EP O 168 406 Bt Description Technical Fi eld 5 This invention relates to
nunerical data processors and, moiEgp (p%(?tddgtg@rl y, to the generation in a
nungri cal dat a ‘prdcessor of certain condition codes resulting from defined
floating point arithnetic operations. This applicati-on has been filed in

t he Unit edebtriition of Anerica as- Patent Application No. 567,830 on January. . .

3, 1984. 10 Background Art In integer 2's conplenent arithnetic, every. .. ... .

r epr sent abfbehnbiitFiepat t ern has a nuneric value. In the 15 proposed | EEE
standard relating to floating-point (real) nunber systemformats, several
types of valThissingantondefeien del nurherichiodaten piogessbrsn lanth enge Dartididarly, ©. thé rybnemtibly in2
4. Denor natmeriodl detaripercessdy. ofNerrtain ucrbditian ¢ddes\sgsulfing fromr gediomis flating oist arithmetic
descri ptlerPﬁfat'Q@nornal i zed nunbers nay be treated the sanme as very tiny
nornal i zed rkiFAPplsationthes beanfilgst i yhepinprh Stetds oft Ametian @s Peent Applisation dlopBA74AB0 on
nunbers pPapR¥8d'®MY the | EEE requires, anong 25 other things, that "It
shal | B& possible to corrpare fl.oati ng point nunbers In all supported
formats even if the operands fsornats differ...Four nutually exclusive

reI ations %Frk%m s‘!‘i ble: 'l&ss than' " equal gr eater than', -and
unordered st case ari ses one erand I's Na 3/ '
NaN shal | ES % T; .ar %é{g gb value. ln th
Conpar |’5so Ej sijﬂ eil t?: ”%?°' Y agersyge °"67 °Yeﬁ"‘ HBWF PYBHAS ng
poi nt con an%Qﬁ "qiener atjon systems t he above rel ati ons are generated
directly, 'f"r Re use of -conplex logic fromthe nagnitude °

relati onshrz,o;;;,ﬂ tween the two operands. This requires extensive |ogical

opgrat LN aNBedolhditbatniiperounmary of the Invention 36 Accordingly, it is an .
obj ect of t5}1ﬂotI“Q§IL§Q¥NaN§}V6ntIOI’I to provide an inproved nethod-and appar at us

for generg bunshséd Ratis BEscHbi defdARslizdd MMbERURS doNdkted 8 b6 13s Déty URErbrhMizdL St
for the fqmbekequired relations. The foregoing object of t he i nstant .

i nvention i $heAesRnly Jrrs.nea: BindRiiOn ftiaivy Fhind Bl propostd B¢ ued IBEEfbRidd, Bflong
POI Nt Sz5C Qtisbr things) 10 AiEshakl BSpsbibld ® dofnPirs AYIngPoint Aikberstn GIN suFPoHRd RPREHEVeR H3he
conpri si npefah' diniRsdiftdr..Fol mugailyedxaltsiveGelatiohs &6 fpossitle: 0dss QAT fdqLN'gRadLBan’,

i ndi cat'i vaad Oénosdeferit The 3t easbedlissse Whenf atderstoehepeeant ds iINaNI EgenpNall shhlDedmpag
poi Nt . op cermridredt with efiérytsibg, sretudiog; it rbmparsonsabalidgnomahesigreof e (et @=02) | f the
operand |s i khbwefdating oint candiien cade Ieupsttivr systehds, thé aljove raigtionscanel gersrated gliredtiy.c ;
Not a feurthrough(thiaNpe iof corindexologic.afnain itte megnitedef felatcnahiy patween the e pperandel THG

| nfi nity réaulres dxtensivs leginat epeationsand ckduialt i ng point infinity; and char act” er| zed'
by the step of Iogl cally conbining the first set of condition codes“to-
produce a second set of condition codes conprising: Equal (EQ if the

oper and |S§meauaﬂfth9@vzré% G'eater Than (GTI) If the operand is greater than
zero; ¥ess than (LI if the operand is | ess than zero; and sqo Unordered:

(UN) if t h gﬁ;@‘r‘"ﬂhd i g pBectof F’]edﬁﬁtﬁ"hg ) ionip PraYigR ap imptoved maptiod apd qnaewsaﬂf

t he Drawd floating point condition codes that ¢ en be used to test for the four required relations .
K/ e foregoing object of the instant invention is accomplished by providing a method for producmg_‘ o
: floating points condition codes resulting from any arithmetic or move operations comprising the steps of:
40 generating a first set of condition codes indicative of a first selected set of data characteristics of a floating =
point operand, the first set of condition codes comprising: g
Zero (2) if the opsrand Is a floating point zero;
Negative (N) if the operand is negative;
Not a Number (NaN} if the operand is not a floating point number; and
45 Infinity (I) if the operand is a fioating point infinity; and characterized by the step of logically combining the
first set of condition codes to produce a second set of condition codes comprising:
Equal (EQ) if the operand is equal to zero;
Greater Than (GT) if the operand Is greater than zero;
Less than (LT) if the operand is less than zero; and
so Unordered (UN) if the operand is not a floating point number.

Brief Description of the Drawing§

85 Figure 1 Is a block diagram of a“data processor which utilizes the present invention. - o
Figure 2 is a flow diagram lllustratmg the instruction processing sequence of the data processor of
Figure 1.

Figure 3 is a flow diagram d__etailmg the operand tagging sequence in the ms_tructron processing
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. 55 _ Fr gure éL |s a bI ock dii agr"am of a data processor vvhr ch utr I I. zes the
present i nvention. Fi gure 2-i's & flow dia 4gtj)gam illustrating the instruction ~
* progessing sequience of the data:pr EPLH406BIFi gure 1. Figuie 3 is a flow
* di agr am det ai l'ing. the oper and”tiaggi ng sequence in the instruction
“'processin &68 406 ‘Bli.sequence of Figure 2. Figure 4is a |ogi¢: ™

di agr am s%% o ure

codes in %g"’*g* it il o b doapag s %t&ttﬁ%tﬂv%r?%%é%‘“‘
in Fi gure a processgr. 10 which is constructed in accordance with
"t he preJ erred enbodr ment of the&! present invention. In operatron processor

.....

10 execut ggshbinh §ngeneratly In 10 accordance with the:flow di agram
shown in guéhé 5“9 l|f‘a;ﬂoough processor 10 Is capabl e of executiing several.

~different Uﬁﬂ@v?n P Fildi tr WG4 @B Drocbdisr 1Y GAIBN Is- dopMRBibd B adcSralch Wathi the preferred
- directed baMRinthnt BOHR beSInf WivbhtiBR'S In\blerdilor Rschdshr A0 Yaxstiuted iRdrUEWBhd Ginefilly In
di ffer gt addeidBiich Witk the MW Bladrarki Shdvi i Bigins 2f AHNBIRA prid6u80rA0 isdABALRY 6t eideliting sBvRMNl
have any gifternt Rjpes 8t inbtiticiins,Cthd @B InvéhBbritis| pamBRY Aivecled tovidie thBsE MGRBENS Wwhibhe
‘present i gpsGiRt angrof ailfdity o ffoteRPhunieREI dpdralioes B peforMbd B dNUpehd whichigly
as sin, andvbahy ofdplaraiRy 6iCdierenttfa Jormuts. by atehi plirposasaif the preseld inveitioh, | spéhynumblical
etc.); Wwhopeeatibrisanaytisasithes miohtdic (sach. dsesing et squate oo, éte)grtdyadics(sadh @add yutliply, -
wor d, - lonefe.); wihiledl theedata jormeai otay- tbemtfbms fnolength (suchl asobydm iy, dongfwordh eskcat Buvly 20N
data of. dprbdessceistaisb saprble(af apdnatiag on date gidifferdBUM (sush taé intpogroBGR., {floging pYintiaie.)
enphasi s it einplissis wi bfalooﬁoahrmﬁmomfat@pﬁarat ions. Initially, a bus interface
unit 12 | oadnitialyag hus intgiace et thioads eanh insiruction @@GWQ)W@ Inietap ingfruction -
i nst ruct i @@steets: Altheyghithe bus inteifage Mnit Tecopld dejabue pengrelier sueh gs thet.shgwn H‘dtf’éscabﬂirs
cont r ofd e nighlo. 348,722 euRraiagd iRpiesaniaioy ik the farm st asapracAssauinteriace:sych
the pref ehatshovnad apgsribegtin gopepding #ppigalions(srighnymber 483 Pb@E'E%FV Pfrﬁ.' dled &teg 1§-uc |
-as that s%wdaﬂ?ﬂg'ﬁéﬁthl’ BREnPf Pt }In gittes a2 in
485672) . HBW"@P hé(leﬂa'?"r'qi éd‘“ Spgrammable s"%(rﬁﬁlﬂé ﬁ%“ g&r&nee
'P ' 1
..-."%f& g *_f :

