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D, gi tsal Signal Processor Field of the Invention This invention relates to a
Digital Signal Processor (DSP), and 5 nore particularly, to the
architecture of a DSP. Background of the Invention In general, DSPs are
designed to process |arge anpunts of data as quickly as possible and their
architecture is optimsed for this purpose. In nost DSP appli cadi I3 TAT
processing carries out 1 0 arithnetical opgrations to nultiply data sanples
by predeterm ned coefficients and to accurul ate the sum of the products

according to the expression:- [erL. .%e a,.is the predeterm ned _
coefficient, and 1 5 X is the dat@i‘]gé ’c&nailnﬁméf'&to carry out this
processing efficiently, the architecture of the known DSPs utilises ad ]
Random Access Menory (RAM to sto h d 1hed coefficients and the
data sanples and a nultiplier to fr:anéil{li §f§ﬂ1§hgﬁ§§%¢€t§rl ate coefficient and
data 20 sanple. Theispinyentionotelates taila iDigital Signahdfropessors(D8PRnandder
where it §S 3HgRA gartichRrpy,¥% QUe §fe8§gféiiﬂlﬂeh8f”§"DSPm I's stored in an

accunul ator. I'n sone cases va ges n ({)oqgave therr ‘bits shifted so as to
mai ntain their accuracy and, agkgequn: thei dnventioRfter is provided in

paral l el wi L h the Iﬁugbhétdl,el‘DSPfl-arbhﬂe%ingg {d;ﬂiﬁgé% Rﬂa@% glﬁ_}o(;ﬁiﬂfhdﬂ‘\?g UL“e
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coefficients and to accumulate the sum of the products according to
the expression:- ) '
Y=ap.Xp +2a;.X1 + a2.Xp +23.X3 +..... + a5. Xy
where a is the predetermined coefficient, and
.15 X is the data sample:
In order to carry out this processing efficiently, the
architecture of the known DSPs utilises a Random Access Memory
(RAM) to store the predetermined coefficients and the data samples
and a multiplier to multiply the appropriate coefficient and data

20 sample. The product of the multiplier is then passes to an adder
where it is added to the previous sum and the new sum is stored in
an accumulator. In some cases values need to have their bits shifted
so as to maintain their accuracy and, in order to do this, a shifter is
provided in parallel with the multiplier and- the value to be shifted

25 and the value stored in the accumulator need to be stored in the
RAM to allow the value to be shifted to pass through the shifter
without being added to the previous sum in the adder. All the
values being written to the RAM from the accumulator or being read
from the RAM to the shifter or multiplier pass via a data bus.

30 Although this architecture can efficiently process according to
the multiply-and-accumulate expression given above, there are
some applications, such as correcting picture geometry on a monitor,
that require digital signal processing according to the polynomial
expression:

35 Y=ap+a1. X+ a3 X2+ a3.X3 +..... + 2, X0
Using the conventional DSP architecture to calculate such a
polynomial expression is not very efficient since it requireé. that
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30 . Al though this architecture can efficiently process according to
the multiply-and-accunul ate expression given above, there are sone
applications, such as correcting picture geonmetry on a nonitor, that
require digital signal processing accordingyto the polynonial expression:
[err] Using the conventional DSP architecture to cal culate such a

pol ynom al expression is not very efficient since it requires. that -2-
tenporary dat atemysdraby datht marstt be awdittesndof andn tdad Rédntiny RAMSsmanyor der

to cal cul ate ﬁgéﬁ?%}ﬁeg% t&?éﬁ%%%ﬁgﬁgﬁw 4t %&#ﬁgéﬁggl fitn rief

Summary of the I'nvention ore seeks to
provi de a DSP extrarclookreysles, or at |east reduces the above-nentioned

problems of the prior art. ACOBfef "Shmary dff hSi ARG the invention
provides a_Digital ﬁ'ﬂgnal Pr ogessor, | Si Random

