a reglster del &c

coupled to the plurality of multiplier registers, the
regi ster selector

operands from the@ a firet “adder coupleg) tp; &?gogﬁrlsﬂggqé& regéaijﬁjﬁguséﬁgc{m
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operands and nul ti @ iired cordition r coder detarmines for receiving a first

g‘;'r ;: FL: e 80P iy er c%a@d?ﬁ@ﬁ”%dbhh ut’ S%ncﬁ“fsrtfili‘owdmg a first conﬂ‘i"ggﬁd
an accunul at orcoqe, tﬁrStt ﬂadeﬁdﬁglﬂﬁﬂ't selector. ¢ he

accunul ator for recel ving the first and second paral | el

mul tiplier outputs, sele In Lcular first ongl.. .

parallel multipli er ‘out pﬁ%?&lﬁﬁe@ ncﬂrlql'aé &ﬁ'ﬁ?ﬁieﬁr ﬁ%"m % Wherelnand

for produci ng each fadder ofithe gecond: adder guair comprisesn vvherei n

t he accu ator conpr : : r S
my "R'detohd adder cross rpdm{\geﬁlnh'fc‘ﬂ far éll'cfdiﬂﬁrf%%l B cong

for stori nQ the first second par |er
outputs and a selected values ofpthe mputydata.amwshtdual MG tautput odalﬂ,orl ng

afirst the second dual MAC output data, and the first, the second, and
the third adder pair outputs;

second adder registers coupled to the second adder cross

15 point switch, the second adder registers for storing the second
selected values;

a second adder register selector coupled to the second
adder register, the second adder register selector for receiving
and choosing second operands from the second selected values;

20 a second adder coupled to the second adder register
selector, the second adder for receiving and adding the second
operands and for producing one of the second adder pair outputs;
and

a second condition code determiner for receiving a second

25 adder condition code input and for providing a second condition
code to the second adder register selector.

6.  An arithmetic engine as claimed in claim 3 wherein
each adder of the third adder pair comprises:

30 a third adder cross point switch for producing third
selected values of the input data, the first dual MAC output data,
the second dual MAC output data, and the first, the second and
the third adder pair outputs;

third adder registers coupled to the third adder cross point

35 switch, the third adder registers for storing the third selected
values;
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th ts; i
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accunul ator re
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to the first afff peodueing the arithmetic enginadoptputl data; I\/B.(Idadders and to
the first and to thy third condition GHREPYbtEANMEF! foR génogéwwg S"gh?hgﬁp

out put sel ector e|V|n .the fjrs
accgmjl ator  condition code (Bnd?ﬁbht@d’&dptrﬂ\é ingsg t 'HFF&i Fﬁ@d'tmoﬁ et
parallel 30 the third addar irpgister wglpotor. and for producing the fi rst dual

MAC out put.'djata a first dual MAC second input; a second
dual MAC coupled in par allel to the first dual MAC the second dual
MAC for receiving the i nfut complext arﬁhmtucduaprmssmc ﬁnclsuldlmgputamnd
for producing ﬂgﬂ% UImR .a at a second dual MAC out put,
wherei n the segg t%ueé .. cgﬁlr% Ses a second dual MAC second input;
and irst dual multiplier accumulator (MAC) for receiving inpu

data at a first dual MAC first input and for producing first dual

15 MAC output data at a first dual MAC output, wherein the first
dual MAC comprises:

a dual multiplier for receiving a plurality of sources and

for producing first and second parallel multiplier outputs,

the dual multiplier including a muitiplier cross point

20 switch for receiving the plurality of sources and for

producing selected sources at a plurality of multiplier

cross point switch outputs, wherein the dual multiplier

comprises: |
a plurality of multiplier registers coupled to the
25 multiplier cross point switch outputs, the plurality

of multiplier registers for storing. the selected
sources as multiplier register values; :
a register selector coupled to the plurality of
multiplier registers, the register selector for
30 choosing selected multiplier 'operands from the
multiplier register values; and
first and second parallel multipliers coupled to the
register selector, the first and the second parallel
multipliers for receiving pairs of selected multiplier
35 operands and multiplying the pairs of selected
multiplier operands to produce the first and the
second parallel multiplier outputs, respectively;



-26- ¢ an adder PE&CEMJTNTe&HEE pboth the first dual MAC and to the

second dual MAC, thef[adder array fpr|receiving the mEut dat a, the

first dual MAC out juff d@¥epE@MEY7t hg second dual I\/A(H“ Iﬁﬂu "mmnl and for
produci ng arithnetifc lengi ne output {data at _an adderlll " lew! " ,
wherein the first dud 'nput -i 85coupl ed t6 the adder array