“of the Jor%?ér'i‘t““'? Agt 14 i)
e rmﬁ -%Eﬁf%*ﬁ s

;mr t IyaE Pr_ﬁljg?
Tarra
;a.‘éj}“ {: dX fntrtr,srs,aﬁ AR rassnabﬁt.rwtm%%ﬂ%
L b8 il s&%m ﬁars e e et ngerrﬁ.tu@u,suf‘eﬂa

mcr oaddr es
Al ‘PLA: 2 ?ﬁ
appr 0pgy a&e b nﬁﬁ&n

e ""e"'nerrq&*mrd%erﬁggﬁ%gdrd esg f%g-hi 5& gphegi ster or register-10-
N '“1 f-necessary thetéifss(iﬂ for Empie, Uhénfory 854 R(pre&%&égh %i&d%@&uence -
=M Cromachia@. bydnd &1 PIH éd ah |iﬁ(t|all biRoot idtolnadMin 20 o doapetité Wittbfe BRtRteRsbstumt 1210 - . .
= MTedi At bading Ho\airek: dpgdRind fdidnelbk SeveratpeictrobiStert 24, THb BloproEYBsng WRicrddequéride WHIE . -
pr ef. er.dse dhdnQinile nftforRXiife 2 @tohthd birb)@ButiGh GiltOZBEIA 4 RBH8 0B Bporditd InfyipulktidR steps in w
M Cr omac hrdee 1o 2anverBliiiel oright@l Sokirddl dberiid s ah alerhal rdatat formtat STHisV €onvdied @perand is .
“lenabli ng premrizbip reind inlBworking fegis@r @ottshewniih edcoticnasitigezss t o ‘i or omachi-ne 122:-
l\_/t he cl asik thé ptelfetred rfovin; Wit ‘particular firdernat datafbrenat witl nber pardfdily r ahgsent ®r s tohis. a
- :pr epr oc es'supagstitiot alb sfeitiel evalisblec ddid @emdis; forlesandidie, BEstma Ghahvibpdrands icén be éxpressbd raeCt .
‘i cr oneac litegersJ@ lengthe ologer (4X leytaiiwbitl, tohge whrdsasi basee 16 BaatingLeint mlfﬁberwnlpsel@d higary he
~isour e opsededragcimalt (BCBINermufor g8 pesecd flasties paint nurkeirss inesinglepdpublytor eifensied oteeidlen. ng
m er osequRserpboni|fgw special easessisuchnscinasaradiasyyediich dnevigably cageir i ponyertingiieas base 10
“Huni't. 26 Iﬂﬂaﬂag peintitetese £ flggien Apint. Frugrefsnd ey pf taase diyerpefogmatiegan P cenypripd into tpe -
‘ori gi nal bawA exdendasamenision;fiaatiso Reint fmst H'ﬂ1°“td%§ﬁ af ¢ ?’rfﬁ‘tge?hP"Q"iﬂ%§@F'i"Bdaﬂ9 e and -

Fotaied ...2

'S pr e'rerdﬁ%wum@tcsh PRBERtoN, has. haSP kerie™ f°é it marg@ besl Mooyt 9f s?mrt
26 . - ﬁew Pé’reﬁr'eer af m"Fa @Mﬂ% ”I' 'taé? h o it {9 pRpranghaq n
.careful I b‘ f‘ﬂg %ﬂf‘éf‘ﬂ"atfr'%*“aé‘tﬂ"’

~formats. Y rs%X i§ Slbady in Bass 6c] B ers..
in engt h;ﬁf 1 ht onvers on as suc%b rﬁr iéeﬁ‘.é 51% one r{;éd@'é;:rﬁl ly i§

- ”“”b ers dxidecimal;value S3FFF, while the preferred form used within execution unit 26 is
' brased by -1 in order to facilitate twos complement manipulation. Accordingly, the preprocessing micro- . -
sequence in-the preferred form: willzdtrect micromachine 22 to step execution unit 26 through a brief series . .
of manipulations which rebias the exponent of the opsrand in the working register. Similarly, if the classof =
" 86 instruction is register-fo-register, the. preprocessing microsequence will simply direct the micromachine 22 -
to load an operand from the appropriate one of the operand registers 24 into executlon umt 26 and then to :
step execution unit:26 through the exponent rebiasing sequence. :
After the operand format- conversion or exponent rebiasing is complets, tha preprocessmg micro- '
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coded deci mal ..( BCDy form or . as base 2 floating poi.nt nunbers In si ngl e,
douhl e or extended -pr éci si on. " Exce %ﬁequw speci al cases, .. such as
i nagguraci'es whi ch | nevit abl y gecur inconverting from base 10 fl oating
point to base 2 floating point, an operand in any of these diverse formats

can be CORgBinkS dirdcRlMcrbiEchRB S 12 "Byt e Reshai opsrird 2o Bt Fhs. For 118 iplpoded bIMS
Wi thout | gesenOhveRiidn 86 operahaeaR be BREE ik (N datdlyPist AdrindlizocAiNORM); 128/ (AERO)CiRmIty ed
nuner i cal gNrEAR Adt-b ABmETRS (NARE #0r edxdehdedBfbcision Boatif pbirit ofetdhdfie AGHMUILEE Bfla §PE K
Into any ﬁéludabe'a&mméwaé hiivitigl & eRBAMER igkbateOthattor Boato R YEIRIMRIMGboSEIAE bXpbidRt BAS
.woul d havesdar@thdmebhin possibleleifoneiandia fonkRfd siypificdne davingQIies bigrificaiit bit(1SB)lon
this ex anamee(:) "dehermaiad”, Ro.dating) d etinipure ekmdhant afid @ adri-zeep gigrificandf rawingian (MMSE) e
desired "sup@); asi *unduntlalizad”} ifechqving fae xpecknt greatertizan thechaitimudh duteds. thanfthd haximum
-oper and vdndGhndnezelesighijcand detenl & ISBok awo ¥0)i Thea? ERSadia fype, lbaties Gtherxtasd) desian
preci si onexpérestteqna) thBe mindume aficamalitzerorsigniicandienthile the W7 datatypenisas s ekpanent equal
requi r ed. to Hevmaxieum andan alkpron Eention. Ginpiy. the NAN date brpe has| ap exnoneny squabio|te mwimuey
by t he hesud ddoi-gase fracidnae $3FFF,. while the preferred formused-w thin
executi on uf tshene insFigre st dhe, a0ging jRqrtier 96 ther prepragesting: miceoseauence igaly| erakies
mani pul atMigramachine 32 e plear@ sounee oparar e SIAG)egisier c%ao’ﬂd ﬁ'@ﬁ@é opgsandifag (DTAG)
pr ef er r edegBF AV *’t"ﬂ‘?'ﬁa%ﬂ?Ps'W@ﬂ%EﬁP ﬁ% ‘2’?’9’9?5“ SpuEee "? gena), ﬁ'?dt a“zé“"f‘i‘ﬂedhg h
a brief s‘@?‘l“é@“d?g AR ?59’5 Pd‘n‘? 'ﬁ@ %‘jﬁ Hp digots,

| t he wor k|_ g’e ? i ;'Osf; E "n ;frd‘g m tovan F%] ﬁibee:x:one
LR R, @ e g i el
o] and r F l‘fﬁ" %’;gg t nit
Rey .ﬂ%d , H,L;t%@ nw E&Q %g o ogg.é J gw&&m

