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40 significant bits are not the same, then the result Is too largeto fit
within the allocated 25 bits. In this 40 case, the result is replaced
wi th a val ue which has.the sign of the correct result (which is equival ent
to thé& hi ghest order-bit of the 28-bit word), but has theGB 2 §28t740 B 5
magnl tude, "as nentioned. Before describing a specrflc use for the processor
Lof GJREonJespa?tdrhé ioeJacrfjﬁiﬁ‘er Hirkahy) B 1 thel DEHIEIBHR Howele?, tW@ﬂeﬁht yirhdy bS?é?JréiEntgd“d ALU
.coqgerateyrs hel pful. Assune it Is necessary to nultiply x by t
coefficient 45 1. 1 1 10001 1. In a typical algorithm the result S
corrput ed by errpl oyi ng si x addFtikdh—dr&Pst (x25%) — (x%")
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result.. For exanple, is awco‘g?rﬁr c‘? “}92 +1(&_2L05%1"g1—q ei ght additions or

subt r act i Onsssuny rbwaRat (P ce Qb melmhe iﬂbﬁ&@md@ﬁﬁrak B abr 6t M6 spdcliganyer , . t he
same r esalfilter edth a bemiié conjegetdipstt ofpdids ati ve st eps as shown' by the follow ng
equati on: 10 [err] Assume now that the processor
-of FIGURE 1 is to be enployed as a fiFfdri@and nore specifically, a filter~

“with ggc AnSoi | foui t ha
B S T L kA B S
one or al»'ay 1091, Thé RswNafue ¥e? vf is bdpRiserft@ityithy wqustivah as the one shown n

3. For each’ sanple, [err] propagates to [err], and [err] to [err] The new

val ue for [err] l's represent ed bwoFm@Ma‘me [err] Thus for each sarrple

the I npu oun on s sho

mul tigy i u r'{ﬁ l?\ f vgno lng)b% %aﬁ.eﬁégva a}?? e"?’r%f‘:{"l pI

68 Ul t i BrhiAont aeersrtie rEaut 1hb m&wahﬁ&bmsg mbﬁka %ytﬁacaehﬁ.e&urr%@r
72. Sim B?a‘rldyherbhﬂllmhﬁmmlch@ﬂtoﬁﬁemrﬂrﬁdrphImeM&sWabchm nepe ntthbeﬁitd{leﬁvér] and
t he r esuhbore spedifisainithe cale stavhich therrmalog imnetrsignal is samelet byibik sanTile-enichokilmeasnp r ese nt
t he Lg“ytzﬂlef’ﬂ@‘é“'f hore specifi.cally, the rate at -which the analog i nput -
signal is -sdrptheabays examples anpl e- and- hoI d neans 25 24 of FIGURE 1. For ghe
above exanpl e, 25

[err] and [err] \/\'r"r%(r:-“cgﬁwr [err.

30 20 Asgagre further that the filter I's to have resonance at 1,000 Hz [err]
0.5%wth a Q between 75 and 100 and a m dband gain of 1 10% for a sanple
rate of 76. 8 m 8rs€Cbnds. Then [err] = 0.48255° .0024 and .002412 [err]

. 003217 Ejvgr in binary formis given by [err] Aval ue whrch falls within
this rand@®8nd which only requires three terms to express is: [err] [err]
must fall within th‘g-,range of: [err] 40 In binary form this may be

wittsm as: 0T = — 40 6 30 - '

GB 2 026 740 B 62ferr] The value [err] =1.1 10001 neets this

requirenent. Wth these binary values for [err] and [err
- Assume furthér that the filteris to have resonance at 1,000 Hz + 0.5% with a Q between 75 and

100 and a midband gain of 1 + 10%, for a sample rate of 76.8 microseconds.

Then wyt = 0.48255 +.0024 and .002412 < ¢T <.003217 .

B,in binery formis given by: |
3B : 111111001011011<-—B,<1111111011000100 E 35
. Avalue whlch falls within thrs range and whuch only requires thres terms to express is: ..

| —B_z-.111111101,that|s,—8310.9941406
B, must fall within the range of: | |
1.764205 < B, < 1.768646

40 In bmaryform, this may be written as: _ o o 40

0



) Thevalue for the coefficient g my be found by evaluating the m dband
of the filter. This relatively 5 corrpl ex conputation assunes that.