DSP 10, I
Access MenBry (RAM TherPresgnt rlﬁ"?%‘ilﬂés&fﬁ)ﬁﬁfqg'gip %é%l?[]g‘ael’@"r’fﬁﬁeﬁl ngf Whichnt s

and recei ved dg¥ércomndsi r6i dtaledstCestuced tife tdtoveientioned poblenhy 6f atheng
a value fromthe- RAM a nultiplier having a first input_coupled to the

first latch anf8 128 second input, the nultiplier being arranged for
nul tiplying a val ueAtcardingly,fim st fimpuispeck] themimveéntiom prdvidesmat Rigitebond
Input to Signal Processor (DSP) comprising:
10 a Random Access Memory (RAM) for storing values including
predetermined coefficients and received data;
a first latch coupled to the RAM for temporarily storing a
- value from the  RAM;
] a multiplier having a first input coupled to the first latch and a

15 second input, the multiplier being arranged for multiplying a value
from the first input and a multiplicand from the second input to
produce a product at an output;

a second latch having an input coupled to the output of the
multiplier and an output selectively coupled to the second input of

20 the multiplier, the second latch being arranged for temporarily
storing the product ;

an adder having a first input coupled to the output of the
second latch, a second input and an output, the adder being
arranged for adding values at the first and second inputs to produce

25 a sum at the output thereof; and i

an accumulator having an input coupled to the output of the
adder and an output selectively coupled to the second input of the
adder, the accumulator being arranged for storing the sum from the
adder.

30 In a preferred embodiment, the DSP further comprises a
shifter coupled between the output of the multiplier and the input
of the second latch for selectively shifting significant digits of the
product before it is temporarily stored in the second latch.

Preferably, the DSP can further comprise a first multiplexer

35 having a first input coupled to the output of the second latch and an
output coupled to the second input of the multiplier for selectively
coupling the output of the second latch and the second input of the



produce a product at an output; a second |atch having an input coupled to
the output of the nmultiplier and an out put selectively coupled to the
second input of 20 the nmultiplier, the second | atch being arranged for
tenmporarily storing the product ; an adder_ Baving a first input coupled to
the output of the second latch, a second input and an output, the adder

bei ng arranged for adding values at the first and second i nputs to produce
25 a sum at tmluphput tﬁenmﬁlpndyd the itrst,rrmuhupirexbavfurﬂla‘n compprtisesowp| ed

to the output Eetibied voo thooupEl ot e | YeCiflanth for! B1eBASONT
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shi fer coupl eghupaplieen. !Tie Oﬂmuﬁnﬂhptl&@er”}jirbféi‘hb faRthdrn@ointidesofa t he
second | at f el ectivel fti s of the pr od
before it s rIBPPi Iﬁ?id[!qrnr BnH gPFﬁ"éf SB'FY/? ‘E%‘Fe%MSP
can further coth@r |mﬁlteplﬁe1r s rthbtngﬂa hrcaﬁdS having a first i nput coupl ed
o the output o oy S 0 Ry e, TP
anlolt It hee)s(grr:o]rrgmuipplem Irlmemg a- ﬁrsmnpuplqoelrplzd:cnwehn em:tp}lt clujihéher (r) st
ggcurrﬁl at or foéése g%??i\:/)e cou (}Iﬁﬁg%ﬁgﬁgﬁ ptgt e eétécgﬁgclelfpnlg g?g%heanghgﬁ
second i npdl ofor; gelectively couplmg e output of the accumulator and the
second input of the adder. Preferably, the second multiplexer
further comprises a second input coupled for receiving a value of 0
for selective use by the adder. -
According to a second aspect, the invention provides a method
15 of determining the sum of a polynomial expression comprising a
plurality of terms, each term comprising a coefficient multiplied by
a data value raised to a power value, the method comprising the
steps of:
storing the coefficients for each term, the power values for
20 each term and the data value in a memory;
determining a term product for each term of the plurality of
terms by:
latching the data value in a first latch;
multiplying the data value from the first latch by a value
25 of one in a multiplier and storing the product in a second latch;
multiplying the data value from the first latch by the
product from the second latch in the multiplier and storing the
product in the second latch;
repeating the previous multiplying step a number of
30 times equivalent to the power value for the term less one to produce
a data value product latched in the second latch;
lIatching the coefficient for the term in the first latch; and
multiplying the coefficient from the first latch by the
data value product from the second latch in the multiplier to
35 produce the term product latched in the second latch;