26 thrg tler hand,

~conver 5| Q g,, , SroP id e agging MidroSdqubrics
-EP 0168 %ﬁﬁiﬂ %QH%EC& iE&&%e%t %‘rﬁé.‘é%? m GNS‘I’C 1 HecddeiCz, %ﬁdﬂﬁeﬁ@ﬁmng '
operand 3gyihda ft.{,hq,eSTg@gs the purposes of the present invention, the
oper ang Canlf%ig eRddUtion Tunit 981 Gighe® thaldePexbarBRor the FpsrMd 8 CshubiNGM masdMin eﬁm .
Anfinity el flding ﬂfcros&ﬂ%n&' iliEAgsle nidéAchind™08 1@ ihoRiroRNSIG B8 B twb 42) By Bl N
poi Nt OP QLA INSTRo Betolidt|ak ZMiBrofadhine 22 REthén Wirb¢ 16L& 'enabilidxBEkIbZ 6t 26 t0 diterming i ng
- an ‘exponeit fra@ﬁdaaao%n LB sRhifieAY 3 all fordshAs BadTe, T EReRIEE ki 25 Sigralsmeaty dtr the
| ess t hairadtibR miisteBeit) @ahs Rbging MicRed@erce,dadngideimiingdthat thé gpdrdntl Gsamdmhanuyng
-a NDStao Seghiedvingaiaiubiot ""MBBYAGTR28.dn en (ha pthet' ithad eaxevatidnamit 26 signats. "nb @eriynat”, the..
©.m ni mim draquiom maét be nch-2rg) and the tagging gitrdsequantd willenaivig mizron(ablibis) 2206 inmament(me
and "unn@s byhssartn INST one tddacoday 32,rand shpoewdting legyingd wiuetoh ™1 it $EAG 28. ni num but
| ess t han tupen mampletiom dirtiet taggiog of the sowcy ppdrandathnd dmpidcessing mityBRqudnce engbles  ~
[err] ThegerrEhioka2atotigag &, destinatidneoperairbivhininmely benmeaningleesdpih splectaskapatationds ngte
m ni mamn dyadichiroml the appreprigtegerief icihe dperad fegisterse24 o @ Aworking yip@isiprafeotashown) in - - -
exponent sxsqufieh ueith26: Fhe preprersrsingumicrasrguanpe wil pasingxecute the tapalpg mipiopRguenge 10 TR NAN
dat a typéelfaginglion epgsede fis @m:é'PW?"B' !'ﬁéagﬁ*a& F\'FER?P%BF%’%‘FP‘ spable micramaghing 22 A5

torglesy SEAG 28 W@%% gtion operand for By
.%‘.”?Tal{‘ °€H%Bﬂ the taging mictos ngzfze yaluedp 5%6 0 %u?ﬂe ﬂw&P'amf % -

r egi st®r and a estl nati.on opperand dA‘ reqgister

T gl ekl %g § IR o mg\ s
tagg: Egr mlcros%%glﬂce w a lﬁ: rop ae fg‘ai nu?r{e%ﬁl 0 &P% &E)gon
uni t %ﬁ EAr&o cti ro Sl w 'Xthm,lm possxﬁrﬁ

exponent. rét'ﬂ(s h oﬁé S s%eciaf‘@&ta e zarg1 iSRS NN She?BsulitDf 4 NeN
di rect edp&&uﬂn eﬁca?&?e?é%ﬁ Qi daNY dorati® vaich @81 eEéFb nafm.tf, cid)ein kR td defednish dafy t he
oper and sSpcakible 26th SpaciddBses G5 VIR B ZeMAuliph RERRARY B kbgeran@ Shich % & NAN, the
conpl enesyeraibifexbuic icfoadiflencd deleétEny( Ab) PLAMS0 \Webenls dgdh trd tRABinaBet in STAG 28
execukd Oghd DAL 360AsBiBIRG Inflially tat @ dp¥rartifs) a@ gged dsMmealigha] thérci a2 BEA it Provide
oper and ! fiicrdaBdresaivf the abtual @pétatioh @xdcaidl imigosadu@nees Bapsadherypof t¢isbigeted numerical
" successf epetajion] @ @pérition dxdchiiin mitveseqpercanid ehablenoicrombdhine @2 toeopira ekdculichamit PR) a
val .ue of in[aerapgropriate 3ds of StepsOo detmenplishiithe ogesatich. Thé operationuéxecution midrosBduesdegrila| s
. "carry ohed' dirdchenicsergathifie Cantd posts anybexcentions, inepyaterell dn trarfaning the opasatioguia rihe

Wi || enaiberred fomo seablexcaptich® mqbsdamadm 5 WpdegipAGNogCtispunted easult)n@;w@mbwzemw to

decoder ig@lid epeeitiothen exiting
In contrast, assume now that the operand(s) are tagged as one of the special data types (i.e. zero,

infinity or NAN). In this case, the A2 PLA will provide the microaddress of a special operation micro-
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| eaving a value of "1" in STAG 28. 25  |f the execution unit 26 signals
that the exponent of ‘the operand i ﬁf‘ e% t 0 the maxi mum exponent, the
tanl ng mcrosequence will enable & fAifle 22 to incr enent; STAG 28 by
two (2) by twi ce asserting | NST. t o .decoder 32. M cronachine 22 is then
di rect ed (0.&RenRnEK SpbtbhrRS, Wl LimB§ diBctdficRidinte dof ol f5e i Gbkd <R Ini B0 -
Of the si gé%hrfah&?ébgrahé register 2€ b6fre ﬁnﬁﬂe@oﬁ’espbrfdm@éﬁ&lﬂﬁdn%nv Hrdm fist tis SERbSf
"carry OuUg pre%aﬁ .&&ﬁsﬁ 980 TR Sighifcartt HeRafits2d16) rdaliéBa: tROSHeR o b RSE AlER3EGences
havi ng deisdibvaads kb até:éb D&t M8 Harldfing dpbéidl cisks, tHi8 Yilowing fSteh bpekaaer &:aButiah; all
val ue Gf suéh spddial>ddd6s 8- nahdied 4Ry Tabiesinite I8 cali@itdn n6aeesaidn:Mankl Mubstablal THIEHERLS
"No carr ysgasd is savidd Sindel tRgsh isgtidialdpefatidhemiBoSoqaenicss can BélsHafed bl Al Gkt tions.
M Cr osequenager\odting @MAEKcEptitisCBAUTE Bbdiatior Sxectioh BN BEH bperatibfomiclossiytieAdss dlidct Ng
| NST oncemicomdéhina@2rio sare ttresult dieh @atill inrsgwdridvwbgisierdnot sitows) in bxeciion iunit 28Ttk
28. Upon iaorgpsekicted ronefof tHecopbiag) repistens’ 24. Tae widnsmzehing 22 aiicthent bee enblep o setiss Ng
M Cr 0S & Usppopriate edddition codes antblofiame pasibdt excéptiond iato destdtusivagistern(nat shova) avitfiinvibuss h
nmay be neiatsifaeg uais &2 fof uselby tisalser Mattiplawe 1@ villdien 1be enabled Ibfotkaatiihe AP inicoadirass if
appr opr i adnd wherethe hext metrustivpriswedeived dor skeentond therpraferad Wom hengjocke gre sise stogpad to
shown) i rsaexmowet, ambugmterfagqsumtmevilple@m the slockis9gly when ths egrligsteetionities beggddaded
execut e tlmelrﬁtﬂgganfgglmfdﬁosequence to "tag" the destination operand. This
time, Mowevlthe inpaicliongelesads rrglstertoanrieans dndinging theita areripnsly gplculpteddestlt freto® t o
cl ear ST/AGres inten gempxGimoprepypressing FiojospausReceried gy dhen AY ALAL #b wille injtipllyagirest
operand frBiFromaghine ¢ l:f!id R loagha paficulaigputse operand fiom, pRRyof e peyeralRpering redistass 4 infpe
i n DTAG Z0esfian united. Jhe Pﬁﬁ’@c%fﬁ'ﬂﬂ d?JF’P%?HEF"E% ther dfeest: mic *we? a%éﬁ/eemmwr?

| et g’t"HQ“ Fagt"PPé°H€§ prerard d, i
orepr o 'es%g. e e ranmz 's ‘&"%d'ﬁ‘z“ ioe~3 4
to provi w ic sapr ri LAO t% %Fh%tnlu d ng@ ee 6 cracgh '
Ie)s( ¢ gﬁg[g f dlcPa e% m tion. Fﬁggsfn rg?nt e ence af:h pr epdrnj(g%ie by n

e 2:;&&5?;‘3@ 53 5 :%sé m@sa@;@&.ﬂ G

~have one HRARbAL atf&msms% ok oy o ﬁg pied il Cha
of a par hbisdh G VAP s 4108 i ApsI] *hcouhtefdd’ A
-1 nfinit erdfhifg the obdtatioh ier ﬁd&ttr@%? Gﬁceﬁtﬁm@ @bth Yheao%arﬁﬁt‘ﬁ&h s?onﬁﬂ%sa%@@ﬁé al'ects