[e?¥]. It can be shown. that - 5 [err] A binary val ue
for gewhich falls within this range is: [err] ‘To |rrpl errenGBtitmzabm(EB 6
recur STVe TTTTer 1 [Ne processor of FIGURE I, CONSIderatron nust De grven
10 first tot [ err] may contribute:to an.
i mredi at e overple10W 65["’61%61 Ig% ﬁbhﬁ%ﬂgggéentl al overflow, a fraction of N
[err] forhewaamI£1 [recrod1 rﬂeats&musaaatrenﬁhew.&'ewsa brﬁarv@:ﬁuesﬁ&&?&ﬂde,Ed |l eft when
propagating [err] ‘S[err duri-ng the next pass. |1f overflow occurs, it
wi |l be when [é<r=r=}0¢ H@L@d&rﬂﬁ%{gat ed, rather than for. sorre |nterrred| ate

| T. b| b | h t hi '
L Wi o A S e o
[err] |s gW °'5%"' tep pysunes tyé_th“f 15 represents. only one- fourth of the

desired val ue. ODRBEE<IQI$ 0ePe%t by ALU Operatr on- - Destr nat| on - Source
' Scal er - [err] SR 0 LDA
lerr] ;\]'bmery I’%Iuef])rg which fallswrtin[nﬁ%i}ange is: ) [er (] o [er r]
-1 SUB g =.0000@000f11. - [err] e _._~4 ADD : [err]
[err] 4 SUB - ' -2 ADD
T { filter in th fFIGURE1 c ion stb ai
onmp -] erecurswe rin epr 4] { mu e gi
E(ggr ] 10 first to thej@c tha'cF Joth @, vcontnbutt?o anlimmeflgﬂelpreﬂ? 1‘IZI handle th{s g A’BD ¥
~12 20 oeriAlseee W'aém(’tionoh oboveP®abl e, the additional shift of-2 nust be
consi dered, note 20 [err] 4 |s generyat ed. The filter thus takes 10 words J

of PROMto inplenent. The program uses-4 words of the RAM 16 for the = ..
vari abl es Terr] and x. However, it is rﬂossr bIe t'hat x and [err] be stored
in tenpor ary Tr;ermry 25 | ocati ons. : L

. 25 7 is used
GB 2 026 740 B 7. In the above gjfa-npl e, the blocks 70 and 71 of
FI GURE 3 represent the del ay associated-wi-th the execution of the 192

i nstructions contained wi t hi n" .t he, PROM4. Where ‘a faster. sahpl e rate (broader '
bandvqsdth i s required,. the. Instructronsr Ierrentrn the filter,: or. the

il e,m%riﬁ’éﬂ Elipndanbdeln ikt

o note that is represents only one-fourth of the desired value.
5 In a sr manner to that used to |rrBEerrent the filter havr-ng corrpl ex

conj ugat e poI e pairs, conpl ex conjugat/@BLErlY pairs may dagy | ement ed.
Moreover, in the pr eseubbyerpu'@f er r aubsendiogli mengourch our lsmarcusour ces of
non-|inear operati ons—are avartabter—spectfeatty—ABS—tH—eondi ti onal
arithnmetic and the overf B al gori thmYz The use Yof the AS% and the overflow .
operations produce contipggus 10 functjons whil g the LIMand conditional
arithnmetic provide discontinuous functions. The ABS operation 10 is

‘equi val ent ‘to an ldeal fWPA-wave rectivii er. Rec¥ificatiomland filtering may
be conbi ned using the AB&’() @peration fgr the fil jer I nput._4Cscillators nay
be simlarly inplemented by the procesSor. One nethod utilizes a sinple-

rel axation technique to ARBl ement a samwt ooth wayeform gen@r ator. The

sawm oot h wavef or m may thg{h be altered, using "pigcew se" |inear transforns
to sinul ate a'sinusoidal function. 1- 3% Another’tret hod: conS| sts-of " |

i mpl enmenti ng an unst abl eABRcond or der vhi | ter wi ¥h pol es o9 the [err] axi s.

€e .

suB © Yoo Y2 -1
ADD Yoo x =10
suB e X 12
20 In understanding the.above table, the additional shift of ~2 must be considered; fote ~© = = 20
ye

4
is generated. '

-The filter thus takes 10 words of PROM to implement. The | program uses 4 words of the RAM 16

for the variables y,,, v,, ¥, and x. However, it is possible that x and Ya be stored fn’ temporary memory '
25 locations. _ 25



FIGURE 4. In this application, a telephone line signal |Is exanmned to
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FI GURE 3 I ehisS S tber AebdNy 3836 hated, xecution of the 192
i nstructions conta tr“t@ wsmh-ﬁﬁm i%m am"&m&ﬁﬁ oy 1 SR X *r At Bt oader

bandwi dth) is required, the instructions |nplenent|ng the filter, or the
| i ke, nmay be repeated within the PROM or an "EOP" instruction may be

enpl oyed causing the instructions to be reexecuted nore 5 frequently, as
ment i oned.

5 In a S|n1Iar manner to that used to |nplenent the fllter haV|ng conplex
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