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INTRODUCTION

Thos mamiel desenbes the BEELL-E Bxteadsd Lustoocticn Set (IS aond KETTU Dl dog Tosipacsion Sec (0180
Ciptions to Mz KO L-A Programmed Dot Procossor for the PLHL140 Syslean, Tl b oplicns ore eseribed
une sl becawse of theic nteréependoney. et BEL1-L et e nsLlal withonn the KR1T-R et lirsl
anslalled. The purpose of this mooaws] is to;

l. Provids on overill voderstandion ob e Funclions of Geae aptionz e 2 POS-1_ 040 drarem

Explaio how the KL -Lsaned KED 127 cen beosed 5050 Lwane apeiatiog sesters.

ba

3. Desyzibe the oplicns in selficiesl dslaii e enable maivicrancs:  personnel o porionn on-ite
||;|_||||:-I|;':1hl|-':|'i'|3.: anil TafLLr.

v this smamezl zach chaptzr s split o seo wi<i she 320 hall wt the chaples presect e Gaforealivn eonzesning tha
KRII-E Option and the secend bult being desoled o connpemble inlaonation Too the KET-F Qption, Thus
ormuiz:ion i inleaded o Fcililae preale sise oo by tioes cugwemer: wha utilizs orly the BIS kacdvars, Mots
that dug to by depeodersy of FIS basdware usche netazoan o E15 hardwsee. i spit is oot used i Choptar 4.

Chaplet 1 prowides ao inlrdwlion Ly “he aptiosg 202 s bief specifications. Chaptor 2 eopains programmion
tormiben, Gsine anstcactions 2ol Mssbating thale foneess, Chapeer 3 ogives o distossion of the theerslival
principles ienpleviened by e opticos. Chapoer 4 comgriaze a block dizgran Clseas<ion, o dow cliiperanzn disessioe,
and sdetailal desriptizog o0 the logle fanetione, Ceateat and avsusdzation of s choplies o Bl caibe hhock
eliemnzatics contzimed iz oseparare Eacinecving Deswing: welume Chapier 3 oweleresce tbe foslallalion and
msintenaree pocedwes provideg in the SO0 Nevreng Mapgtercece Howeal Speciiic procedures as gisven Tor
ravrdiliegtnna ezemany to the pracesaoe:, aod Foz usz of the Mirmiensnee ol Qeeday Tu: Uean: options.

Diebritel lesgrpiinns al moeesior, eoagols. Unibrs, and memorny lopk: thit dnfeiee wilk these oplis are provided
in Lk Tullos g related doswine i
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CHAPTER 1
GENERAL DESCRIPTION

This ehaprer coataans g zeacoal descripiion of Boohy the KL 1-Loand BUL1-1 Cplions, Mechanizl desodplion. s
sivan begrtia oanth creonscring spoeitications Jor osach o ootica, The chepior D odivivml dp hedt wilk k2 DN
infon ata peesznted Siea, Folloese &2y comparabde nlizrmesooo tos the T landsaze,

1.1 KELi-E EXTEMDED INSTEUCTLION SET

Thz KEII-E Exteaded Instruction 327 s @ Rendwurs opiion o e bosde THPTTS0 Connpualee Systenn, T 45 suppcied
a3 & lugaa'ne aption o s KD 1-A Ceolol Soevessar,

1.1.1 Paposc

Th: KELL-E Oprion cxpuads tha istroction se: o D K078 Ceutrgl Provessor tocpoowide gateedsd waoicdiliore
of fixad-poiat aumbers, Whea imstzlad, fooacds b gapebiive of ASilhmecs SFinG Avtbeoelic Shelt Corbicaud,
Multizoy, and Divide, Wish these additon.] Dsresdons, the sesserms cm coaleply and divds sigoed Ta-hin vormbers,
and ann kit sicrad 1840 or 32-B0 nomiberns Comdilion codes smoaet o the poocsssor om e reslil ol aach
sTmction.,

1.1.2 l'_'rlnﬁg;llmlimb

The EL11.U Qplicr consiss ol nne tebicle, Tha single-be 220 5102 in, 37233 moculs plags diveacly into alar 2
[A=I] o the poevbsasy syslerm urf L Lhis s dedice el pezwived slot soeh ther o ocher mod ez aezd be aenred 10
sy it e ak-ion, When i gl s, e vesdele Dooelicog a8 a9 exezngen of the basie BT -4 data paths,
bryrel suntml, senl somie: BOM. e theroe o7 the processnn 5 ot degraded by use of thiz modaiz, aor is the
PR ey o Tacled waiian ils s ons aee Biag eeecutad. Totcrnagts ae sorviced 2t the ead of cacli instoaction
i Lhe siedact nanna,

1.1.2 aperificncions

Specificarons for the KL -L Oplicn arz giveo o Latls -1,

lalile L-1
KEYI-E {EIR) Spsecifleatis

Mithrietie Shift (ASELD

Maithoaztie ShoAF Combinad TASLIC
Fuliply (ML)

Ldiwicle [THTS")

Irpstousiinirs.

Liperulicmns | Wl icatioa and divigiar of gsisped [6-bit rumbas
I Avithmetle shifting of staned J0-tot o 22-bit awmEcrs
I-1



Tahle 1-1 {Cont)
¥Z!1-E {E13} Speaifications

Addecszable Reaiates Wane in opline. Jpennsds fetclicd from 2occ 30 processar gene ral sogislors
“liming Tine = 53R Time + B[¥ Tiow
SR Made ERC Time
{l U2k p
! .76 pos
z [9R s
3 1.74 =
! 4 M55 us
3 L.T4 us
& 1.74 pm
7 24 s
TR EF Tiine Mules
kUL REE g -
Dy 11.30 s
ABLL{right} _ 258 ps HILHD esshitt
ABIT{Lft) LR s T30 e ishir
ASHC {ao ehifit) T8 s
ASHC {zhlft) 1.3 s (M) prsshif
Hiw . . Single Hex vaoslule (MITELE)
Powrer Feguired +4%, 23A

1.2 RELL-F FLOATING INSTRUCTTON SET

The KL11-F Floatig Iazeection 3el is = bardwars opiion w the bigc FOP-11740 Compota Sysiem. TLis sepplivd
as a plugzable opcion o the KT 1A Ceninnl Procsur ansl migquices that the KEL LE dezeribed alrove he insialied ns
4 pPIorCgussce. :

1.2.] Purposc

lhe ®U1L-LY Ploating Instruccion 5o (FIS) enables direct opertiens oo sioels-presigion 32kt woads in
lating=point afthmoetie, Sinee the KE11-E i o preroguisioe 1o the KE-F, exlenled mooipulation of fized-point
mambers is available oy well, The KELLE Gpdon forther extends the PTT-1130 ins lruchon s to incleds Flosting
Adil, Fleofioe dchirict, Flostioe Muloply, and Flosting Tislde. As with the KR11-L, vondition sodes io the
Prosesios Slalus Megisier woe el oo the cesult of cach instruction. The eme advanisge of this oprion i increasad
speed willoul e pseessiiy of wriling cumplex floating-point sofimara 1o atine.

1.2.2 Contiguratien

Tha KE-F {hption anamigis of ons sinpleaquind % 8-102 in, M723) moduls oth the KEL-F Opion descibad aboes
helug a perequazile. This FIR reedule plugs direeny joto dot 11A-D) elao & dedlcared preswdrad slon i e basic
ET-A Mo degradation of progessor liming or NPR lateney is effeered by the wse of this optien. loating
wistrerions are abncted ifa B requesl & igued before the nstroction s withia appoosimziely B g of comols Hoo,
at which lime the Progiam Counter (PO I adjusted to poirc to the aborted Moativg iostruction so thol e
inslruction will by mesberled vpon ceturn foom e terrupt.



1.2.3 Specificulions

SpaciBvations G- the W ETF Optioer 2z paen 1 Tabls 1-2.

Tuble 1-3
EELL-F {FL5) Spovilientions
[ .
[-crequigila ELTi-L Larerdad bsorue o Sel dplion
Inar mcticns Lswning-peint Achliliva (1FA1TN
Feaniizpainl Subcrcticn (F5ERE]
Firsiling-pralar ¥Liophy CEHUL)
Floating-1zaiat Tieedz | DU
Oper. Lieis Girg le-p-cesion flonting-aoiot addition, subtoss’ on, cnulliphivitimae,
cnd divlsion af 24-bI: ouoher:
Arhleasiie Tegisies MRz i optioa. {porands Jetcacl from sume.
Sire Sicle-qued modele (M 7T239)
T Teitivad 2%, 1.LA Covpicalk
Ti-ring, Timz = Basic Time - ooes o alienmnenil Tiees + ol zatican Tone
lsty TG By Poijot Mornralizscion Tine
Tivoe ¥ 1y Aligiment Tl Per Shiflt 15
Per Shitt ua
Al I4.rA .3 h5
i A 01,300 .34
ML 0 034
ARG 14,27 0.3

“Eral: learmezan fimes Tar FATT and TSUTD csuos expeamns as w2l o -Gies oy aee.
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CHAPTER 2
PROGRAMMING

1 hj« .;_;I;,;|-|;.|_,-gr s desned o g—:nn:,rnl_ pp;_'-g[.;'_:r,nfﬂ_g -fuAralivn fo e KE!]-E and XKLLL-F L-rp‘ti.-:i.l'.E. u :_.‘-]'I.'l'r;.:]i!".-
peraral desceriptions ol Cwir aperation. e fome b= ol e lredions M each. Tir addition, progranuning exsmples o
supplivd o il aption, This chaprer is imeensdal merely s an iomodacton to the progrunnniag e this lorpwize.
Fur mo-e derail=d joformation wefer o ke peclivenl solmea: doeonentacon zzacoated foc ese upluns. As il
Chapeer Lyinfermation has been seporatad et each oelica,

1§ EKEIL-E EXTENDED INSTRUCTIDN SET

Thare arz po addzesable v lem in s KR -E Optian, ELS opermds ane Felched fnoe ther 2ore wieini F G fiam
the penare] provessus sevis =, The eaoll of zach opeeaion i stooed o the peneml egisies.