- cases S nildrothddRind 22 46 cébperdld! dithPdu¥ iM¥ridcd fuhifhi Yo Stbreafle RIBEAH ARsh WMt h h SvorkinBlAN,

the oper adgis®R (1Y 8Kown) MNexXSLUEbY SAIC D6 e a SEIbASE RERIBY infekteialmaer) (At RAGWHS. THRON
the tag inidrediddBihd ZHwill hedbé\enaBBd et apidiiiatd CondiliGrseodbs Whd ildyl dniy Pbsted exbptions he
oper and( info astatud @gigenatshovd) within Buednteriabe tnitt 12dorAEs biLtRe udel. IMuflipiexor d8 willhieen be
"m cr oaddemsbled &b fotwaed the tAdarhicrogidreas if and ekenctié ned instruclonde cpceiveticior @epdiondiimthe
upon tahe pstetred foeul theiconks el also stoppdd to 1savet foweropelras intrfacexmit 12 wilinrestart the clocks
m cr osequEynwhemthd dexdinsiottion hastreominedediindo PStrucipncegister ®4. executi on unit 26 in
-an appr opr i The eonsiion exlepfentip dpsstatus registeyeping bus inthrdace it 12icomisins Miraondiion gedesn -
\execut i onhieh avapheqase gt tevint] of tall empveliand crithmplisr bstections ivalving: the fleating cpeipt data
except i offgisterscsennt for bel moye pulirioinsiuetions. The egndiien qogks.ars:n t he 55 preferred
form “uchN exceptasbiReuliwae Negrive EowbiP| ow, underflow, inexact (rounded
result), éﬁ:w de gﬁ"?ﬁtd"aséﬂﬂ invalid operation. In contrast, .assume now
that the Qne t he specia datatypes (i.e. zero;
infinity dﬁ‘{\m rﬁs”ﬂtﬁ‘%aggé@'aﬁﬁgngﬁ' ORRRie ”Wd?{eae t he m croaddress of
a special operation mcro- 5 . EP 0O 168 406 Bl sequence which, I|f
approﬁ"’?i ate, will sinply direct mcromachine 22 to store the default result
in the destination operand regi ster 24, before posting the correspondi ng
exception if any. Fromjust -this aspect of the present invention, three
very significant benefits are realized: the operation execution
m crogequences are relieved of the duty of detecting and handling speci al
cases, thus allowi ng faster. operation execution: all 5 such special cases
are handl ed very fast since-no cal cul ati on need be done; and substanti al
“m crocode space is -saved since these special operation m crosequences can
be shared by all instructions.



After posting any exceptions, both the operation execution and speci al
operation mcrosequences direct ngprgofgBbEmy 22 to store the result which -
isigtill "i,n a'working register-(nhot shown) in execution unit:26 back into a
sel ected one of the operand.registers 24. The micromachine 22 will..then._ be.
enabl ed to selppderckt APRELLLAG! podprdidanmdl hsiescadd K BBCAy ks ed

exceptions info a status regisfer (not .shown)_ within ioter face upit 1277
for use byetsetuRnsed HRop E 3r°9§r\ﬁitlj1°qqfféf%\%ughaﬁ$g§ dF or#/érd the ™ 7

[err] m QBQ?'SWSE.SS i andgwhengt he gg_.mt i nst rResubt _Dataclypéed for
. executs on. [n the p'r'E'reg‘é'df tMe Gl Qc SQ. S : e
power, and bud int@ff-ac uni-t¥12 will %eg\oﬁ%#'ﬁ% clgﬁksggﬁﬁ&éﬁe% he -next --
| nstruction has been | oagled i@to instrectniomakiged cor 1denprmal ized he
instruction class is regd'ost er zt o- menor % 0I ndi cating that a previously
calculated refult I's to be st ared into nenory, the preprocessing
m cro¥equenceqcal | gd by ghe A)- PLA 20 wil0 initially direct mcromachine 22
to |l oad a par icu_I,g)r< SO ce--oﬁierand frg_mi rpjft he several operand '
registers 24 ¥Fnto ecution. uhit. 26. The preprocessi ng m crosequence w ||
t hen direct mjcromichi net 22-t@. per f or m=t Hafidagief g ni cr osequence to tag the
source operang_. 20 .Upca; conpl eting tWaggi ng of the source operand, the
pr epr ocessi ng®m crgseque ce directs mcro- nachine 22 to enable an A3 PLA
36 to provide the m croaddress  of an operand conversi on m.crosequence whi.ch.:
i s appr opr Siadesdataotypd. is @losaty rofareli to) daté Foemat,Othis canditigrecodlesiméy’ b TgdnBrated v erfendd thed at a
format tralowihgwayst er nal data format indicated in the instruction. The = =7
Qrzypr fLcessFangn impleraaationewhich: ipdukest dnithmetisciesulta firt ene oflthe dEEE standardtsrigidiyndefiiedne
27 t o erbasi¢ formmtd (singlb esdoubla)gthe doliévingabiel desadbes\Bredata typa diuacesrdance ith the smallest . . ...
- Dependi ragd lagesi noiralizse heroheesforgerteiormat ("chinexp"fapd Fraaxexpl respegiiwelind conversion- -
.microsequence will ‘then enable micromachine 22 to control’ executi-on uni't 26
“7ina series of operand maniggifti ek I @kler - t or agpden* from t-hes -
I ipntersgal--data fermat-into TO0] O ve -, ext.ern - data shEmTImI
- formats. Thormadrized convaPiRBEPNKEr 838, feh RAXERXP. tLZn)Hf‘r‘ec‘tx i.cronachine..
-4 22 to: post gaRbeeicidddns ,gj_\ﬁégﬁt ergqd In perform ng {0¢)dpnomizem> After., =
" posting any- exceptions, both the opeirand conver si on 'craﬁequ%e directs
... 30 micron&8kPne 22 to coo‘bf‘;ﬂﬁi‘@ % th bus interface tRr9P2 8% ore the
iresulse whigRelinitdy |1 in amagekpne regi ster (not sho(w) )00 .exdlfi 6 UATT T
-+ 26 into a selected location in external menory (not o] 1 o
- mi.crommchi R8"22 wi ||t hen BRXEXBblFed to set the apprggry\g%‘gn t}‘eed";‘{f?on codes

con
“and | og any poshed mweapér opartnbdta ist dmpl ket sier theobasiown) wi t'hi n Bis™
“+interface %nit 12 f-or use by:the user. Multiplexor 18 wl.l then be enabl.ed
"to & war d*PRBAES 1| nicroaddress if and when the next instruction is -~ =
" received for execution. In:the 35 preferred form the clocks are-also + v
~ stopped t GFosanvimplemetation ahidh Produces tritrfielic @esults it af Bxtevidbd fornes waikh corifems kooibk s ~-= -
(onl y WhiEEE stasdard®sibosk Wefinitioit {thecpreféress! dofindtion Indibai@resentritvention)sthe folidwingreppliegi st er, . .
- 14. The c®indé thbdFEECSRid®d Sevstnot iiyidihepesily alatadormaty fcs bxtended predigiorh tre followieg baixe
.5 uni t. 12deserivesithn dath-dipe defivijonstdf the presentiovantioneh may be set at the end of all . -
. nove and dh¢ extended format yilieescan; @splisit integer Rart bl () The standandipapit on mxtenggd fprmatto
" regi st ettiizacsitberpgn implictt; o coxpligh dategar parpbit AlSesthe giepdaghvery ipRrehvcdaiines the fesees
~are: 409xponepis used for the zero, ipfinity, denqralizpgh gngt NARL dpte types. Jhig jmplerentation follows eyt -
was zerfnyentions of thehasic formats dn {fs, chojeg fof msg%eqmqents for fag extendpn formats Howenpty or
©a f1 oat TG gsBRigHes catithe easiadaniddp aw Bipndrs PERy'siss wich confepngyo RSEtANEHYRL The . -
four floating point condition code (FPCC) bits
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are set based upon the operation's result dat a type as foll ows: N Z

| .  NAN ) ~ Resul t ype O 0 0 0.
+ pormalized or° denornalized I.EH°1§EEBEBI, 0 normal i zed or
denormal ized O 1 0 0 _+0_1Q ' 1 1
0 00 0 1 resuik exponent = éxp Nfi Eddefion* O 1
0 - infinity 16 . T

NAN Si nce datroumabizedc| oseminedmied e¥PIATaMASLFR | kX cond¥tion codes

may be gener | af thanddd owing ways 20 - Fq, Glondpeesent ation

whi ch QI‘OdUC?S&ngtITTR%?Yg?IeC resultts E|s n one of the | EEE standard's rigidly

defined basi €@ nats (singl Bi&eX®uble), the fol | ow n(? Uy e WRscribes the

data type in ﬁgf?gg@ﬂce vvithmtalgg,@*ra.l.lﬁst and | argest noyo®l j z&el nunbers
m

for each format exp" and "maxexp", respectively). re<sult exponent
exp fractionT8R . : - nornal-iPa¥exp + 1 m nexp <= &%p ‘LQ'.":'n%&%?p .
(1.)xxw. .. XX sdenogn@! igedgermpae’d bit is explicit in the basic