mul ti.plier. The first nultiplexer preferably further conprises a 5 third

i nput coupled for receiving a value of 1 for selective use by the
multiplier as the multiplicand. In one enbodi nent, the DSP further
conprises a second nultiplexer having a firgt. i nput coupled to the output
of the accumul ator and an output coupled to the second i nput of the adder 1
O for selectively coupling the output of the accunul ator and the second

i nput of the adder .adding ethebiterm ¢ produst ofer each | terek Sromy thecsecopdplatels a
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adder. According t0 a second aspect, the invention provides a nethod 1 5

of det er m ni nPIPABCE uA BEWa AGEH Bl Valiss e384 on conprising a plurality of
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to a power_val ue, the t hod conpri si t he siteps of. ¥y he .
coefficien?s fqgm‘@%%?t{%r °t {8 (‘!’\’/'vePP\%%‘ Bs "floﬁlﬁ(?oé&ﬁ{’l&[l@r %xiﬁgssgﬂg dat a
Vfil ueI in a ;rerwhqneb@ems rfimalngceaumalatoprvaluet isf the ewmh oferatd of thee term
plurality of te FRREN oyl t ..ya lR: e first |atch;

mul ti plying tﬁgjoggfgyvfé’fL eﬁgr%tﬁ{gl)&?@?\ll g#@%és%&lé value 25 of one in a
mul tiplier and storjng the prBaieft Desceiptionont thet Bfawiigs i pl yi ng the data
value fromthe fi fSé)néaéxﬁboaﬁn(éjﬁgtd?rﬁi&lqhvéﬁﬁahtmlsmnselﬁidf_a fully he

Brevi bus kIt 19AseIvgdatiap AR PbEXIBRDIS, Vith: FeTetRS: dal B CREVERES pBher
val ue for the ywhi¢hd ess one to produce a data value product | atched in the
second | at ch; FIG. 1 shows a schematic diagram of a conventional DSP
- architecture; and :
FIG. 2 shows a schematic diagram of a DSP architecture
15 according to one embodiment of the present invention.
Detailed Description of the Drawings
Thus, as mentioned above, in monitor geometry correction
applications, the calculation model for a correction waveform can
normally be approximated by a polynomial expression as follows:

20 Y=ag+a;.X +a2.X2+a3. X3 +..... + 2, Xn
where a; is the predetermined coefficient which is normally stored
in the RAM, X is the data sample which is received at the inputs, and
Y is the output used to control the geometry correction circuit.

FIG. 1 shows a block diagram of a conventional DSP

25 architecture, in which a data bus 40 is used for data communication
between a RAM 32, a shifter 35, a first latch 33, a multiplier 34, an
accumulator 38 and an Input/Output (I/O) buffer circuit 39. During
calculation of a term, such as a;.Xi, temporary data needs to be
moved back and forth to/from the RAM 32.

30 To calculate such a term, the coefficient a; is first
communicated from the RAM 32, via the data bus 40, to the first
latch 33, where it is temporarily stored. On the next clock cycle, this
coefficient is taken at one input of the multiplier 34 and the data X
is taken at the second input of the multiplier and the two are