211 OQpegniion

¥azn the Aritheoslic Shil {ASH} irstrocnor is vsed, e contzits of the seleztod egister 3 shoMed ight o loft the
munber of plaves specifed by o coaat” Thia ghits count is o &', 2% aornplenen. vuncka which is e Cras
nanificaat 6 bits of the sounee opeand. T the count ia positive, ke vomber is shifed lerL; if i is negarore. the
mumber & shifted mighi. Ties allowes Tor ghelts Neem 21 poditions Jeft 1o 32 posilime aighl (431t -52) althoush 2
elict of zoconcT thon 18 pleces hses ol sigmilicznee. A covnn of O giuees o chimgs i the ndnber.

Then the Acimelic $hill Cionbeoel [ASHC ) icstroction & naed, the surtlen's of Lhe reisre: [Rp and e regeter
DFRed wrich 1 ERV1] are el ag 2 sicgle 3200 word. Register RV represenis bits (15:00), spister B soprosents
hils (211467, This 5101 word is ahid* =0 righ, o= 201 e nwnbe - of placee specibfied by o coen, This shill zounl is e
carte ag thut descrined for the ASH Talraction wrd parmits saifts from 31 10 =32, 1 e se'eelal regisier (R1 0z an
cdd munber, taen Boand BWYD are lhe samne. T this case, the ighs shift boromas o colee and the 15000 weid 2
retatzd right the number of Bits specifivd fre Ui ciunl B op o L5 ghitra.

Whea the MULzdnoy (MULY fmscecbivn ii sed. the contenee of the DescZootion Bepis b anid Lhe soalcs ans
nuiltiplizd m 2% complemner innspers, The vt 2 stoned In the Des inetion Regisier 12 aml e egisie: ORed with:
1 TR b Lo oe ponietdr is odd, omly (ke lowedes uedues is staeed, This insteoctior wwd i plies Tull H-kiz vamibers.

When the LHYide (1% inslrnziinn is us=d, a 32-hit dividerd 1o Band BV iy ieidad by o 18- diviaoe wo gorde
¢ Yéchin guntient wmd o d6-hit rewander. The sign of the rerwioder i= uleyys G e @ the sign of the dovideod
pmlesis thie cemnziode i 0 Core oy s iadieered i mwooe there LA bl ane recuired oo 2xareea the quoeiznt. Lo dhis
simer, The inalrocling iz abored. IF the combent of Tk Sowrcs Regizie i 7, indicacing divide b 0, a2 oventiow i
i-nlicared.

21.2 Formzt:

CThe number tormats Lot the KET1E Oplicn ez sheam D Figeee 221 A& <dniee wonl is 16-bers long 2ed 2 devble

word iz 32-its Lane, I U sisale o, hil 13 s the sie v of $he member; ansd dnthe dealele word, the gign bz iz it
LE af the ligh nurber pock Phe % Bl 6 Dor acaitive quatities apd is 1 for negalive aunslilies.



M 5NGL D WDFD SIEN HI

[
H
— JOUD_EC W3R SISH 0T R o
F
la HRISRERORT raf T | -0W OFEF0KD FART
teota Tk o
[[r

-F"Igur: 21 LIS Member Fponals

2.1.3  Ipsirctloag

he 13 instenction Farmat js shown m Figee 222, Tt la a doubd operaod instreg un i which bics 012020 compise
the Op ok, Sis (TR00) desimate the Deslinaton Regater fizld (RERY bits (05:4053] iwbivale the Snurce Addicss
Mede (S, aned Lirs {02:00) speelfy the Suure Address Reglstor (588, The octal vesling % in the N DPXRIE.
Therz ace fourc B ivstrsticns, as follows:

WL CrTORSS
HULtinky
Opcration: R, RV +~ R X(SELC)
Coodition Todes: W sst i produet is < U cleired otheswiss,
T TF aotIF produed is = 1 eleaned crhenwlge.
Wooo Slearcd
C: 0 sct i The zest dx leis i -2% oy i grouter then of vquel o 2 %-15 cleimed
Coicradse. '
.Dﬁmipﬂun: The contants af the Destinetion Ramstar Boand soocoe laken s 2 complemmen| inlaper-
sre omtltiplied and stoved in che Degticution Bawzier W oaod e sueeeslFop pogister 1501
{ilf B iz evea). 10 R IR oadd. only the low-ardzr procuct i stooed, Asvombler svatix ise
MIT. &, K. (Kot hat che acsuel deatioution s B, BV which teduces [ojust 1 when B
ol
Example: HA-bit product (R 15 udd)
24 | . L Clenr carey worlilivar code
{17530, 400 . MOV 2400, 1Y
DinI2T, 10 T BLIL <100, 11
T153%% . BOE FRRADE JCaroy will betse if

product s less Than
=3 S or arealeT Thaon nir
el to A E

L iemifirge Tl

DBefore O After
(21 =000 (K1 T=U000)



1Y N7 Imss

TV ide

Operadion:

Comadh e Ul

Theszfi prio

Exarple:

Akl DTS

Arithruete SRt

15 a & qon a
||:||| : ||a-::-:h|F:F'HEEE'5|'5"-!i
1 i ! 1 1 1 1 1

i, ’ ] P 1 -
DF SNk 1 | SCURFCE
| TR o TR O O W

| . = ZCUACE WSDE FICED &

CLGTIMM LI
FEEIZTCAMID_ I

I L=

*Mote Lhat Tor the EFS ietroctens e Sowrce Romsber i
vionsidered the Deatinabon sinee fhe answer is stored in that
reglster. The Destination Made and Bemister Feeld  we
considercd to B the source. This 12 oot conaistent with ollec

PTP-11 family iestreetion Mormacs ot i oed thooohoest the
ghsc wasicng of the E16 msimc: ieme in % nesnonl.

Figwrz 2-2 LS losiroe o Fririnat

B+ 1L B+ (8R4 W1« Rennzind

Moo sonif guodienl < 0; cleared orlicowise.

Z: o, i gquobient =0y deared athereise,

e st if souroe = O ooe il the absaiee wolue of Lhe ragistes is Jacgar tan Lhe 2haoluts
vulua of the suwree. (Tn thiz case, the dsineelion iz aborted bovausy The qaotient
meonld emeeed 16 k) '

C: oot if divdde by O anie ptady Seared othamed=.

The 32hil 2% conmplement inteoer 1% aod B G divided By flix soaren aperand 1H84].
The quetienl is plwsad 2 B the semainder i glacesd o TV wach the same sign of the
dividend, K must be ev.

CaSa00 \ CLIL B
[l 2708, 20001 . Mo 0 TE ]
arLnzy, Y I | "t M L1
Befop Afiar
(W =KHIN (B -0 Cuotient
(T =000 | TR ENKEET Ernmigiodrer

g
prEH]



Crpe-ratiom:

Conditlon Codes:

Deercyiptlon:

Esample;

ASHC (17355

F + B ahifted arithmetizalr N placos o0 ght o 1277, whez NN = tg-crde s 0 hics of
aouee. o .o

B ast i vesult <00 eleared ntharanize,

Z: o set i cesult =00 cleared othe reles.

Voo setiF sign of regizeer changsg duing 1ot shifc: cleared cthe rrizs.
C: leacded froos laze Ier shifted oot of vepiater.

The eontantz o the mgigten 3e ghifted cight oo el the e of hvas spazifad by the
shill ez, Tha shill soa s kea 55 Yoo hewe=dder & %ils ol the sonss l.‘.'-|:-F:n'|1|:f {ESEI'I-
This wirl=r |:|1l;.:|,-:ﬁ'|l'r||'-r| A2 o HT. Magilies 5o |i;.;|'|“. Ahill st RIS L IR
[15pure 230

ALH RN, T3

Boiorr: Aftar
PR3] =CRINIES =00
(Ri-x123a - (1111 230

; D' = 1-[

Fia=T 24177 F COLMNT I35 KWICATIVE

Piguzz 2-3  ASLL Opesaiion

Arxithmefic SHitT Cowmmbined

Chpemitiom;

Comnfition Cidos;

D-:ﬁl.'ﬁpl wm;

2, kvl — R BRWL The docble ward d= shifted BE pluces ta che sight or lefs, whoo NN =
loer-nrder st bits of sovoce,

M spt it cesult <2 0: esoed otheradse,

i urt i result = O clewred odwoadsy

W aetif sizo bit chumggss Juring the leth shict; claurad ocharadse,

0 louded with tha Just bit shittal oue of 1he Tt

'I'he curnens o Lhy :I':ﬁi!-i'l;!'!’ anil L} 1':'.|:|:i\|:1'.' s lowdlh 1 are trasnlad o ope 37-hin el
W fhirs 1200 gl W Chils 31008 ame sbiTLed vighe o tel Ly aemaber of finwes
=\.|:|B-:‘:i|'i|.*.1 |"|_l,- ihe sldl el The slilt ol @ rakan 2= P hew-nrdsr & Bils o the soupnos -
operand. Tha nombes e Noin =32 to +21, Woeative is a0 2ht aldll 2ol posiive s o
left shift (Fiewrz 34 Whacn the register cansen is an odd aumber, the @estar aod the
rzgistzr OFzd onch 1 are the same. Lo this case, the civht shift became: £ rorate. The
18-kt ward g sotzced vicht the romber of bits seevitied by the dhitt covne ey up ta 15
sliifzs.



o [ =[]
1 L 1 1 1 1 1 1 .