(O . )non-zero> zero 5 mnexp - 1 _

(0.)00 ... OFaRMmAESepinfinity . : maaxexp. + 1

(x.)00...00 nan > maxexp + 1 :

(X.) <non- z eTeoestablish-the APCEs inthd edppried geaeit bit is inplicit in the basic
35 15 f or Pefihs a Faatingspvint mphtissec(sigrilicand) asve bt stongoduces arithmetic results in
an ext end#d...ffhir rat whi ch conforns to the | EEE standard's | oose definition
(t he pr efwheredne "Htisithei expligih infegenriae bi peds Hifft....fFii isdba fraglion- t he f ol | owi ng appl i es:
Si nce the | Bepvligvinmériinitond desgribrohargwarg elamentsflateheply dat a formats for ext ended

pLeci si oresult #ign FAIERMUFIAG onl y describes the data-type definitions of the
preserff Fefyieteoypart k@ = ed format utilizes an explicit integer part
i npl i ci t TP pepeniqapal f P T MPEXP Al so, the standard very | oosel
defi nes PH‘EI_ r3pd ) qifast dher quput ¢f 8 hardyrare C%ﬁ’gqamf’ ntergdl AYoonditodsy
and N%FI dat 5‘:; 9 ] 8 fPe | -
basi ¢ T oPM T= ~of . reserved exponents for the extended format.
However, these te ' cqul .d.b Si.| d ed to any extended precision -
. g’lﬂﬁ 4 gcﬁguifia"d "M-&GQ 8 406 Bl result exponent == -
~exp’ NAN =
oo 1. XX g9 . XX Ni\éd Wit i B do not;.disﬁnguisﬁrb&ﬁm normalized and denormalized numhbers. This capability = =
-0. <NON- Z BhiRFeasify 8 implemented by defining an SdHNE hardware element:
MBXEXP  the fdllowing equation would then set the D bit okFPEOPN- zer o> 10 * he
I nteger  p@kst INEXPIafid G €80T bfid dot (N_Nouthhe basic formats.
the present invention produces results in an extended format, a "D" bit as defined in this. section would only
indicate extended precision denormalized numbers (which occur very infrequently). '
generation only as a result of a floating point compare operation. The processor of the present invention is
40 capable of generating these relations at the end of all move and arithmetic instructions involving the floating

bit (i). lopica-Qh of st fmetonibits dn QT ended format to utilize either an.

R {imBengios ricn
““whi ch confprms to U (
‘ C %smma | zed m nexp <= exp -~<=-maxexp---
0. 00. . . ORysixpbiehtYaqual to (minexp) = MINERE Bnd definifg an 9litional BPCHBR D" for d?noml_alizeq._
35 A "D" FPCC bit would be useful. in an implementation which produced results in a basic format. Since
U As previously noted, the proposed IEEE standard defines the following four relations and mandates their
point data registers except for the move multiple instructions:

EQ Equal to
GT  Greater than
LT Less than

45 UN  Unordered : _ -
The unordered relation occurs when one or both of the operands in a floating point compare is a NAN.
It is significant that the setting. of the condition codes is independent of the operation executed; the
condition codes simply indicate the data type of any result generated. it has been discovered that by using
this set of condition codes the IEEE -defined relations can be derived from the data type of the result. This
50 is different from conventional processors where the setting of integer condition codes is dependent upon
the operation executed as well as the result. :
These condition codss are used:to generate the IEEE relations by using the following formulas:
EQ=2 : ' :
GT = not (N+NAN+2Z)
56 LT = N. not (NAN +Z)
UN = NAN .
{where . = logical "AND" and + = logical "OR") .
Ultimately, in a floating point processor, to be useful, these condition codes (and relations) are used to




To establish the FPCCs In the extended case: 15 Define a floating point
manti ssa (significand) as the bitEeptoriesgosgiffff fff. where the "j." is . the
explicit- integer. part bit and "ffff...fff" Is the fraction. The foll ow ng
déf nii ti ohs describe, hardware el ements &I atches): result sign = SIGN FLAG
20 resukbdusé womijional jwanchdsi or {raps=tonbe @lEN (G5 Jenkifed fcﬁ@cfhlmeaft'@gm@m{f’&"a@t‘i%n-
bits = Cedddfionselg tietinstanpiovastion, thgsrongition Gogsecagused o) affirmop disafismpisi nredisategs Je 5 q - -
MAXEXP c toiidvdngieblacgivels éhe Rtpesdisgieputedof a har dware conparator or internal AU
conditions. The follow ng equations describe the logic required for setting
. FPCCs ®pedticatipl ¢OPRER) | Mnembndle 2&scpipdioss (@%ta@ﬁ%e(?ff deaR esutls: N =
S GNFIﬁéG é.: rC]%EI' (MAXEXP). and not( C QUT) and not (N_QUT) | = -
MAXEXPPAhR ‘no? fc% é NAN - ~ MAXEXP and COUT 30 Not e t-hat the FPCCs
- do not distin@udsk BePweeR nornal F2&&®and denor mal i zed nunbers. This
capabiﬂ{i ty coglg ¢agity begi mpl:engguad by defining an additional hardware.
el emet: result_expongnt al to.(m Ph,.= defining an
addi ti onal FP&PH t? D' deno ﬁgfggéd.%rTﬁggygléFo?\nﬁﬁg equation would
then set the ® ®i0 bf1FPGESED " OrfexEdpornfreaterafbanoPfr( BQURL 35 A
"D' FPCC bit ywoyl d @eo use{,ﬁf. T'n gpabpeleEBNLaksofnwhi ch produced results
in a basic fofmat. Since e present 1 nyention pr guces rgsul' s in an
extenffed forndtd & @D bhiQLBs def PREBEPA PF Q?s§e§ RBnho & 2dnl y i ndicate
ext ended precgsgon flepor ngtLzed noptered(ohi Gheatenr ovelgssnThaguent|y).: As
previ ously noted,. the, proposed. | EEE.stagdard defines the follow ng four
rel ati ons and® n%m’da{]eg th%?r g;enggﬁ?%)ﬁgonl y as a result of a floating
poi nt ,£onpar 0 oped A idn. Odhe procé@sendevedt he present invention is 40

cepabl e of ge(pe{‘aq i'g t hapgy T el at je8saet et N €BGual al | -nove .and arithnetic
instructions 1nvolving the Tloating point data_re isters except for the - -

move multipl dihdrudi oMGTEQ Unegdered of Gregfeh; LPaBhan LT . Less.._. .
than 45 Uy 1 gunorder eggghe ungréiderled cont GosateeuThanhes Bgeadr both.

of the operands inh a flo g point ¢ acre_ | s t is significant - - -
that the settdny.? cﬁa % he diti o‘ﬂ"%’ffggge‘la s°+ nﬁgﬁgﬁg{éﬁ of ‘the operation:..

execut ed; thes cordia ifon dides si riprgrdexied o Less JBhant9peEgRadny result i

" generated. It dilﬁd)‘verechég byjusing this set of -condition codes
the | EEE defionggs'r te]IIeZ{]i ons can. be de??c\lle fromthe data type:of the result.. .
This 80 is dfidrént! frdn conver®i¥hal processors where the, setting of .
i nteger conditt.igop godes isy dependeignalPDing rabper at i on executed as wel I &as™
the result. Thes ondi ti codes,are_ ysed t erate the | EEE relations
by using the ¥4 I%o& g f | as: %@@gf@g =€%‘g¥f( N+NAN+Z) 55 LT N .-
not (NAN +Z) UM 0 NAN (wete. = |Guoeater "FINDI and + | ogi cal "OR")

Utin&tely, i 2 of 110t i nggpoi nt angézgtsgpr.mé,p e mgedyl . these condition .7

codes (and rel ations) areTu-sed- to
LT -

10100 . Less Than )
W 10101 LE  Less Than or Equal
0 10110 GL ' Greater or Less Than
101 11 LEG - Less Than, Equal or Greater:Thaq _ -
11000 NLEGLJ Not (Less Than, Equal or Greater Than) ... .
P 11001 NGL - Not (Greater THan or Less Than) -
11010 NLE = Not Less Than or Equal
11011 NLT Not Less Than
11100 NGE Not Greater Than or Equal
® 171101 NGT . Not Greater Than
11110 SNSQ:, Signalling Not Equal
11111

ST. Signalling True

&6 B . ’
For a given host processor instruction the predicate of interest is loaded into the Bus Interface Unit (1'2)
by the host processor whereupon the logic shown in Figure 4 combines the predicate and the floatfng point
condition codes (FPCCs) to generace a "T/F" output to the host. The host processor then uses this output ..