35 multiplied together and passed from the output of the multiplier to
a second latch 36, where the product is stored. This product then
passes through a multiplexer 41 and an adder 37 to the accumulator




| atching the coefficient for the termin the first latch; and multiplying
the coefficient fromthe first latch by the data val ue product fromthe
second latch in the multiplier to 35 produce the term product |atched in

t he second | atch; -4- adding the termprgduct for each termfromthe
second latch to a previous accumul ator value froman accunul ator in an
adder to produce a new accunul at or val ue; and repeating the previous adding
step a nunber 38, friomeswhere;qom vstlcerssive ¢loeknaydles, df canrbe writtemeinto the

pol ynomi al  expg a3 951 A RGY r&Q& Ifr%)ﬂﬁlth@q]ﬁﬂﬂ'ﬁq{nd’%egﬁfsi ﬁ@l %ﬁ“%ﬁ al l
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FIG 1 shows a schematjc di,agram of a cgnventiongl DSP, - "architecgture; and
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a pol ynomi al ewjll dosiappreciated,| isvaiseflefoq adding two such terms together, and
the shifter 35 is used, when required via the multiplexer 41, to shift
10 the significant bits of the product from the second latch 36.
For example, the calculation sequence for the expression
Y =a;. X +a3.X3
is listed as follows, showing that a total of 17 clock cycles- are
required: '
15 1. RAM(a;) -> 1st Latch
2. 1st Latch(a;) * RAM(X) -> 2nd Latch
3. 2nd Latch(a;.X) -> Accumulator
4. Accumulator(a;.X) -> RAM
5. RAM(a3) -> 1st Latch
20 6. 1st Latch(az) * RAM(X) -> 2nd Latch
7. 2nd Latch(az.X) -> Accumulator
8. Accumulator(a3.X) -> RAM
9. RAM(a3.X) -> 1st Latch
10. 1st Latch(a3.X) * RAM(X) -> 2nd Latch
25 11. 2nd Latch(a;.X2) -> Accumulator
12. Accumulator(az.X2) -> RAM
13. RAM(a3.X2) -> 1st Latch
14. 1st Latch(asz.X2) * RAM(X) -> 2nd Latch
15. 2nd Latch(a3.X3) + RAM(a;.X) -> Accumulator
30 16. Accumulator( a;.X+a3.X3) -> RAM
17. RAM(a;.X+a3 X3) -> I/O
Thus, as can be seen, using the conventional DSP architecture
to calculate such a polynomial expression is not very effective since
much temporary data must be moved back and forth to/from the
35 RAM and many extra clock cycles are needed.
Turning now to FIG. 2, there is shown a block diagram of a DSP
architecture in accordance with an embodiment of the present



where [err] is the predeterm ned coefficient which is normally stored in
the RAM X is the data sanple which is received at the inputs, and Y is the
out put used to control the geonetry correction circuit. FIG 1 shows a

bl ock di agram of a conventional DSP 25 arcitecture, in which a data bus
40 is used for data conmunicati on between a RAM 32, a shifter 35, a first
latch 33, a multiplier 34, an accumulator 38 and an_ |nput/Qutput (1/0
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expression an secon lnp\lll%rgf %élr(ﬁlll tlpherTq% 2 the fn's% instance, it selects the

first input 22, which is a constant value of “1”. Since the

multiplicand at the second input of multiplier 14 is 1, the multiplier

15 14 simply passes its first input (a;) to its output which is coupled to
the input of a shifter 15. The purpose of the shifter 15 is for data
scaling in order to minimize truncation error. An output of the
shifter 15 is coupled to an input of a second latch 16. Thus, if no
scaling is necessary, the coefficient a; is loaded into the second latch

20 16 at the next clock cycle and the data sample X is then read from
the RAM 12 and loaded into the first latch 13.