FEFT SH-ST IF COUNT IE FOSITIVE
“1-rar

Fiwnrz 0 ASH Operalicn:

1.2 EELL-F FLOATING IKSTRUCTION SET

Thare are no addresanbiz remsters in U KR -F Option, FIS opezinds are fbehed Do core memaey aod tha reslt
of gach operarion is stared in ome Teensny. Operonds vz oodersd oo ihe stack w Polish Korarion (Pavegroph 3.2),
therzby reducing the purmber of operliang necassary te achicrs a rzsull

221 .(Oprcoution

For Fl-::-atug ADD. the A arpuracnt from the slock is »dedd e the 11 ameaoenl Trom e stk with He rasud L stored
i the A sronomenn pozsitica oo the stack,

For logting SUract. the B orgument trom the steck i subimicted trorn the & argument on the stigk with The
reauilt avered in the A sronmeend positicn on [ha suak,

The [luiding MLLtiply iovtruscion maudiplies the A& amgemend om the slack by the T :-EFEILHIL'.'I.'I i Lhe stagk arud
stores the esilt io che A arpuowcol pesitiog on the stigk.

The Ilouting DIVide fwreetion divides the A srgument on the slacle by she B anguesnlun dthe siock smid stores he
osilt do the A smument position oot stack,

223 Formars

The mumbar formar tor the KU11-1 Option e chown in Figeee 2-5, The KE18F worlis 32 hits omg wilth Bt 15 ol
e hivh sroumens desimaliop the sem of e Fraclion, Nete thin the S-bit exponent sepcratas the frzion Gom s
sl sizn. I I_'_|_|:||'i_'|3 poin L, TepTesen bifun al Birary molees 3 i theee pare a slen bot, ar exponeat, and a
rmanitisgil. Toe peanbi- s o Mectinn hﬁplmﬂml in gsign and magaitiede fomat wlth the Binar paic poeiticnod tg thc
lesl ool Lhe rnst sigrdlicans hil of the naeisga, The rmantisss iz sssemcd to be ocmalized. The MEE of the mantisca
i ol accered incoes Beeause it s cedundant. Leadine 95 ooc romeoved by shifting the oootisa ot howsver, cath lefr
hift of the mantl=a musc be follomed by a decrzmont of the cxponont velue. do muintsin the oz valez of the
aamber. The cxpocnt wolus repscots the powsr of 2 by whick the man Fissi is outtiplied b obliin the wilue o e
s, '

I':.?
i



FROZTIZ P-'
SIGH BIT |-l7 IR A Ak il - ~— L% ARCIMZHNT ~———————————

EXF-NERT TR GoTIh - e
|_-| - M P 4] ALE TRA . FRACTIOM (LTW Fa3TI

1% 19 T a . : o

23-31T FRal™ION

BIN g r-:lrn'—-"|Ir ‘ 23 n

ilel I-uwriusd bp liar 2w iz betare ZZEratlip et
gadrarde IF a<panan®* * mld # .0 24rue.

(LR L H

F;ip,uu: 2-% FI§ Bumnber Format

The WELL-E Option slores (e eepuinenl in esoess 200 {128, ) notation. A o oesolt, exporend values ror - 128 Lo
+127 zre reprosenied by the bineee ageeealent ol 0t 255 (octz] 03771 Moofisue are repmeseoied nosigr
magn.cuds forn.

The Tiaary adix paing i to thy efi, Vhe resols ol the Coatisgpeint npcrau-:-ns are ||lm 5 poumdad s Eromm
incieakiing the abacine volee of the namber.

[r-cha l!."{|_'||:|r|'_"l'|_t & oqual to U, ke nernber ds Htaum-*d b 0 r:g.alﬂim of the sigm biL or frindiom aloe, The
hazdwen o generstoe o sl 04 32-bi0 woed ef all 18] 4 thigcase, '

1.2.53 luseructions

The T3 instrecunn femat 35 shown i Figuee 2-6. 1 3y i doobie cpgomal instrction in which the low thiec b
{14, 0, Ay specife 3 rxgister shar is otilived 2 asrack pointes for Jhe Aoer iepoion opersnds. The egiaer nay be any
mie o the gght ganzral ragistors. but some cadon must be weed 30 wsivg the PO IRYL Tt i unlikely that the PC
veoaild =t ol 2imi bl g & it

=4 1oz 3

5111 l:ll":ll:-.:l.:ll_ﬂ.heﬁel

E“" 11 11 ] J R |
e r .

OF Colz S1ACKE

W4 1Eh

[LE L LH

Figurz 24 FLS Inslruerion Leoon

The aperres are linsred o1 Mz atack as folloas;

{R] = High B Arpusizad 5 EXP :uu;.u IEACTHYY |
. ' L5 LE: b L
(A2 = Low B ATummr gy '
[BH4 = Llhh A Areuonent TUW FRACTION -
. 15 T

[(Bpre = Luw A Migamert

2-n



The lecting-poinr answers are stored a2 lollows:

fR)+4 =High Answor
(RI46 = Low Aunswc

The floering-poins stack pointer is rapos Goned o point o {3 (High Angwer),
The flosting-paine oetel coding is in the fomm QT30 Thery arg Boar IS instrestions, s Dol

FADD QTE00R:

Floating-ADD
DpaLutiom; €14} A TR +a] ~ [(RI+HCER] -6 = [IR}CCRIF2], M eady 5 2=

else [[E} 43 C1(RY 6] =N
Capdil o Cimdes; M sl resull <0 clezred alherwise, -
(Bee Mode Delow) Ao LA mmuh 20y clenred otherwiss.

' ¥ cleaned

G cleared

Deecripriog: Adds e B-amrarent bo the A arpamenl and slores the wesull dn e A arguement pesilion

oo the stock, A <- At

TEUE Tallk
Ihseliop 51U bmct
Opetailon: [(RB)+4 TR) +0] + [[R) +4 TRy +3] - [[EYL: 11-L| |.-_] it ppsun e 2-REE
clae [(R)+4C {R:I 4} +0
Condilion '._:I:II::ID;HG: M el el 20 clesred otherwiza,
fRee Mol Bedow) i sel i et = 0 clearad otheraige,
Voo oclearad .
C: clearad
Er=ccripticn : Suhbiacets the B agwmenst foos e A& arcument snd soores e sesuls inoche A sogrocns

pogition an tha stack, A+ A-B

FHIIL (FIS0ER

Floating MILiply

{Heration: [(R) +4 _qu 63 = [R) + T ARE 6] = [ LR 42], 50 msult 522 ras,
clee (R4 (Ra+3]-

Condition Codes: Mo men if sesudi <0 lenred ol herwise.

150 Mute Bolow) £ seoif rasule = o clmimal olheraise.

3 clearad
o clemed



Ilte-.l.'ril'rliml:

KNy OTEISI

Floatlng-[HYIde

Chwcratinm:

Conmdjtion Codea:
{See Mote Belaw)

Thercylption:

"'.'|u|ll'|'l|||‘ﬁ the T |;r|-l|]rr||;'r|| b lhe A |_r|ll.|.1|;|;~1|l amel =lores s el in e -'i. T tnieil
sodi Lo oo The <Lk, A 0 AFE M the el is o7 2 REL MR HE urflipg |_1|,...||.'r-. ] fhe
deslivgut b acleress will serlzia The 4 amgLTREn. P

uquutm+ﬂ<—mu+4nim4m;BEJD(m4ﬂ.Hmmk;1=3E
clzz (B +2 O (R +5] .

Wzt reaalt =00 cleared othe s,
£ aetil reanlt =0 clecizd athrredise.
W cheared
o clesred

Dbl “he A aounzane By che B aguoaent and sooess the mselt in cie A aroomzol
pusklon an the srack. IF e B oarmeownt ddivisor) i zquel fe 9, the stack i =N
onteched. A+ AE.IF the resudt ia <0 27493 chen the deslipalion addnes will sl
(TS TR AT T

MNOTE
s teap ocoms us 3 tonctien of o Hoalmp mstenelion, Lbe
cundition cedes ure nEdolempreded as follooes:

A oot if underflow, cleared iE neerflim.

I clearsd
Ve et if undertlaw, sverfloes . divida by 0 {esor
eonditienal.

C: oot if diwide by O, atheradre cleared.

Traps e th.m wile the ectar 244, (R e wset to poiot o
Bilgh 1B argsent o5 the stack. The aroooents uee et
unitraocdiel.