9




- EP 0168 406 Bl cause conditional branches or traps to be taken (or
identified) for each:meaningful conbination of conditions. In the instant

i n\pntl on,. thése-condition codes &P IGRAPBB affirmor disaffirm 32

pr edi cat es. The fol | ow ng table gl ves the 32 predicates used: Predicate
(()CPRE(E))) Odclavcr:]a%g;ég Ico%dx%salcbrr:!\ {1191;9 tnggé) %an anc} @%Paken J false) Bi tEau al 504030201 10
0 - oGr Oredered or Geater Than O 011 OCE Or der ed
or Geater Than or Equal 0 0 01 O QT Ordered or Less Than 15
00101 OLE Ordered or Less Than or Equal 0 .01 10  O&
Ordereli or Greater or Less Than 0 00111 OR Ordered 20

0 100 O UN Unordered 0 1 0 0 1 UEQ Unor der ed or
Equal 01 010 uGT -+ Unordered or Geater Than 0 1 0 1 1 UCGE
Unordered or Greater Than of Equal 26 0 1 1 0 1 ULT : Unor der ed
or Lesg Than 0 1 1 0 1 ULE . Unordered or Less Than or Equal 0 111 O
NEQ Not Equal 30 . 0 111 1 T . True 120000
SF Si gnal l ing Fal se: 10001 SEQ

Signalling Equal 1 00 .10  GT ‘ Greater Than 35 1 0 0 11 GE
Greater Than or Equal 1 010 O LT Less Than 1 010 1 LE
Less Than or Equal 40 1.0 11 0 GL Greater or Less
Than 1 0 11 1. LEG "~ Less Than, Equal or Greater Than 1 1 0 00
NLEG Not (Less Than, Equal or Geater Than ) 45 11001
NGL Not . (G eater THan or Less Than) 1101 O NLE Not
ess Than or Equal 1 101 1 ~ "NLT Not Less Than 1 11 0 0 NGE
| Gzeat er Than or Equal 50 - 11101 NGT Not G eater
Than 11110 SNEQ " Signalling Not Equal 1 11 11 ST
Signalling True 55 . . . -

25

30

40
45
50

56

10



For a given host processor inst r;,uction'th'e p?edi cate of interest is | oaded
into the Bus Interface Unit (12) b? frocessor wher eupon the | ogic
shown:in Figure 4 conbines the preédicate andB he fl oating point- condition

codes (FPCGCs) to hg.pho Sbf g8aor
then uses this (ﬂ? °ﬁ°"“§> gi%§8 gggétf&?etscggrsée%tamco%j{l"loonap? ?anch or
trap to be4akﬁn:ﬂf énemrates thhe TAReaignaflal se. 5 10 20 25 30 35 40 45 50
55 10 EP016840681 The foli owi ng tabl e describes the BIU |l ogic of Figure

4 which generates the T/F signal: %o TRUE
CONDI Tl §NS 5CRn(u3-S)Q=1CPmDNEN0\uc uBRp GP%"P&TI?&T FORTRUEO O 0 O
0. 0 F 5 4 3,2 1 9 JieoNge OunOltOgtleq TESR FPOR TRUE 1
Z100.0 0201 oGT 1 not(NAN#Z+N) 0 0 0 0 1
1 OGE 0 0 0 01 @ 9zinotfNaneN) O 0 O 1 0 | o_T

1 o m)rbot(d\lAl\#Z)o 150 10 oz@ 10 1 - 10.Eg

Z+N. notoNAN) 0 0 0 _ 1 1 0 o o

1 1 1 0RO 0 0 11110 no‘?‘ETqAN) 20 8 o 1;103,1%&%%@)

oNAI‘dOoOol]O1O 10GE UEQ 11 Z+not (NANY) a o 1

1
2 PO 1 1°NA\|+£+no’t(r\‘B &g anOt(NTZ) ° Uqu.th(kAfﬂ-z) e

NANH[ N.%Bot (Zp] @ @ 1 ®» Q 1, OLEULE 1 1 1 ZN.aQ&MAM O 0 1

L9 dEY ol1l1lo ?__o@Qt(Z) 307 10 O pot(nAN+k)! T
0 60 1 1 1. OR 1 1 1 not(NAN)
O 20 6 01 0 0 O = UN 1 NAN
' ' 00 1 0 0 1 uEQ 1 1 NAN+Z
¢ 01 0 1t 0 . uex 1 1 NAN+not (N+2)
¢ 01 0 1 1t UGE 1 1 1 NAN+Z+not(N)
oz 00 1 1 0 0 07 % SRS T NAN+[N.not(32)]
¢ 0 1t 1 0 1 : ULE 1 1 1 NAN+Z+N
00 1 1 10 NEQ 11 1 not (%)
% o0 1 1 1 1 T T 1 1 1 1
0o 1 0 0 0 0 SF o
s 0 1.0 0 0 1 SEQ 13 :
o 1 0 0 1 0 GT o1 not (NAN+Z+N)
| o1 0 0 1 1 ' GE 1 1 2+not(NAN+N)
B 0 1.0 1 0 O LT 1 N.not (NAN+2)
“ o 10 1t 0 1 LE 1 1 Z+N.not(NAN)
6o 1 0 1 t 0 - GL 1 1 not (NAN+2)
6 1 0 1 1 1 LEG 1 1 1 not(NAN)
4 6 1 1 0 0 0 NLEG 1 .. NAN
@ 1 1 0 0 1 NGL 1 1 NAN+3Z
o1 1 0 1 0 NLE 1 1 NAN+not(N+2)
50 ¢ 1 1 ¢ 1 1 . NLT 1 1 1 NAN+Z+not(N)
o 11 1 0 0 NGE 1 1 NAN+[N.not(2)}]
0 1t 1 1 0 1. . NGT 11 1 NAN+Z+N
¢ 1 1 1 1 0o, sSNEQ 1 1 1 not(2)
® 51111 1St 1111 '

11



10000 SF o 035 0 1 0 0 0 1 SEQ
0 1 0

=)

z 01 0 not (NAN+Z+N). 0 1 0 0 .
L G 1 z+rE>P?Nﬁ?\|$?\ﬁ136 1.0 1 0 0. LT .
: N. not(NAN+Z) 0 1 0 1 01 1 1
S Z+Nnot(NAN) 0 1 0 1 1 0 - a e not (NAN#Z) 0 1 o
101 1 LEG 1.1 1 not(NAN) 45 110 0 0
NLEG 1 NANO 1 1% 0 1 N 1 1 NARKZ T
1 1.0 1 0 NNE 1 71 NAN#nOt (N#2) 50 01 1 0 1
1 s NiGlaims 1 1 1 NANZHOL(N O 1 1 1 0 0  NGE 1 1
NANG [N not(2)] 0 1 1 1 0.1 NGT .1 1 1 NANHZEN O 1

1 1 1 O. A meiSdE®r prdducig flbating. points m;ﬂ(ﬂﬂ) cOdes 1resutting Trom1 any] arithmetic ¥ move

1 1 1 EPpedalie®s coMprisiil i s@ipaiohs 1. A net hod for producing floating

poi nts condi géneratinghal st set of andition €adesrindicgtivaof A liest pelectsd satonf slatgpharactdrisiivs of a
conpri sfong t fiesting pejs opaend, thpcfivesseitof papdition ¢ades comwrisingt condi ti on codes

‘I ndi cat i ve o¥era ($)iifitha opgrancbie adloptigg:poidfzerdat a characteristics of a 10 floating
poi nt oper anbiegaliveeN} if thg ppesaad isyfegeiveidi t i on -codes corrprl sing: Zero (Z) if the
operand is aN?tlad‘éH"?bﬁb(NEWl"rﬁ’e oRerapd isNe rg%ﬂ'q“ﬁ'@ nymbeg; g o erand |s negati ve:
Not a Nurber mfinti% () if e opsrancp a fieatipg paint infipityz and S‘P'FW stoR, pfilegicallygombining

| nfinit$ (I )th fi"s bof sRdition q"%%{"fq“ﬁ%f ??‘?@"dpﬁ pfteon dPsy°°"5’Hﬂ“9bhar acterized .

by the step ) i ‘#" the first set of condition codes

to produce %}'? n §;°ng ﬁgmrrprlsmg Equal (EQ if the -
operand S a@ﬁ he operand |Is greater than '
zero gss t - 't eerao grngtndoang ess "ibﬁén zero; and .Unordered (UN)

he op d\ aTo]8 f&thfuJ:BQJn' i 2. The nethod set forth "
i ola m? T’g lem@fa@aroréanason eas%%& ' gelottyta%@ﬁm%g?dtﬁ@g% Blocicates.

condition co e to answer one ar - nor e O a pI ur con

predi categ, whe mdiod et tammsc@a;m 1 to HehbirCthé sib Jaf Qéne.%amea%s@ sbttf cSHdRbn Sdes -

gener abi Ng SaPrideb idlstep£bs: Of condi tion codes . conprises-the. steps. of
generat| Ng &gehéthting aSthikd &k oCRRdHichi BibsGRAkREve didldé@JnU%aedE&t 5Bt STRRAHarbddriSrce f ..