The first multiplexer 20 now selects its third input to provide
the multiplicand to the multiplier 14. The third input of the first
multiplexer 20 is coupled to the output of the second latch 16, which

25 holds the coefficient a; at this time. Thus, the data sample X is now
passed to the first input of the multiplier 14 and the coefficient a; is
passed to the second input of the multiplier 14 , where they are
multiplied together. The product of the multiplication, the value ai.X
is provided at the output of the multiplier 14 and is scaled by the

30 shifter 15, if necessary, before it is loaded into the second latch 16.
Without changing the contents of the first latch 13, which currently
holds the data sample X, the first multiplexer 20 again selects its
third input, which is the output of the second latch 16, so that the
inputs to the multiplier will be the data sample X and the output

35 from the second latch 16, which is the value a;.X. This process is
repeated i-1 times, until the value a;.Xi is present in the second latch
16.




w || .be appreciated, is used for adding two such ternms together, and the
shifter 35 is used, when required via the nultiplexer 41, to shift 1 0 the
significant bits of the product fromthe second |latch 36. For exanple, the
cal cul ati on sequence for the expression [err]l is listed as follows, show ng
that a total of 17 clock cycles are required: 1 5 1. [err] -> 1st Latch
2. 1st [err] * RAMX) -> 2nd Latch 3. 2nd [err] -> Accunulator 4. [err] ->
RAM 5. RAM a3) -> Hdttheaeod of ghe caleulation ofitac igraB)a; X Rathexyalus ofid¢heat ch
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to/fromthe 396 oM aRd VERY 6¥'d defthOfdtoCHf SRcAMTINGELRS! the second
multiplexer 21 selects its first input 23, which is a constant value of
“0”, as‘the addend to the adder 17. Since the addend is a value of

10 “0”, the adder 17 simply passes the value of the term a;.Xi from its
first input to its output which is coupled to the input of the
accumulator 18 into which it is loaded at the next clock cycle.

To add the value of a term to the accumulator 18, the second -
multiplexer 21 selects its second input which is coupled to the

15 output of the accumulator 18 to provide the value laded in the
accumulator 18 as the addend to the second input of adder 17. In
this case, the sum of the contents of the second latch 16 (a;.X1) and
the contents in the accumulator 18 (the sum of previously calculated
terms) is generated by the adder 17, and then loaded into the

20 accumulator 18 at the following clock cycle. Repeating the same
process for each term, the final result of the polynomial expression
can be obtained in accumulator 18. The output of the accumulator
18 is coupled via an output buffer circuit 19 to an output terminal
24.

25 The output of the accumulator 18 is also preferably coupled
back to the second input of first multiplexer 20, where it can be
passed to allow for calculations which utilise the result Y of the
polynomial expression.

In order to illustrate the increased efficiency of this
30 architecture, the calculation sequence for the earlier example of

Y=2.X+a3.X3
is listed as follows, showing that a total of only 11 clock cycles are
required:
1. RAM(a;) ->1st Latch
35 2. 1st Latch(a;) * Constant 1 -> 2nd Latch

3. RAM(X) -> 1st Latch
4. 1st Latch(X) * 2nd Latch(a;) -> 2nd Latch



Turning nowto FIG 2, there is shown a bl ock diagramof a DSP architecture
in accordance with an enbodi nent of the present -6- invention. This DSP
architecture is designed to performthe polynom al cal culation for nonitor
geonetry correction applications nore eff_e%t ively. In this enbodinent, a
data sanmple X, which is received at an 5 Input termnal 11 is firstly
stored in a RAM 12. The predeterm ned coefficients [err] are also stored

in the RAM 12. To.caid Lassh€apX)es nConstaht € - eAc¢uiibatpr gdet er mi ned

coefficient [err] i ik f.S ogded _jpto a first latch 13, whose output is
coupled to a first {a3gf'LaT%uﬂﬁ°§1 ier 14. A second input of the
mul tiplier 14 is Golst batch@sdn* dComstantofl & 2nd Latehst nul ti pl exer 20. The

first multiplexer h [ s and sel ects the value at one of the
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the first Fnstanc8; 1st Laggh(@)s* and Latch(apnpui2n Lajgh ch i s a const ant
val ue of "1". Si ngglgpgamy(xi)pi RadMHah(d;X) sscond Laght of nultiplier 14