124 Premimming Example

A zomple Jonting-point progrum is wven belosay,

LRS- S R ST L B

caplear

W T B B T e e e e e e e = —

O8EDTY
' TIT.E FLSEAM

SORYSIGHT LwF2 3Y JlGiTAL E3Ul P'T"LHT ED‘IFD-’U. [N,
FAYUARD . HABSAC=LSFTTS
EXA*PLE GF AOP=11/42 F_ga®[ME [RETRUETION SET UF4GE (FIS]
ZTgH=.TE LARSER AggT aof SUADAACTIC EquAtigdl
SeX®¥ + RaX 4+ T a3 %
LLFcR{TRH T31

ABRTZ § tmd = SORTIE#S = JAL&D1)7(2#a]



¥
2F
2]
27
£l
2
25
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27
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g3
iz
K3
23
iq
35

a
fr]

27
13

1

11

12

43

94

15

4§ &y

a7

=9
sd

51
PR
53
S
5B
S5&
5T
5k
5y
G
bl
£

&%
f

(-]

(-3

39

Ly L] ) B
argpay
Arpony
a;dep3
SrofAfq
FA0a
2raRndA
STApAEY

z12Tda
Fap442
716743
sfe@g2ra
TiaTdA
argila
216748
Iagli4
CinTda
SAA] L4
SATETEA
L TLIT
PLET48
Ly |
[l I 1Y
FAJA1LSH
2L6Mds
'LLIRE
pRidET

£ Plelad

gadlad

g BleT4p

aaplap
BTS26
ATEIAA
ATERL4
LEFALE
BizaaT
gagianm

£ @1L23467

pRs12E
BFaseT
preops
Argemy
dzpacdy
A1LRAET
ATeLld
LIS
AzaLiz

Qlatdd
Hzz@tE

cEF Pl1aTde

QIEAE
ALadls
Lrapaz

— e e RL L W e

1H& G,
1 kpRival, SEGIETER
E2 axa
Fl =K1
Rz AKT
Ry =X1
Ry wyd
RE eX5
5= (14,
B =k7

INET14L YALUES OF &, 4, _
PLAZED [N MEGRY LOCATINNE A, B, AND ¢,
RE§JLT [S GOMPUTED a4 STORED AT AOOTY,

F PanGmad STA4A~E HERE

ETERT: 4=y
Elelt
4
MY

u.:',.'

BR
JWPRD
HY

Ha

ICOMPUTE R3ICTL

HOW
How

AR

#aTACH, 5P
E#d.-I5P)
B,={5P]
Bag,-r=PR)
FimiBA)

-

=Laf)
weFd , By=i5P)
LA R R
dy=(5R]

sEERD
B42, -(50]

Cai=[5F)

P

EF

5P

1H&S

18P 1+, TEMPY
{5P )4  TEMPY 4]
ZrIERT

arq

TLMPL

RB, TEH®E

RL, TEHP 22

Be2, =[5
Be=iSP2

¥LIAAA2,mEn

anD G ART

mORYAL TERMEMATEDN [5 A4 SALT A" LoOATIaN Oaye,
1F JISCRIMIMANT [5 HEGATIVE THEN HlLT AT hﬂﬂi‘lﬁﬂ
HiT AT RECAD [F & =& &,

CECLARATIANE

PIrImtaLi2E PRICESIOR STACK

15 TO STAOK
FAGALY

[FARY Aad
FA,6 T8 BTick

Ih TD STagK

JHALT [F & n B,
JE To BTACK

1FQRY ARG

IFORM & sawC

JFQSM BeHed #xe” [N]SCATHIMANTY
JBRAKEH 1F MEGATIVE

{STIAE DIBCRIHIYANY

1GaL, FURTRan S2UamE RegT EOQUTINE

ISTORE RESLLT

i8 TD STals

PHEGATE B N STACK
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B2146

kp14d2
gri4ac

ga158
il cq
fund

PR
fELER

paLTE
pa17a

42200
pizZAz
#1304

pEd0e
BCZle
tBdla
Lpadd
ZREEY
rydid
Sa254
CHE3L

cddqz

glaTda
SApEI2
16794
Fapfag
-1 Rl
1674

kT LT

TlaTdy
BaFaBEE
AleT s
g
Hlz7ag
praeaz
glzdle
ATzR5ce
L7567
aQra2
126467
¢apz 9
dAAzZon
2aATER
gonldn

pazapa
arzape

Arz@pL”

SOHE |
IHAEFI
YEZERT:

O - ~- =
-

TEMFLE
TEMR2;
CONST

RooTii

ITACK:

F4-L

Fafe
HO

“qv

HALT
HauT
HaLT

IEH'HH
B KM
JZLKH
JELKH
LK
(T2

W FLEH
JELOBL
CRLKH
i KM
, EHE

TEHPE+Z smigF}

TEHFPZ, (58]

[

CCHGT42. =43P
TOKSET,=(5P1

A¥Z2aa 3P}

TEILLE

gF
5E

(ER )+, [00T)

SR Y+, RO

QRT
2

A 5" B I Fod Mok N [d S

JEAJARE RQAT TA 5Tals

IFAORY mE+SART
Jd,% Th 3TACK

I4 T2 STACK

[FORY 2,64
IFQR2 tmEa5STI T2, %A}
baeVe RERNLT

FZXTEAMNAL BUGRAUTINE
IRa04 FOR ATAHCN
ESTARY OF SvigK [8 "nP DF AHER



CHAPTER 23
THEORY OF OPERATION

Thin ghapes descaibes KL LT-1and KR -F theary of spermilion wih e F15 prinaiples doseribed fivst, fo koot Ly
thise prinziples epulying 1o che IS handveaie. A coview of e bofo reguisemians for she opsrations i pre-evied as
wel aa the sigocithms for ibnes opemizons. Bach alaed ho's desoriplion 5 e ziven i bisic wezms, flhawed by g
T e piifie toewment of the nperaticn involvec.

11 HEILL-EEXTEMDLL INSVIEUCTION SET

The BFIi-E Qotica is usal Dir Ssed-gaint eperations in e k1311-4 Cantral Proeesser. The principles involead i
Vhese nstactions o ziven i the Tolinedng paragruais,

3.0 Blnary ¥s Complement Mulztlon

The BRI 1-E Optior raquits: @ iwrmica’ natation thai eapresses kath the ghze and 1he meapniiade oleach ronkee o
Farary digita, The simpuest chss of totation T mesls bis ceguiveeent i@ Saszd an the fol owing proparty &
e added to i own necive eqaalz O, Thos, addior the negzr e of 2 number to amother orebee q the saoe 4
sohitracting the mumber. The X complament of o wamber is ceatad by complemending ol increneating the
vrnies, ic., teplocing sk 1 il wat a | oand zagh 1 b, with o N.aei ther adding u L te e resudiand vnbor in the
ksl gignificant pozition, Adding a vombe s and iz nogusiee in 2% cooplament poration. ey pronluces all O (the

L =

nnly represzntation of the quantite N 25 complomeat),

Tt i imwastunl lo eemiernba that the represesscibon ol @ nenmher difters zosily N graznzne represzatad, For

crample: The guentiiy =1 & regmeseraed i D cornplemeat notuter by 102D TUL L 2igh Bitsy, “Lhe ann ity +1
hee a1 2% goenpleanznt wreasinriéon ol QU OHE T

Exumpie 1

Achilive +1 10 -1 wields the Luthoeing:
000G 00l =+1
+1111111 =1
0 QA0 =0 (The e -most {eaene] it s net o spifica biland iz ‘o)

smmple 2

Adding +5 aad -3 vizkls the olliewing:
00 020 131 = +5
+lILLL 1D ==-3
(a0 QoL = 12 ({*any hit nat sieiticoat.)

A dizedvantupz of 27 compl=rent notstion i@ thut he HF'E:'E“tati'-':l of numbers i ol syenmetrizal, Thoi i, 0
A rlﬂﬁ'..ﬁ'l:- nerther 1hie 1-|||.\,:| i aanlber con b G."I.F“'I"“Hl-"l_:- T o hits, the meaimozn mis Lvie mamber thar can be
pxpresed 5 2% 1 bart che muusirnons neeative aumberis -2 Chevinse Wwere is no nemitiva ).

‘el
i
—



302 Bultplicaison

Muitiplicaaion i tepesied additinn, Multiplviog 2 timezs 7 is simply odding 7 ihoes Cirnes | Lowesyez, FRRE TN
nombeer cequizes 2 ¥ adddilinms e KE 1-E uare a shost-cut methot that requice: voly L& epsriniong,

Ir pruetive, the K11k adds vodiples of the maopticand . The muitiples aoe fommed b shillioe, Geeh ymes o hioary
number is shifusd ome ben o the lele, o bz owliiplied by mas thes. it it is shitied 5 plices g the lefs, il 3 mellindial
tr 2% (32 1ne mlipler is hrokea dowr inta indavidoal zim that detzmeoe wideh smadiiples of e rneiplicand
are uddad W dorm e proednc.

Thz maluiplicelion prives. is conenelicawsd 5y T repressotacion of nepative numaers wsed in e PIPT Spaems
Memive 2t compleren. warekag cavro beomaltiplicd by the addicon of mublipl=s anlzs o gomeclioe slep -
eitded ut [he vad, Vo wevid his step, the K81 B aser @ method that provides for oega e numbees ané prodnass the
g Icsiits s [he addivon-olpasl- Teetbed Go posities rombees. This method G besed on a differsnt S own of
£ lzinary pumber iore positive snd nepibee parls. '

In hinary oumbers, 10-1=1. Represeuting e 1 bit of @ bonage aumiber 25 che dittereoce betareen thut biL und bhe
noxt nost sianitizant 247 pooduces s steing oCali@ccnng pogitive and nopative powses of 2,

Far zxample:

LLOI0L] L =1 00003000- LOXRINUACH- LIGUGE- TAROOTEI= 100000 10K
+ 1000~ 100+100-10--10-1
=1 H000I000- 1XHI000-+-1 A0 TO0-F0- - |

Murliprying a muliiplizund by ecch of the vombes in the Taso aring §prescodng the simst ned 1hen addding Lhe
prodness of the muoliiplicitions i epdalert W ondtipying the chosen rulidplicaod by cae odjdoal arber
(11010111% This car be cone by shifiog the oniltipleand left and addicg or subuacting w1 ez ch presiliom
purTespuzids [o vaee ol the wondiers o- the s,

Lhe ~eties i aliermaling pos e and negatine soeorcrs of 2 5 susily geoeraied bechisg:

a  Fach palc of powers of 2, one positive and o snller negzrve, rapresoms a stiang of L, The peeitin
namber & one digit hizher thano the ma-L sigreificens 1 in the sudag, and the nogative nwmper iz o the
sEMe positicon as the et sizoifisinl 1 the <leing,.