U

output, the first dqual MAC output is|coupled to '~ the adder array

out put, the second dualr NAC second I nput is coypl ed to the adder array
output, and the sec@fd areumulator coupledutta s theuprdal « Multipligtaer the ay
output. 10 acSumultoro i ¥edéivilgetheé MirSEesawd suscondeip@rall gl
claim 7, wherein ihf second paral |.el .MAC adcler gro uces ad:ondltl n
code input to the cBHHKPHgH ¢ S9leRting  partigular . WFt; @hd secang;e

det er mi ner pr oducesgarsﬂnidimumpléeldeommmtirt i | cbad}ﬂﬁﬁ Icodedeterminkect OII:].
9. A co ex arit t} r i ' ' 7 Ln the
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data, the first 20 wieseintbeo@aceumulator, comepdsesind dual MAC output data
and f i rst, secondg gfiffality ' ofaddaer %gg%%kp Jor. stofng" tREOHIFs £9

first adder pair out er pair~coupled to the

ts; a
first adder pair, the ah sthengeapnd, Pﬁéﬂﬁelf om‘l"i (&fi nQUipEts it a,
the first dual MAC 25 opluralitylad®.addumakstondretyisters§op ustovinglad 4ir end

he e sitd e ool Skl MUY ol e ond for
coupl ed to the second addar apaumulater crosst ipoint agwitchpaicouplted rteceihe ng
the input data the firstpfuallit)"Cof adder registers and the plurality of
' - accumulator registers, the accumulator cross point
switch for producing selected accumulator register
15 and adder register values from the first and the
second parallel muiltiplier outputs and the first and
the second accumulator outputs;
first and second parallel MAC adders coupled to the
accumulator cross point switch, the first and the
20 -second parallel MAC adders for receiving pairs of
selected accumulator register and adder register
values and adding the pairs of selected accumulator
register and adder register values to produce the
first and the second accumulator adder outputs; and
25 a MAC output selector coupled to the first and to the
second parallel MAC adders and to the first and to the
second parallel multiplier, the MAC output selector
for receiving the first and the second accumulator
outputs and the first and the second parallel
30 multiplier outputs and for producing the first dual
MAC output data;
a first dual MAC second input;
a second dual MAC coupled in parallel to the first dual MAC, the
second dual MAC for receiving the input data at a second dual
35 MAC first input and for producing second dual MAC output data at
a second dual MAC output, wherein the second dual MAC
comprises a second dual MAC second input; and
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code to the floatpuatdiéebouFIBcsttertheebdde@rarraﬁ output. 11. A conpl ex
arithneti rocessor as clained in claim 9, wherein each adder of the
second ad pair conpri ses:

8. A complex arithmetic processor as claimed in claim
7, wherein the second parallel MAC adder produces a condition
code input to the condition code determiner, and the condition
code determiner produces a condition code output to the MAC

15 output selector.

>

9. A complex arithmetic processor as claimed in claim
7, wherein the adder array comprises: '
a first adder pair for receiving the input data, the first
20 dual MAC output data, the second dual MAC output data and first,
second, and third adder pair outputs, and or producing first adder
pair outputs;
a second adder pair coupled to the first adder pair, the
second adder pair for receiving the input data, the first dual MAC
25 output data, the second dual MAC output data, and the first, the
second, and the third adder pair outputs and for producing second
adder pair outputs; and
a third adder pair coupled to the second adder pair, the
third adder pair for receiving the input data the first dual MAC
30 output data, the second dual MAC output data, and the first, the
second, and the third adder pair outputs and for producing the
arithmetic engine output data at the adder array output.

10. A complex arithmetic processor as claimed in claim

35 9, wherein each adder of the first adder pair comprises:
a first adder cross point switch for producing first
selected values of the input data, the first MAC output data, the
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second and t hea tfirst d adddercaupled ot RHésfirst adder register selector,

10 the first adder for receiving and adding the first operands and
for producing one of the first adder pair outputs; and

a first condition code determiner for receiving a first
adder condition code input and for providing a first condition
code to the first adder register selector.

15 .

~11. A complex arithmetic processor as claimed in claim
9, wherein each adder of the second adder pair comprises:

a second adder cross point switch for producing second

~ selected values of the input data, the first dual MAC output data,

20 the second dual MAC output data, and the first, the second, and
the third adder pair outputs;

second adder registers coupled to the second adder cross
point switch, the second adder registers for storing the second
selected values;

25 a second adder register selector coupled to the second
adder registers, the second adder register selector for receiving
and choosing second operands from the second selected values;

a second adder coupled to the second adder register
selector, the second adder for receiving and adding the second

30 operands and for producing one of the second adder pair outputs;
and .

a second condition code determiner for receiving a second
adder condition code input and for providing a second condition
code to the second adder register selector.

35

12. A complex arithmetic processor as claimed in claim
9, wherein each adder of the third adder pair comprises:



5 - third adder registers coupled to the thirwmm
switch, the third adder registers for storing the | ecte

val ues; a third adder register selector co m\“\m““ g‘\!\“@
adder regi sters, the third adder reg'gét er sel ect and
10 choosing third operands fromthe thirf®sel ected val ués;

third adder coupled to the third adder register seleotor t he th|rd

adder for receiving a é\ddl the third o eranq rod .irag t he
arithmetic engine dut Bﬂf da? Lngfoss  pol wite |rB° 095‘?&3'5 ra-.
det er mi-ner forselecteduvmestdfl mb Ihpul data,t the fu'sblduam\ler(armuupWVddtal,g a
third conditiqgecadBohd 408 MAC dltput BHEL" ahB9tY First®' 8% %econd and

the third adder pair outputs;

5 third adder registers coupled to the third adder cross point
- switch, the third adder registers for storing the third selected
values;

a third adder register selector coupled to the third adder
registers, the third adder register selector for receiving and
10 choosing third operands from the third selected values;
| a third adder coupled to the third adder register selector, -
the third adder for receiving and adding the third operand and
for producing the arithmetic engine output data; and
a third condition code determiner for receiving a third
15 condition code input and providing a third condition code to the
third adder register selector.
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