is 1l the multiplier, 1.5 i sse ts fir input [err] to its

out put which is é@up‘lséc}'qtﬁhéée% ﬂ‘g‘tiag‘?%é3§#|)f f%rinféi'af‘%g pur pose of the

shifter 15 is folldand kateh{azgX?) 4orAecumolator(apiX)e-» r Aocamnudatoer;r or . An

out put of the shiftgr | u an i of a second latch 16. Thus,
RostitplRof @B 8y %7, Oifght
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to/from the RAM and hence simplifies the data bus structure and
requires fewer clock cycles to perform the same calculation of a
polynomial expression than does the conventional DSP architecture.

15 It will be appreciated that although only one particular

embodiment of the invention has been described in detail, various
modifications and improvements can be made by a person skilled in

the art without departing from the scope of the present invention.



the nultiplicand to the nultiplier 14. The third input of the first

mul tiplexer 20 is coupled to the output of the second latch 16, which 25

hol ds the coefficient [err] at this tine. Thus, the-data sanple M now
!

passed to the first input of the multipliergl4 and t ‘ re] is
passed to the second input of the multiplier 14 , wh
erry

tiplied
together. The product of the nultiplication, the val I's provided at

the output of the nultiplier 14 and is s€lasdsby the 30 shifter 15, if
necessary, before it is |loaded into the second |atch 16. Wt hout changi ng
the contents of the first latch_ 13, which currently holds the data sanple
X, the first rhulti g dRigitaloStgnal Prosessars(PSP) t¢amprisMgat . which is the
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multiplier and an output selectively coupled to the second input of
the multiplier, the second latch being arranged for temporarily

15 storing the product ;

an adder having a first input coupled to the output of the

second latch, a second input and an output, the adder being
arranged for adding values at the first and second inputs to produce
a sum at the output thereof; and

20 an accumulator having an input coupled to the output of the
adder and an output selectively coupled to the second input of the

adder, the accumulator being arranged for storing the sum from the
adder.

25 2. A DSP according to claim 1, further comprising a shifter
coupled between the output of the multiplier and the input of the
second latch for selectively shifting significant digits of the product
before it is temporarily stored in the second latch.

30 3. A DSP according to either claim 1 or claim 2, further
comprising a first multiplexer having a first input coupled to the
output of the second latch and an output coupled to the second input
of the multiplier for selectively coupling the output of the second
latch and the second input of the multiplier.

35
4. A DSP according to claim 3, wherein said first multiplexer
further comprises a second input coupled to the output of the



first input to its output which is coupled to the input

18 into which it is |oaded at the next clock cycle. To atl

termto the accunul ator 18, the second - _mphtipl exer 21 selects: f"tss

i nput which is coupled to the 1 5 output of the accunulator 18 to prOV|de
the value laded in the accunmul ator 18 as the addend to the second input of
adder 17. | n abhcemadater fore selantbvely heouplingnthe afutpht ofedbeda¢cumnlater
[err] and the npent t c the sum of previously

cal cul at ed terfr#vg)‘:l?ﬂ[s.l %ggfeiga{@c]ﬁ Bfmﬁﬂ glglg}ul:kﬁ , and then | oaded into the 20
accunmul ator 18 at the foll ow ng clock cycle. Repeating the same process for

each term thg fingl DSPUhdcorlling o PeitheiOBiadn exaf Qﬂ&ﬂr@m ChePEinOBAd HiRgk | n
out t of the amcurrul&hgé mputs cO g vi a an .out gut
5

accunul at g ]glpﬁ

buf fer cirtui tm‘l % <h thﬁﬂtc?@l’ﬁ]sﬁﬁl as cou pSCeHHBER
accunul at or 1&alwe alfsd porfselexiive usetpbydtlieanhﬂtmhteheassethenﬂulﬂphbamd first
mul ti pl exer 20, where it can be passed to allow for cal cul ati ons which
utilise the result Y of the polynom al expression. In order to illustrate
the increasedbeffi ¢ dASY secamdiag Fopagycpraceding laimme fugthex | comprisisggaence
for the earli %éc@ﬂ&r’iﬁh&lgl%xkﬁrﬁdvmg h' ﬁiﬁdlﬁfutf %{1 1’&1 t8 hﬂi@ %tﬁﬁ‘@tofatﬁé)t al

of onIy 11 _cl ock cy requir

[err] * dofst aReUm atorand A% rplstpum%l >olst¥le L $ReOR0s Bk ofafh (@éder
2nd [err] -> Zod seMctively coupling the output of the accumulator and the

second input of the adder.