Forcaxsrmple. ia che numvaer 110101117
ITS0a0000- L000Ge=1 1D
L{0000-  LO00G=RH T 00D

[ Doog- 1=30001] 1
11010111

. Stiivgs of 12 are separancd by stoimgs of e ochosiring i one oe e dugats lang.
Jut esernple, i e neehz LIOLOLL L
- TCEEEAN- [CRINN=0002%

S Lo [ ER T T ey
1010111



e, Thus. znch sling ol 15 can be ceplaced by e siring of Oz with o -1 dncthe bt sgnilizanl placs, and each
ring of oo be e acod By O with o 41 in the lzast zsignificont pluce.

Ly exsreple. the digies in the reonber 1TO1O1LT raa e pepliged as foloes:

Orimogd diw; | 1 0 i { 1 1
Replacooen.: §] -1 il -1 +1 ] 1] -1

. Thaefors. it faz aoy bil of the madcplier the previeus {les sgnilicant) bit s the same, the roultiplican A
5 not added to e partdnd peodact {or 3 ds muahdplied by 0 asd O @ added to the produect ) 1T ihe
previoua bit is a 1 ao the cinerc hit ia a 0, the ml,lllil'll'il.‘iﬁ'.li it added; it the ]:!'I:'-'.iIJI.I!a- B3l i L and L2
aovrent bit ds L. the multiplicaad ie subtravees) (neraled and zdéed). Lo cuch cuse the onllipizand =
shifted twith respecl ier Uz product) befom the wldilion, heease de oumber acedad Loothe preduet 35
actunlly the multiplizrd meaduplicd by sene power of 2. :

For sxample, to multiply ™ 5y (2010011, the sum of the prodocts of N 4imes vich replacenert diglt,
rinazs 191 approptiate power of 2, @& the poodoci s Falluws: '

WH1LOIO1T T =Nl 27 - | 20+ L 25 - 12T T 1 27 503t - LR EY)

3153 Division

Thvizion is repeated subtoueinn, |Feson is e compiizied Than nacltigl.cation oz two reins:

a. The peoducl of p&n neegers §s alwirys o0 mileger, the quotizat of owo joleer. i el an integer,
Dviziom previoces weea rezults, 3 quotienl wod 2 emainder, ther dpteral. The coweer quodient 3:
dependant on a correct cemuinder.

b, The masdmm salue thel reselts hem the poltiplicalicon o tws nombees czn be oo Jorger Ve the
sores of the muxdmum soosbes . Hooever, the mecdmumm wilue that 2an reaolt from o fdvision is infiniLz,
becanse Tz diviser cap be wech smallze tharn the dividend, Somea quanaoe czopat be expres-ed inthe
mamber of Bits cvnilable in the selpaical re presentoion und are congideed tohur caerflowend.

The ueticrr ia 3 dission is 1he monher of rinea that the divisor cime be sathtazeted toora the divid sl wiLlwnad going
beyond O {chanping . sin). The resoll @i he determined by oonling sobtractions urtil the rezmaimiler el go
heyrnd O (which produces & cordilion s:lled ondeedlow], then meduging the coune by ooe, The remaindar nust alzo
T covrzeted by restoding e value of one suboraction,

Rather than do ws mony s 279 anbiractions, the KL1T-Rowses a dhat-cut methol sl 2o that wzed in
mtitiglication, Tl results ol dividing by mwliiples of the divian, whers cach meliple is o powar ni 2 timea the
divizor, 2on be combinsd o Moo the quotiznt. :

This darision procedire opetities by subuiacting a larpe ooliple (2 Ly nl e divizor crom the (lvicand. TF the
remsiader doos not 20 boyund O (here i oo wededlews), the rexl saller powsr-of-d meliipls of the divisor iz
subhiaceed. For sach muconsti suburachivn, the quoticnn is Tocreised by the same moalriple (the some poewer of 2} az
L srdeipls of the divisor usad in Lhe subliastion,

I sihrraction causea undactlow, howaver, tha sorceponding quotisnt hit iz Sleared (the cornespornling power af 2
# wit added 2o the queoticarl, Liwews , tlier than restocoe the presione valae of the dividend, the KET-F now
apprueches the eortzet rerwinder From the cpposice dirceron. Sucsess eely soaller mulriples ol the v orare added
L Lhe remainder (instcad of subicarting) wied tha reaeinder wgain andeellows, T resoming the prisinal sigi. When
the FEI 1-E is pdding, instred of subiracting, the aocrcepooding quoiienl Tl aie 2z only it the sne ool The reindinder
retirag ta e original vaue: if the remiainder does aot chamngs sign, the quobeat bic s set to O

i3
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Tar cxample, dividiag 17 (21 by & yields o quotienr of 3 20d 5 rernandee of 2 aa foliowa:

1.

A

Srbican] divieor A 27 front the dddand.

NG = 21

i Gl G0 =-5 3 2% — -Gl

P LD DL {The puclial remeirnder bos e weon g sivn, aodaelless oeenrzd.
Add 5 27 to the quoticn! = &,
Add dirieer ¥ 2% e the parlisl reos ingdar,

1rloraol

Aol Log =5 K 1 =2,

L1 122107 §Lfhe pondad rernatoder bas the wrong sz, no waderfloor.)
Add DX 27 to the quoticat =10,
Add divisen ® 21 to the partisl remainday,

il

MO0 O1G=153% 3" =13,

Nk OO 1L {The sacial enwioder kes e gght <Sang gterfon acmamrad.]
A1 27 e e quotizat = 2.
Sublraed divsos X 27 Trom the partial remaindee.

L e 111

LLIIL L ==5% 2% =-3 .

GO OO D (The rowsinder has dwe might <proardis 2, o0 eederflns)

Add D H 2" 1o the quoticrt = 3,

This peocedure i3 walic tor positive or newidive nuolars, proevitded that rhe doeridend and dbesen have the zame sien.
However, IT the sigr: ore origoaly ditferenl, subloctiog veadtiplas 0 the divizes dives the remainder swey From 0.
Theralarz, The KELL-L udds multipbe: of e <iviser orcil the ermarde s undzfleoes (a2 which point, a queticne bir is
2t and chon subizacts uot: The enwindder reeaics it arlginal zign.

MOTE. .
in he KEYT-E, if the dividend & negative, e 2c cemphoinent
14 [iben. hefore cdislding. Adding the 2%s eompicment ia the
suroe us sl frgcting. - .

Thiz procedure can limdls any conilvation of hinzrr vombers, somrdless of sizo. Implezoenti o of e prcsor
is simpliticd by 1k Fuldowimg comgideatons:

a.

if 1he sizos of ihe divisin 3ad The dividend are ovdripady the same, the KL L-L svberact: undl thay ditter
(Boruusy the oo ol the rene s des charges}, then odds vl dhey e the samoe, LE che sivr: aoe onigina Uy
gitfzrent, e KLE11-Lnlds aniil thay we the same, then subteass wneil oy difter,



k. . Tharetorc. tor rach operation, the KEL-E comperes the +eng ol the reniada end divizor, IE they
- differ. the KELLE wbfy the divlsor, snitted to fuimm dhe proper elliple {jgowen o 2 cmes the diviao) ;3
flae sipas are che samey, Lhe ERLL-E subrracts,

n. A quotient bit is el i e gsignoof B ceenainder cemnaing the same after a sehrracticn ar changzs after un
addition; the questienl ha is cleared i the sjpo chinges aften 3 subtraction or remain: the same uter un
iddizion,

d. A subizaelicn is doce i the signe of 1he pemaisalar and diwisor sre e same, und an addition Sl 37
1he s e dileient. A changed sign ablec o mldition nsans that thi sigos are nuw the sime, wlile -
ceirpe aller a sishoraction also means the sipes are the sane.

B. Thare e, after rach epenition, the correspending Bt of the guulienn is s il The sgas e e samc or
clearcd if the sigas ditter,

A.04 B Shift Operation

T the KELL-E, & buyic shift operiion is wsed 25 8 prinwry operadun iv Lhe sequenaze tor oll othar epenitiane. The
iegister Mhar ic beirp shitted & tesisid ag & sequence of bits, cachy gl -epamrely. The follewing desidplion.
itlnserate the featuzes of @ busic shill:

a. T pencral, tae bit al o pariicwar ncation is ceplaved by amofbe bl That is shilted inco that location. No
bit of informiton @ meved rome than one laoation,

h.  Cne bit s shiftzd ool of The reerde and 15 Tast.