-expiicit i nttngepliditadtdgedpet bitfof ﬁEesgﬁioeﬁu dtitedpdrand (M_outper and (N OUT) ;

.the | og cal th&Rogital ORlof &iffof the dradtion bitsi ob thelsighificand ottheoperag:n(o‘ iGLUARGndf t he s
operand (C GoTdicatondMAXEXR) ifi tisedxpanent( dkbéofisland fs dahat teethe miadmom eﬂomhna velpe rand
s equal toanthe maxi mum al | owance value + 1; and _

logicailly combining the thll'd set of condition codes to produce said first set of condlﬂon codes

as 4. A numerical data processor for__ performmg arithmetic and move operations on a-plurality of data in
floating point format, comprising means for producing condition codes representing the data typs of a

result of. an arithmetic or move operation, Including zero, negative, not a number, and mfimty and

characterized by )
\ means for combining the conditlon codes to produce comparatlve results Includmg Equal (EQ) if the
40 data is equal to zero, -
Greater than (GT) if the data is greater than zero,
Less than (LT) if the data is less than zero,
Unordered (UN) if the data is. not a floatmg point number.

45 5. A numerical data processor as set forth in claim 5 whersin the means for combmlng the condition
codes further includes means for receiving conditional signals, and wherein the means for oombmmg
produces an affirmative or dlsaff rmative comparative result.

s0 Revendications -

1. Procédé pour produire des codes de condition en virgule flottante résuitant d'opérations arithmétiques
ou de transfert comprenant.les étapes qui consistent  :

générer un premier jeu de codes de condition indiquant un premier jeu sélectionné de caractéristiques =~

55 de données d'un opérande en virgule flottante, le premier jeu de codes de condltuon compronant:
un Zéro (Z) si l'opérande est un zéro en virgule flottante;
un état Négatif (N) si l'opérande est négatif; -

_set of data fiaabamb Bbihtobérat, @b 1kadsét of bonalkin @dedombrishger and, the third set .'.
of condi ti onheaghs toPErandEIIYE_FLAe); si gn of the operand (SIGN FLAG) the S

Non un Nombre {NaN) si l'operande n'est pas un nombre en virgule flottante; et

. mmmmmwl




|

! | -ogi cal I y: conbr ni ng the thi rd set of condi'ti on codes to produce said first
set of condition codes. 35 4. A neprw iesadosdtt a processor for perform ng
arithmetic and nove operations 6n'a plurality of data in floating point
format, conprising nmeans for pr oduci ng condition codes representing the
dat a type of I'infink (B si)lopéreste est infipirentvingwle floland®s ehrove oper ation, including zero,
negative, notaragtrRdmeelstapg gy qonsistnd combinay logigusmant ke premiay jay e sedes sle feandition pour .
conbi ni ng t H¥odkiEhEN ﬁ“&?f“%@%lé%chﬁsﬁ?%%@ CERPEIEL i ve results including -
Equal (EQ ifoatEQ) sifopérandepst 8gal 4289ual to zero, Greater than (GT) if the
data is? greaﬁ‘@?’@’rﬁ@?@r’@é’q{‘@%gﬂﬁmﬁﬂ(E‘F?m'rf the data is less than zero,
Unor der ed ( Ufprigur2 { es'H%ﬁ‘f‘é‘"‘i’ esoshigtérieyr p 8@t ng poi nt number. 45 5. A

nurrer i cal d:ﬂ 5‘?‘15‘8 g@‘b?"%@@?"?ﬂp?sd‘“ﬂ?"‘e{%ﬂ"rﬂ@wm n the means for

conbi ni- ng n Furt her | nc mea s for recer Vi ng

condi t | on g?%??g: '%fﬁ%?‘@ﬁ@?’é if° Prr ‘oroduces _an

af firmidi ve d l 4§ 0858 % ?’éﬁﬂo’f cﬁ"’l%‘-:F ﬁf"ﬁé’t'ﬁ"cﬁ’ﬁe"f'e de
Proc~dd. pourp ;S‘#S‘&ﬁ?’rg%‘es codl es de .condition en virgule flottante

;ﬁful:;ﬁglt s? A:P 456 %{ubl&om”w&g Yevanditatio %&%@gﬂ g'gtﬁn% ‘ze"?%ﬁts'stﬁgsoé Lfté‘%lt?eeﬁ n". |
prem eg; j eu gatl [‘r't % dQ‘%E n de ﬁe bl échelégractéristl-
opdr ande en q}fésr gy f [Eﬁ) @ GW W'Bufaer ﬂdﬂgMe.a g% dd"condition

conprenant : p rande ‘est un zAro en virgule ottan e un

6t at NNgatIieg,d}{),dgr-odé,aﬁ&jsm&mgﬁt n~gatif; :‘Non un Nonbre (NaN) si rlop
ande nW\st RAst délbafe-bitidF Skplits Ué laGhdniss bi® dpdrahdy (NSlouTy; EP 0168
406 Blzl ' | nid ddinbinhisondbgidud @YY i TéAseiblo dod bits\de Ridtion! cregwnamééemetraﬁsr@de @_ouTy -
cardct eriseegpar I'tape qui congiste a conbi ner |ogi quenent «-€:prem: ef-j O~
de codes deumindléaibroMAREXR).si r'equsamdruu'b;ﬁranae 6t dyal Rr@valsatimalimalodeewidtiice +1iet. o
condi tion canprenant .Egal (EQussi |'op6rande est egal a zero; 5.
Sup rieur acdnibiner biqlenmape a:olsiémejeu de epdixside eonditioa poun prouulrfaesdt@tamia jqul_dﬁ)codas

' oper@&nde. desecmulﬁdmrr eur & z6rg; et Non Ordonnd (UN) si |'opérande nbst pas
un nonbre en virgul e ‘flottante: 2. Procede selon |a revendicatlon'1, IRt
conpr enardt  Brocasedur do Agnégscundiiquespasi sxseuter. des ppérations, aritinéeyes lebderizanslets sy anr_J
-de codes deensemblé dp sianngesudang @pmrmp*eemvlwnled'eﬂjsmgqrmmnsntdmunpyemermroeui@edes L
predicats cendas de epditipnsrepgsentantye dxpe decoppfies diun &suia dunarppdstioneaithmétique ou de B
revendPcat i ¥ansten, inojuant érgta npell 'ER‘E'I“'"I""'[“E’}Se‘at T"- ‘@Eﬁ‘i@f‘sftpé’ a génerer | e 7 '

“premer Jou“’U@%ead@S“'ﬂé)PEQSr?GE“P'F"B'Hesc iR d‘i?d'?ﬁé'm pa?ﬂfst 6
generer un 'f‘? n 8 (s fignnegp R tﬁ%'eéé ‘i°t§ "‘*l“hﬁ ghies dopndes e L. -
~adl ect i onnr® AEOJAPIRUE B (T3 les geregesofz‘?"h' fRueRs SeRen % é“’ NGB 1o ¢ °@cﬁ°§ (L
rottante jot Qafﬁ?g?%eq‘r’é'ﬁ" MRBRes de condition conprenant .. Ie si gne de

| SDErEnge { el Bl @a&rp,sves &Jnsr.;oy | ueaﬁiﬁo T tq%?@.ts
do fract Onco au nﬁals”%{‘ ang?earéi@e % filfiouda iy

a?rfrin oude . .