10 "0", the adder 17 sinply passes the value of the te !gwg fromlts

7. A DSP according to claim 6, wherein said second multiplexer
15 further comprises a second input coupled for receiving a value of O
for selective use by the adder.

8. A method of determining the sum of a polynomial expression
comprising a plurality of terms, each term comprising a coefficient
20 multiplied by a data value raised to a power value, the method
comprising the steps of:
storing the coefficients for each term, the power values for
each term and the data value in a memory; i
determining a term product for each term of the plurality of
25 terms by: .
latching the data value in a first latch;
multiplying the data value from the first latch by a value
of one in a multiplier and storing the product in a second latch;
multiplying the data value from the first latch by the
30 product from the second latch in the multiplier and storing the
product in the second latch;
repeating the previous multiplying step a number of
times equivalent to the power value for the term less one to produce
a data value product latched in the second latch;
35 latching the coefficient for the term in the first latch; and



-8- 5. 2nd [err] + Constant O -> Accunul ator [err] -> _1st Lat “&m
[err] * Constant 1 -> 2nd Latch 7. RAMX) -> 1st Latth 5 \@\\\ S0
Latch(X) * 2nd Latch(a3) -> 2nd Latch 9. 1st Latch(X) \w\ %] -> 2nd

Latch 10. 1st Latch(X) * 2nd Latch(a3.X2). 43 2nd Lat c\ < 2nd Lat ch(a3. X3)
+ [err] -> Accumul ator [err] -> Qutput 1 O It will thus be seen that
the architecture of this enbodinent elimnates the need for tenporary data

to be noved back and fpmhlﬁpiyfng)rtheheomiﬂimﬁ fremc theifigsiti fatek byetheat a
bus structure gpg folﬂb" uck Miont | (hieK s&%&ﬁ&f}ai& Hﬁrﬁ&f ThilfpIid o

cal cul ation of a_polynom al expression than does the conventi onal  DSP

ar chi t ect ur e. produce “the fermy; prodyct slatehed dpethe rsecoad: kasehh only one

particul ar enbodi nRadding thiee térny epioduet Nfs: Bael wemc Trdad the séebad! latch

various nogdifications.and mg‘rovleg)ents can. be nmade b akﬁerson ski Idlded in

the art witholf HeRCEVIPWY FCHMYIALOLS VAIHE JromnanpAcctmblaty ot jay adder to

Cains 1. ApBodital a Sigwabcéumuotatenr v4IDSP) ambnpr i sing: a Random Access

Memory (RAM) for stoplighy ¥nderbtddalifling step a number of times
equivalent to the number of terms in the polynomial expression
whereby the final accumulator value is the sum of all of the term

10 products forming the polynomial expression.



5 predeterm ned coefficients and received data; a first latch coupled to
the RAM for tenporarily storing a value fromthe RAM a nultiplier having a
first input coupled to the first latch and a second input, the nultiplier
being arranged for nultiplying a value 1 Ogafromthe first input and a

mul tiplicand fromthe second input to produce a product at an output; a
second | atch having an input coupled to the output of the multiplier and an
out put selectively coupled to the second\bsigactof the multiplier, the
second |l atch being arranged for tenporarily 1 5 storing the product ;an
adder having a first input coupled.to Lhe ou t of the second latch, a
second input and an output, the altgiabeligg Qﬁﬁﬁiﬂ’rfor addi ng val ues at
the first and second inputs to produce a sum at t he out put thereof; and 20