=

Chne hit ia varatzd. The vrigieal conenez of thar bit wre shillal o the nexa bit, snd a8 O veplaces the
ocwions Lit if shifting Llett,

Ao The bt Tozc is at the 2od oward which the hit arz'difted, aod the Flwgaled is ar the cnd away Erom
which thi bitg are shitted (bil poslions w2 nombeoce in sseendiog enier Foan il o lefr).

305 Algorithme For XEL]-E Cperlionr

Figurea 3-1 through 34 illusizals e seaence of cporations Lur muiliplicatioe, divizgion. aod shifting, These o
ghares cmphasize the comoepla erganizanon of e dedee -t does eoch galcadatlon, Chapter ¢ relaoc the BC11-L
logie to these algurithms and explans howe the lopic ssoctene medues Lhe Tiardwars and dming requiremsots All
KEL1-E wrilhmestic apersiioms are pecformed in flie §0-bit ALL in the PTP-11/40 Central Procesur EV11-A, 1
ALU g 1w Lhekic iipuls. The B inpur ia aupplied dfor the sake ol the follawing diacussions) by the 3 Repinder. The
Adnput is supplied by asl of e followiop souros::

w, The CFIT gancral regigeers (17, - 00y 0
b, The KRII-Fegiziers BR, DR, and (BR (14.00), TRI15)

The KU11-E alsn supplies o carcy-in signal ro bt O of the CPUALL. The BR Ie simply u hutding ragister wieras the
DE iz 3 leftvizhe Pafl regisler.

Tle ASHL righl cperation is inplamzneed by th right datu popt v Lhe CPU MUK, Similuzly for ASBG Lhe hich Dl
af 1ha wmezamd i shiled by Ue MY whils the DR shitts e low fral Faof the opeeand,

T high holf of the operand for ASHC left and che eniire opzraod fir ASH leliare shiftzd by the ALL Bunstion 4
plas B, wduile the low bali ol the ASHL ozenned i -hiTred by thes DR Bogistar,

35



In MTILsiplication, the DE ledds the multiplivand aod, tersfore, cootrols the summution of pachiud producis; os the
multplicand g shifted aut. e Joer ooder wrord of she product is shifted o In DLVision, the DKE holds the Joss opder
dividend, and iz uaed o ascmble the quoticod; s the divideod i being shifted cut, the gworizot s being slatted n,

3151 Muoltpliceon — Ac chown in Figure 3-1, aa the flow is entered of MUL, the mlﬂﬁp]i.-:uud is londeod. aa is the
&te p Counrer, and the C kit in the Extended Proceasoes Status Pepistor i clenred,
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At this peint, o fest i% made to determine il the multiplicand ia equol to LROODD (the must negive mandlveek TE it s
not, the molliplies s Toaded aod the anultiply Joop & cotercd; 3 3t & equal to T0OIOC; ths nolriplier and
ultiplicund ure swappad and the multiplier & eated ta seo if it.iz the most oegilive wwrihar, 1T the malUpller proszs
to also be the mosr tegatlvs number, o sgeecial cage <xista in which the anwwer can I genmrated. The prodoet is
storcd. Lount sopditinn codea ace set mnd frimstered, and the operation i done, -

[f the multiplier i% not the moar negative oombker, the multiply loop is en bered g5 abwove. At this poine, the hardwgre
locka at the two |east slgnlflzant bits (LA gt E'F'E{E_‘]} t decide whether o either add o sabtrast and then ahift,
or ta just shift, In all cases, DROD s send wr FPRIC) & the hardware cxecutes the bonp, This sztida eantlnuce, cach
Time fostine 4o soe i7 the Step Counter is eoqual 4o 0. When i le. tic operacion in e loop i conpleta. To conclode
the oscrution, the lonp is laft, the product is swrsc, and local condition codes are set h"r'"'ﬂ Teing teasfarred 6o the
CPU &tatus Bopmiar

In the KE11-b laedweare, the multpliss fthe contens of da zaleulobed leslinatinn addicss] 5 in B and tha
muiltiplicund (Frna R{SF)) ie in DE. LK eod BPS(C) ase cloar.

Lf DR {the TSH of the nuitiplivand is {13, B i subtracred fiom B, The tesull, ghifled ona place o the ight, is
ipaded buck ik BR with the LSB of the result shified into DELS, The THY iz shifted right so a bit of the
ruwlriplivamd s shifted into EPS(C), The sym ul the esult e loaded into BR1% omi BR14. TTTROD i (D). the BR and
DB ure sliled sight ons place, with 15RO being shifted tato D13, 1he BR i shifred by the DMUX right dute pusi.

Tn @ach suhdequant atep, voly e shilt is porformed & che bits in BROO and EPS{C) arc the same, 17 ey ara
Jilerent, addition or subtmetion i pefarmed alona with the shifl 7 DROD = {0 and LPS(C) = (1]}, Bis added to
EBR. If DROG=§ 1 and LESCH= 0, B |5 sabirseted from A1

Consequently the Juw arder bits of she moniog sum ol the partial produsts opoahiteedd dobo THE as e mltiplicand i
ghifted ot AL ench step, the etfoet of the mallipher in B on the pardel sum in 15 is hinarilly on: order of
roppmibeie greaer than o the praveding siep because the partial aum wus shifled iight. B can eonaequendly be
combined directly with BE. The Gyl adthanelic apgration will 2lways be siliraerion. 1f DR i initiadiy {U. ro
sihlriclivns mill be performed unlil a (1 bis shified inee it Shifling wAill thent contine until DRAD is 10} ard EFSIC)

s (1]

This proces continues, subtraciing when DROD is (1) aod KPS is (0), addng when TIROD iz (0) and EPS{C) e (1),
und simoply :-qhn,lf‘untr whez: DROA |5 che asme a3 FPE{TY

ANer 14 stegs, tha TR hiolda the Lo balf ol Lhe [ux'a-duct'and the ER. holds the biph hult' of the product.
Tha following cxunipls shows Hhal tha ahove g:-r:%u:-:::lurc produaes the sorreel produst.

100110071 = Binacy hilzga
TOHE4 331 0= Peers of 2 Tnoeach positicn
Thiz nurnber ia aguil ke
10000001
+ 1000
+ 1

. . : - . -
A siring of 18 whese cohd-mosl bil correspoanis o 2% = equal to 2277- 2K or cquivalently 2M2-20), i 292 g5

string el 1 198 and the 2% shitts the sicing lefL s places. Fheroflvere,

TNaanooo=2""t-z" = 2897
11900=23"2_22 n0i_3?
1=gt"-20 =2l -20

23-_ E'] +25_:|3+"'¢l 1]

s T L

17"



[ e il Tepresent:sn, esch powes of 2 that is subrraeted gomaspomds o imansizion om0 v (1) (o <igh
L Left] whereas each prse: ol 2 that iz added corvcsponds 1o nilyfo (0 taneddinr The Gimgenl Tema gorrespozids o
e pnsifion wy the sien it wsich s 40) for o positive nuinbuc The recllipftication glgacitbon intaepres b
wmltplicand in the aboye maooer, altemslively soflacting and addiag '.h_l: rmaltiplicr to the g lal s o the
order-of-mapnitede positions sorespoauding ke e tansinion.

3.1,5.2 Divigienw — As ghowo ia Tigure 3-_?.,'33 iz o is enierad o DIV o divisor, dividend, and sep count are
il Lesuled, At this poiat, o tesi is wads to derconine it e divisor is equal te . IEiLis, ilee Tocs] condition weod=s i
wel, L iindieate the aycor, casy are lranefened to the CPU Elalus Registar. and the Suw ends at thar peiot,
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LE the divisor js not equal 1o 0, 2 lesl is wads to soe if the dividenid i pegabva. 171 -5 Lot the flos: zonimacs e tesl
the wign of che divisoz, but if it is @ vegplive dividead, the 2% complemeol & lak 2= nl it oo detarnuns if i i the mosl

et ive nnbier (=100000), I Lhis soraditlen exiets. divisier i impos-dble sel the T CGUAT path ie sakan e sor the
Ingal eondition codes to iodicile ihal the guoticnt would be too Tirze. Fhe codes are then traazferred to the CPL
sl Lhe Now is coded.

if, Tneevar, afier 2% cumple=roenting the dividend, it proves ol Lo be the nog negazive number, the o cortinues
te =L Uae gign of the divisur o showa, Thia is the tirst divisdon sbep; anl, I the divser ls acgative, it is oecessuny (o
add it to the divideod singe sdding 2 nepative nmumbar s equivelent Lo suldracizog 5 posicive nuinhber. Buee it the

Tets.

AL Lhis jroint, the hardeeare i cowsed Lo wnk Qo the reaolt of this idednd adid or subibact nperation as indisated by
the mesence of or sbecoce uf u gurreennl frwn the ATULH 3 catre-ou) is nol e, thiz indcatss thar the sealing of
the dividend vs che divisor will prosluce the peper number of bits in the quoliend. T ean v-out-is soen (andezila ),
lwswawer, :rindicates thit more Hhan 1A hits aie requred 0 dspiny ihe anewer ond the T GUIT path is raken Lo
sl ingzsl eondition codos before they urg translfenied, and the Hlowe 35 teomin Led .