( EXP) Sip, ran e est egal " ala vareur XI'mal e de i
6r gpce e etI conbr ner Iogrquement |l e troisienme Jeu de codes de T

condrtron pour produr re Iedrt prem er jeu de codes :

Anspriiche

1. verfahren zur Erzeugung von Gleitkomma-Bedingungscodes, die aus wgendwelchen arithmetischan S
45 Operationen oder Ubertragungsoperatlonen resultieren, mit den Verfahrensschritten: : Tt e

Erzeugen eines ersten Satzes von Bedingungscodes, die einen ersten ausgewdhiten Satz von Daten-
charakteristiken eines Gleltkommaoperanden anzeigen, wobsei der erste Safz von, Bedlngungscodes
umfagt: f '

50
Null (Z), wenn. der Operand eme Glertkomma-Null ist;
NEGATIV {N), wenn der Operand negativ ist;
55- KEINE ZAHL (NaN), wenn der Operand keine Gleitkommazahl ist; und

UNENDLICH (1), wenn der Operand ein Gleitkomma-Unendlich rst und

* O R
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_ 25 de condition. 4 Processeur "de ‘donnees nundri ques. pour executer des
_opdratlons arithndtiques et de traq@jg F aqgﬁgn ensenbl e de donnees dans un
:format en virgule flottante, conprén ﬁ yen pour produire des codes
de condition representant |l e type de donnees d'un resultat d' une operation

arithmti que gBMénit8ehnet &ch dentVeRBRdrasdhitt HdtAbgiaidn KofibatioR 08t oA Bkizds voﬁ@gdlhm

nonbr e, gﬁdg‘aéodeé? fth RMmbeEweR6h S voH BeliRYRGEcodes ewa&@mwm% ner
codes de con ition afl n de produire des rdsultats conparatifse.. i ncI uant

Egal (EQ si GLESHEEWWE derSOstane giakk SlulBisz Ar 0, Supdri eur & (GT) si les

donneesssont superieures a zero, I.nfWieur a (LI) si Ies donnees sont

i nferieures GRABERALINGT), @erthodon Spdrivil)orser dleNulldginnees ne sont pas .un noni bre

~en virgule flottante. .36. .. 5. Processeur de
donnees nuneKLE]NE%A@(L@hwbmdeeolmrai\d(klahem Myll iskans | oquel le m)yen (Figure

4) pour conbiner |es codes de dondi tion conprend en outre un noyen (12)

pour re@evoi ¥nddes si gnaux condi.tionnels, et dans | equel . |eirnoyen do
conbi nal son roduit un r~sultati comparatif affirmatif ou de J.>
negabon. GEPRONETLUN), wensrderBpasand kelpe @lebkeignaral! iston

Geit korrma Bedi ngungscodes di ¢ aus irgendwel chon aritl nettschen 4S

Oper at i onén Bfoferiaisen napinfspysh hartdemgraleron ¥erfshrepsspi: nit den

Ver f ahr’lBnss CK‘?’Y"T'FE'h despzwe o8:jvon: Bedingunasepdes, upeing erler PSBIPR A%, @"é‘i’o‘@%@"‘ "GT‘ e
ei nen ersten® g@aﬂ'ﬁ?aswu PSSR Daten- charakteristiken el nes -

ant Létk"g”gmf agez,%-‘ ag%ég;h 3% 9” o B oo B éefge“ﬁ{%é%de%svm

nn der Oper NE ZAHL (NaN) wenn der O perand

ke i elt %Fi nugaqz :ﬁ%esw% (aev?é
A?OSBEKSSI(rEeIn "ﬁ'urtf:;'?sgﬁ %%nssc Pénfs i?j‘%ﬂsc mB r%‘ﬁ atlon

des ersten Satzes von Bedi n- gungscodes um ei nen zweiten Satz von

Bedi ng'éé‘gscclﬂ@%&éich%ﬁéé‘sl&ﬁ&ndé?ﬂéleﬂmﬁﬁé 3LEICH (EQ, wenn der Cperand
gleich Null let GROBER ALS (GT), wenhn er QOperand grdBer al's Null ist;

KLEI NER ALS dab &iplizitéRiaRzzatRbilbiPass g&ﬁﬁkkrlz%ﬁb@rdeabﬁer&w (N_SuT);10 -und
- UNGEORDNET (UN), wenn der: Operand kei ne d eitkomuazahfl ist. 2. Das

“Ver f ahr en nafab 104i86HBIODER vdn alléh vorRmMaRTské&T @8 Sigafikaniweressdes pbradded (C_ OUT); und
Ver wenden des zweiten Satzes von Bedi ngungscodes, um ei ne oder nehrere aus -

“el ner Visizaltle AngabeBRAXEXR)N garmiidss Egeonert Lieh @parandan tglsich d3m Madmaker Zuathulrbzwach

_Anspruch 1 ddehtigungsviaet1 iskeendSchrtt der Erzeugung des ersten Satzes von
Bedi ngungscodes di e Verfahrensschritte enthalt: xJ 20 Erzeugen eines
dritten Sat ZagischesrKoBbidiereg degydiitenl Saizesdor Bedlnwmszwes.wrﬂeawsgpe\ﬁghlvoreﬂe@aurmSVon
Dat encpfar aktcedasst pizeygenies G- eltkommoperanden anzei gen, wobel der dritte

g -'-Satz von Bedi ngungscodes
. Ein numerischer Datenprozessor zur Ausflihrung von Arithmetik- und Ubertragungsoperatuonen bei

_' \../ siner Vielzahl von Daten im Gleitkommaformat, mit:

40 siner Einrichtung zur Erzeugung von Bedingungscodes, die. den Datentyp eines Ergebnisses einer
arithmetischen Operation oder einer Ubertragungsoperation représentieren, und NULL, NEQATIV,
KEINE ZAHL und UNENDLICH
enthalten, gekennzeichnet durch

45 eine Einrichtung zum Kombmleren der Bedingungskods, um Vergleichsergebnisse zu erzeugen, welche
enthalten:

GLEICH (EQ), wenn der Datenwert gleich Null ist,
s0  GROBER ALS (@T), wenn der E;ater;wert groBer als Null ist,
KLEINER ALS (LT), wenn dér i.)_-_a_ltenwert kleiner als Null ist,
UNGEORDNET (UN), wenn 'cl'eé:-.Datenwert keine Gleitkommazahl ist..
6. Ein numerisct;ér Datenprozes;‘l:r nach Anspruch 5, wobei die Einrichfung zum Kombinieren der '

Bedingungscodes weiterhin eine Einrichtung zum Empfangen von Bedingungssignalen enthélt, und
worin die Einrichtung zum Kombinieren ein bejahendes oder nicht verneinendes. Vergleichsergebnis
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‘unfalt: 25 das Vorzei chen ides Operanden (S| GN_ FLAG; das explizite™ '
‘Ganzzahiteil bit des Slgnfflkaanegpgqsgqg g gper anden (NQUT); das |ogische -
CDER von al |l en.ven den Manti'ssen des Signifikanzwertes des Qperanden
(CECUT) und 30 ei ne Angabe {MAXEXP), wenn der Exponent des Operanden
gl ei ch dernleér%gtl mal en Zuschul-B-- bzw. Berichtigungswert + 1 let; und

0 n

| ogi sches ieren des dritten Satzes von Bedi ngungscodes, unlden ersten
Sat z von Bedi ngungs- 35 codes zu erzeugen. 4. Ein numnerischer

Dat enpr ozessor zur AusfUhrung von Arithnetlk- und Cbertragungsoperatlonen
bet el her Vieizahl von Daten i'm deitkommafornmat, mt- 40 ~..elner

"Ei nrichtung zur Erzeugung von Bedi ngungscodes, die den .Datentyp eines
Er gebnl sses einer arithmetischen Operation oder einer Qober t r agungsoper ation
reprfsentieren,” und -NULL, NEGATIV, KEINE ZAHL und UNENDLI CH enthal ten, -

gekennzel chnet durch 45 eipe Einrichtung zum Konbi ni-eren der
Bedi nggingskods, um Ver gl ei chser gebni sse zu erzeugen, wel che enthalten:
GLEICH (EQ, wenn der Datenwerf gleich Null ist, 50 .- GROAER ALS (GI),

wenn der Datenwert grofler als:Null ist, KLEINER ALS (LT), wenn der
Catenwert kleiner als Null ist; UNGECRDNET (UN), wenn der Datenwert .keine.
d ei t kommazahl ist. S. Ein nunerlscher Dat enpr ozessor nach Anspruch 5,
wobel i e Ei nrichtung zurn Konblnleren der Bedi ngungscodes. wei t.erhi-n eine-
Ei nri chtung zum Enpfangen von BedlngungSS|gnaIen enthflt, und worin die

Ei nri chtung zum KoMi ni eren ‘ein bej ahendes oder nicht vernelnendes .
Ver gl ei chsergebnis 1 4 111111151111 11111 11 11 1111 * C- L m4.  EPO.. ..
168 406 B . erzeugt 16 YJ 20 26 30 ... s 35 R
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