an accumnul at or havi an_i.n led to aut adder and an

out put sel ctlvely‘ggla g ﬁ?@&em ﬂﬁgﬁ? P‘t‘#‘?@ o%ﬁqd ceess

z[a)gg unmul at gr behr[emm:yr éR@fM)f ¢12)stfor i stgrimnige ps'adeﬁernmtmdtecmfﬂment%?nd dataﬁ\
accordi ng i CAMAr a ed.bet ween t he

out put of t he SAIE 113@ Jnéi}aa?gé% E’a%h g@ béﬁ@%g g(ggg%dﬁfqmcﬁﬁf)o?osel ectively

shifting si gnltﬂn(p@mﬂlﬂ gitosingf either ;i oeéficimartope atdate samply dremy theor ed

in the second g ghgh.- Qnufn lier mP@%& e'dgfélorﬁu ing &l FalueOFrdihahm 2,

b of Bhe et naut s hhich LRl b Bl ok 3 Cabaca P €6, o e
mul tiplier formﬁm;ﬂmanﬁelfwmoupéemdt heputute yrodizce he pmdund | & secend t he
second i nput Cif tcthh?lg}J '] uﬁfed to temporarily store the product from the

multiplier (14). An output of the seeond latch (16) is coupled back

to the second input of the multiplier (14), via a multiplexer (20), to

15 enable the multiplier (14) to multiply the product by the value in

the first latch . without requiring further reading of the RAM, thus

enabling efficient calculation of a term including Xi. The output of

the second latch (16) is also coupled to an adder (17) and an

accumulator (19).

i

20
FIG. 2



35 4, A DSP according to claim3, wherein said first nultiplexer further

conprises a second input coupled to the output of the - 10- accumnul at or
for selectively coupling the output of the accumul ator and the second i nput
of the multiplier. 5. A DSP according to either claim3 or claim 4,

wherein said first 5 multiplexer further conprises a third input coupled
for receiving a value of 1 for selectjve use by the nmultiplier as the

mul tiplicand. 6. A DSP accordin ?o ny preceding claim further
conprising a second multiplexer having a first input coupled to the output
of the 1 0 accunul ator and an output coupled to the second input of the
adder for selectively coupling the output of the accunulator and the second

i nput of the adder. 7. A DSP according to claim®6, wherein said second
mul tiplexer 1 5 further conprises a second i nput coupled for receiving a
value of O for selective use by the adder. 8. A nmet hod of determ ning the

sum of a pol ynom al expressiqgggonprising a plu Qity of ternms, each term
conprising a coefficient 20 tiplied by a_data value raised to a power
val ue, the nethod compr g1 he steps of™stortyg the coefficients for

each term the power ah€§i4f)r each tern apg~t hgdata value in a nenory;
determining a term pr¢d of each ternjof e plrurality of 25 terns by:

40 33
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| atching the data value in a first latch; nultiplying the data val ue from
the first latch by a value of one in a nmultiplier and storing the product
in‘a second latch; rmultiplying the data value fromthe first latch by the
30 product fromthe second latch in the multiplier and storing the product
in the second | atch; repeating the previous nmultiplying step a nunber of
times equivalent to the power val yejfor the termless one to produce a data
val ue product latched in the seco tch; 35 | at chi ng t he
coefficient for the termin the first latch; and mul tiplying the
coefficient fromthe first latch by the data val ue product fromthe second
latch in the multiplier to produce the term product |atched in the second

| at ch; adding the term product for each termfromthe second latch 5 to a
previ ous accunul ator value from an accunul ator in an adder to produce a new
accurul ator val ue; and repeating iqﬁ previ ous adding step a nunber of tines
equi val ent to the nunber of ternsddn the pol ynom al expression whereby the
final accunul ator value is the mof all of the term1 0 products form ng
t he pol ynom al expression.
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