IF ihe Mirst division ancp does ool produes snoudeDow, iz divigion loop is entens! ot e ngeiaticn ceatinoes. In
the dwvida lecp, tRo conditions ure monilared For zach gass through the leop, These sondithons ar: TWROD {odich
repieacnts the caror-gut tesell of the ki pass through the loop), and B15 {ihe <enond the diviss }. Thia teet is e
For cach puss tlrough éhe divide loop, op ta the pumber seb o e slep eonn. Fach pass, the vao bits are samplead,
ud the .;'Ppn:_:-rlr'.ll:- astion taken, IF the divisor is jodiveled s being negatine and o capgeout was detected T the
lost pass, the indicadion is that too anch wus ci-her uddesd or sulitiacted in that last step, siasing The revarse aclion
to Lk plave in Lhe corsrent seep. This coolinues umidl the step coont resclis O, ot whizh Ume ke biep i leMand
Ihe Mow cearlinmss... ’ '

Al Hhis peadnt i the flow. s test i made Lo see 0 edther the sign or walue of the rémainder i inemeet. This i the
fisenp slep in whieh the sizo oo vulue of [he renmaindae iz zorisetzd. The sign of the ramadrider stodd maleh 802 sign
of the dividend. Onecs dooe, {he temadrder 45 shoed and the sipn of e quot™end & tesied for 2nezetness. TF it is
incen reet, ths 2's complemenl of the yretient o taken and, in zither cusz, Tha gquicient i stozd.

The Mnw -,nds in the nsual iweone vich e losal enndinon 2odea boirg se and 1o rlerred.

i the KELL-E bardwars, the divisar (ihe contzants of tho celoulaced destinution wmddnessy is inohe H Rruwl:'l Thz BR
and DR hold 1hz hiph und low dividenl, respectively. IF the dividend &5 nomtive, he 2' complemern is aken and
loaded into BR and OE.

Melwre the division proccas i initiated, o sheck foe the divisor being O s made, Lfa O divigor i g lselad, the divisio
i% abwartad with the condition codés (£, ¥, ) sel o indicate the eroar.

The s 2tzp of divisson is perfomied 20 dat & test for noderTow may be made to determning i tha quatiznl & oo
lacze Lin e expromed in 1 bils. M underflow does ool acene, the instrwction is aberted. IE o, the emuinine 1%
divisiun slaps arz peefommeesl, :

Bare dhat the dividend = shifled lelt oac placs 'b;':i‘i:l[I: rach adiliom <o sudbilaaction, d.ll.'r.|:l|.'li:'lg the crrent M5B of the
dividzod. As Lhe dividend is shifred out, the quoticnt ia shifued in-

The tesl for ederlow thar detenmines edwther the AL should add o subtrace s Pased on the follewiog
COTLER EEaLinns:

a. T the divigor ia nepative and she dividend is positive, addiag the diviaor (o the dividem] shouh] produce a
raselt closer o O thun the erigisal dividend. Tf the reqult is nemadive, uoderilva has noeoreed and a 0 s
ghitted into the DR,



h. IT the divisor is negaiies and the diFidend 5 also negative, an wderilos condition already oxista. The
divisnr g sebaacted Trerthe dandend oo oeowi e dlviderd thoa positiss nwmber, TF e result e still
vegitive, a 0% shifled intn the TR 0 the resall 45 posilive, e wededlow has heen carssetsd and 2 1 s
shiivLal i,

2z, Fo a posoove divisor and dondznd. 2 aabbraction is perfonmsd. T the vosult @ posichec, 2 1 s ghified Qoo
the TIR, hut i cha st 2 negacare, anderDnd Tias o szd 3nd 3 0 6 shiftad in,

o, 1 the dlivigur is posilive amd Lhe dividend 52 vepalive, an addcinn is perfomied o eanest an eXiEsting
vmslerfowe, B1 the resall 35 posilive, e udarfow s bese correcied and a U is ahified rpe the TIT,
nLherwise o &) s stdled i,

Az 8 reealt of thear comsidernbions, iF the divisor iz poaitive (BLS iy Uy ol thene iz o wnderflony (DEOD 3 1V, or il
the divisor is negirtive (B1S i< 1] and therz iz undexflow (DR 5 2}, the KBI LB perfonms g subtzr upsalion sid
fhlfte the cary-oue of the AL joto DROC. A comy-vut of the M3E of the AL Indicares that o woder Mo T
aecnergd; if an arcarrceted underflow cxisced, fhe carry jouisutes Batil B2z heei ebreatcd.

If the oppasile condilions axia? fdiviser is posilive and RO i O ot divisor is negalize ol DO 5 1), an additicn is
perfurmul, [uflowsd By a shift of the cormy-oui ol e ALTT into DROQ, Note . the comes for ich 4 cane-cut-of

[

the B4 o the AT axizz are equivalen! to tbe mses daseribed sbove for which IR s el

Tr, altzr the last disision siep, Ge LRH ol the quatizat a0, anvmdsrow zoodition =il cxists, Thiz ¢omditinn can
e corrected (noless an overllow condition alue existed by adding a praitive divisor or subtectin o negetive divisor
o eniect the rermioder, 1 oo terrcintes coreecon is ovedsd ot the remaipder las the woony ~=|=.:n ]| 1'| i the
weinrg 2igin af t-w corrcesion, Vha remidrnler is comglemented wad slosed.

if KPS (W] s sar, the origing dividend was pemiiee, Tha complementad remainder, which is segilive fecase the
surrected renaindm @ positive (it all underBow conditiong are corcetedy, 5 ostared s fhe fimal vlue of the
remmirnlar. 17 hoth the daideod and the divicor weme pogitive, the gootient, which s alwo posilive (The miosd
sizniligun it ol the quotient amst be positive or anjermiediate overflow coudition sborts te divison, is wrillen
irdu The approprizde ganersl rogister.

Similurly, if buth dviderl snd divisor a0z nzpative, the quoden! shicd be posicve 2nd is written in its present form.
Tt the oviginal sizoy of the dividend and divisor wese differenl; the guatient should be nopative, One speeiul vhse T
which the quuiient is ke mnse regacae number is consilersd an 2rm.

3153 Arithmactic Shift — A <hown in Fieoee 3-3, az the tlow is cotaocid 2t AsLL the Shitt Conoter is oaded oeth
the nuntacr of bit positivnes o be wreeed GiFany). A et s theo :ruudc to derermine tha dirsctior of shift, ur whether
no ahiitwill oeeur at o, .

T7 nn shidt 15 eallzd for (o court get o the Shift Cooote), the ioeal 2ondition 2odes are sor and tounsfereed 1o the
(1] Atatus Register aa the Sow coochnles.

T ashlft lefr is 2aled for, the operind % shifled leltnme hic position. stooed and the count incrementml. This repeats
wintil the shift eogat i cxbuvsted, ot widch bime the Ineal cnndicion eodes acc 2o aad oamsteroe®.

3-10
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Tf & <ght ghitt i@ celed. fer. e opposjie uegrs with the shift eoont balng decramented on cash pees trningh e
T )

1o the KLLL-L bpdwase, the nuerand oo he snifted iz e RESF) and is seat firsl Do the 1 Regisle- and Dom ez o
boal ol BE g oo preccearsd B Register, The zontana of BR (05:00¢ detsrmires e disectiva al shilt. T these
2urionss are noenler War Uy the <hiltwill be o the Tefr, 16 they 2z les than 2 cghlshiltis w:led S 07 they arz 3.
o shitring will ceour, e liwg of condicnn 2edes for transfercal is implemented dvsnlivally e MU aad TRV

1154  Atitlnnotic Shii Combinad - As showi Figurs 34, a5 1he o L5 eneerad ao ASHC 0 can b2 seen that
the Qow e dmilar to b A900 Now sscepl Sha i this cass the hasdwars S deuiing with 33 Bl iwsienc of 16, The
Shift Countzr i Joaded froon The leasd sigeificzis /B of the aource operaad, ansd the Lo bifl operaoed s sont 1o
tlw: shift cogizuer, : :

A o ASLL thee vl of Pae sk Soamt weth respes b s ested oo detesmine roght g Jeft shert. 1T a cpht dhits
callzd for, the operaed s bkl righo cee positions and he partisl higl s s sored whitz the souat
decremented fov cavi poss thozeete thee <200 loop ancdl the <birlcoune, 5 asbaastad, Far thee el it eondicoon, the
COURT i7 Jncronzntae; i e dehd sleer, iy decmermented Sor e pass gl e oo, )

Whea tiwe chift count s cxhuasued for gither loop, The b anewer iyl Clhie [ogh snese is alieady <inedi, the
condition codes are sel. weosteroed Do the CEL St cml the T is Leeinin e :
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Lrt the KT0 1R handware, te conteals oo b tapister desgrated by the sevoee Held (RS s thal izgsta ORed

Cwdth me (ROSEW IR are Toaed ot the G ard 1R Regetes ancatenated such ot dis i operand - i the BR

and g Low omerend 3 i the DR These aoe thes shifled i the court i cibnusied i wbch cmee e low aeves
B srerel i Lhe ochl registe: and 1l Rick apewer is Jmsnky stoesd o RESFY b the slifting «ofun withiv e by,

Selnge coredi oo encles and crenstoomal i ddendizal o ARH.

3.2 KEil-F FLOATING INSTRUCTION SET
T KELI-F Opicen is psel - Tlvating-padrn opcrstions in the KR L-A Ceate-zl Proecasor, The principles joecdee:!
in thegs Dsceee uns o e e the fellewiaz pamamphe.

321 Polish Mode .

I 1k BEL11-L, dloaling cpaetions 140 fact on the vop ol v b s stzek Ty what iz termad Lol Aormenedulop
Teomwigwe, This -techiizue 5 haszd o a3 form of riiheralical voation developed By be Palish logiciar
Loixesimwics Lhe procalurs loas 2o nplex legical exprascions b he statzd Do nonarzigesus menner wirheat the



neoosaity of 1t ying aa hizarchicsl feimilers such as parzatheses, s onthe EELL-E praatls simplidies s e
wechanisms. By deaominiag prerockutior bhips hetwcen operands novimines watl caazice] operaiiung, Lukoas swizefs
toettique @ v seaoaazamEat of s so an srdering of opsraels ca che stace minmdaed e ALk 0
aperations moizen 1o achiowe the deized mallzeasical msvh, Upemiticors soold fazn b peborned b sapc 2
et Lntermsdiae resuiis baing stored aulzmalicaly 1y the seick, Gen wsed inthe ncst saqueeual ep=ation o Ll
aalowtavion v sraplets, Without this sterie, 2367 equaton trym wenld have to bz caloulored separalaly, slose,
then celiod Jor wee in senpuerd 3l steps.

Poligh actuiien peomvis Lhe aniting, of algebosic - legiczl sxgrzssions inoco nanner “nat climmimies b vaid o
proup e sembuts aond conve biois 28 T apenion precmlere. -

In e corprossicn BAY 3, The pareot] 2sa: oo ovsssamy 70 TE0 the seader Cor Lz preting deviozl can arda ol
ile growpiaz intemied, arl Cre precedencs ofF apeslons b e pericimst.

Ciaricin opctilars haes precedeacs over olhers. Poo example D the pxpressior YT, Tz divive unerici {0
sndeszoud to Rave Wosher przosdeacs thao the wld opeczser (61 s il andestood dut the vgerlioe s 2 he
iterprcbad s X (YA ethicn thua YL,

Ba siglstene Polish rocan s the cperlom sreheswad to the righe oo he imerands. Fos examaple, the somass-on

WY r writter N7 E Birviaily 1o capresson E-¥-F can Browedoer siller as YREE o1 XYL 1 ool b
cxample, the fimtald cpoator adds ¥ amed ¥ whilz the eseond adds X o thztsur

L Pali= o rlazion, the followiog fus e pusizinas oo B2 muda I hasic logizal crprossions:

L Erprcssion I'ukisl Motnton

KY+HA . Lither WEARE cr KYE .
CEAYIE . Fither e K+, o XA+
=X T Rk Bor - )=

The lag: Listiry i an eszreple of ow Pejish votation 2zo b2 weed o mesde vane itz e

3.2.2  Flaating-Maine Aithmetic

Vleevdpp pooct. e prezznzasion o a bivasy vacber fonsisls of UCiee gz sz bily e epone it 10 o man s Tl
“munis i Crastion Tosnogmi e Dol s e by point pogitioned 1o e el af 1 racse sizean | bie ol
tha manlis-n. A1 antisaos a72 aeamnec Lo b aormlaed; theelme, 25 Gzadioeg s are alininated froo s by
repoeedttalicn. The most sigraficant. hil i this 8 logice] 1. Sinece ali nantiss: are spssrned o he nommeliond, the
WS, which will aiwaws be o L, 3= s stoeed heeguee it s eeduadanr. Dezéing 05 are reneded by shifties the opandis-a
Ieft, loreeeer, each Loft ahits of 1hy mooel 2 s be tellowes Iy a decroracnt ol the exprnent valus 1o oiztin e
touz velee nf the number. The swoomeen valne rpozerts the pomer of 2 by woich i naotizsg is maiplied Lo
whrgin the walng to be Jsed. i 355 shomwe 2n weoonmaliaed nanber o o ingspo 00 nesacon amul when the s2inz
ournhe- alier 1t haz brer aormeolisesl.

32.2.1 Floatiug-Point Additker vl Subtoetion — o floeativ ppniin addition a1 subcrichon nperalicas, the
enpeman s st be aligned ur eoeel. 17 they are nor aivned, e roanlissa with: the smuller sapesent b-Jorted ght
il They are. Eacly shift to the —ight is acenmmpanizd by o ncrenientiing of the expoozzd vl When e cxpoacnns
are aligned ot eguil. the rortigas can be odded o eblcced, whichorer the e may b= The sxpansot velue
indicares the mnher of plazes fhe bineoy point is o be rnved 1o obtain the achul sepresentation of the ok
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Figare 3= Floativ g-Frint Beaposser raticn

Ir <he cxemple beleew, e cune®es T, 2 added to e oumber S0, esing Mol -l Specientaticn in
ity <0 ook dnen Male thir the eiponzats ars fivz: wlizoed oad e ce nantissas ac add @ the sxpensn: @lae
dictatas i el Lo o thie Taracsr padoe,

Ay - 0 =1L 0D K2t
+ Typ= Ty =0.010 000 27

T wishn expaaces. (Uit tha manc s wdin e sneler exponcre theze places to the oebt and incramaot
the expaineat 2y 5.

= 50, = 001 D00 X2
Tie = T =000 1) X2
T [ s

+ -
=1 .=
-

']

n 1

=
=1
1

L. Muwa the honany poiat sl places o the righe,

-
1

I:-.'ijET 1L
LI

32.2.2 Fleating-Foint Multiplization and Bivisdon — In Hesting-point reatipliciion, e muntissss o multiplied

annd chwe cxponcnts wre 2dded. For fouting-point division, the maotiszas o dividaed aod e cxpooeats vez subtoacoed.

Tazie 5 vooegivssn W ahgn the hinasy paint o che Hoatina-poine el Hpcisadon or civision.

14



Tin the foliewing eximple, the nurber 7., i rmaliplied by the omober 500, An bebil redaler is assumed Jor
aimplicity.

Ty = Taor 1 IGO0 K2
¥5,p = Fe = 00 06000 x2*
OOCKHI00D
1110KR]
oo
L E 1) )
0.1 0001 10000 x 2

Moave the binary pont six plzces foa the righl.

35,5 =42, = L1000 0C003000
323 Alaprithms fer KR11-F Qperations

Figurea 3-6 througk 3140 illustiatz the sequences of operatiod by the Coalingpoinl gpesiinns. Mot izl to
evrmigd e Jr2 fupction, the KE11-F haidoars ueilizes mazh o she KEL-E hardware,

) —

FE LM b ASG AT | | Lo UE LA TE WY E |
I .
CEa Al b= D ZAXTOM._THFH
Lo et o LA TR WirL ST = MICUYENT
CRUEE FXFIH=YI N ey aFcmnar” IH
EC A TIH Pt SHIE == SCTATEE P SHIlHI K
' 1
RIZ=T !D3. " R HEH s 1 =Dk DE T
CIHENS L1 bl AL B R Y [N

GoCTSTE A=rliH - PFHEERTC LMD 4

o= G L 2T B 10, SRR VakEe. )
LT 1 i Tl L] | L A R [P
1 — -y -

EAL =100
P
FeFIILTFN

O T
=D (o) T (D

Figure 35 Floalivg Boory Alporithm
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When o Guating iRstroction 3 exsonad the Mow 2 ootergd i FLS (Figure 300 The B opwnent is Ticued Tocin
AT, '|'i;.|,|| B fisst and —1zo _'|_-,:,a.,- I The IiEh 0 20 LGS nn::n,;,'i,a'_jug nl si,;_-jr: ERZIIHeTI UL i resEnliga i% lll-én-
e hled soparating the sigr, sapenenl 2od mancsaa, The sxopeazo. @ aenl dno e e agre or one ol L
Furleh Parl Regsors,

A previcasly slaed, all mancsss o asccnal b oponnalized, meuting il ihe el siesidica Bilons the
meotiss is e a2 | Thoreforz, the Wbl dmeerred Loods e hoddea U1 o0 e rmaredasin i fad socred inwone. Tlis
Bicuer 135 o 1z camted Lito the me i,

Mexr, o tes o retzcone i the B oexponenl dospa! ool igonade, IF i 0, o clean U2 gesenalad s L [k arwurmenl
C2ian, expurien, 20 mantisa),

e A agirant i@ aow Szrekad Com e oG the :ane grocedoce descsibed st is Glised . 4 &l 5 e madc
bxoolaiermin > arici flogeine imssmue tion « b De gaecuied.

3,230 Floaiingaded ared Floating-Subdeact — A shown in Ligure 3.7, ihe rl.lﬂ.ll g subiract Mlow onizs at BEUE
ol imanedialele coniplerers the aigr of the =2 trzhemed . Lo thal painl e it procecds se fll:-_[;I]E add. Thiz iz
gt ernalica e walid 2o0os 2420ne the oegnsive of & cuanber s e lical Lo sboaetiag o

The Jostinz-acd floew 2 auloesd o VALY A el 2 ther made I:"J aee Tivar if the B Adderal is segative amd 1haib the
A Addzid iz nepative L0 sitber or Bovars, e 2% eoocplerzes s takeer ef cithes or betk,

The A exponent is subornctad from ibe [ and o W5 made oo oz i2 dae B 2xpomant 2osgan e ar prsalae
Tean the A exponcne IE 57 i aol, then ibe Aoand B Addecds and expenonss s ez positioos. The swop s nonde
s Lhat e miznczas with the smaller g zoueni s in posilico @ be ghifted Lacer to olign the bimice poinls. i Diere
aiz ol 305 bl of owatisss, i uile ‘“l"' B akian biv s st By abittooe ol emallzs maontis:a debd mesz thim sl
wacas warld .-c-u‘.: in thas mantds bere hest. Becaose of this, ancther test 5 made toose iF the capunents are i
senge (dfferenze 30,0 W ikey aoe s in Sinee s the areonent o th the faczor exporat is wukon o5 0 inswer.

T e 2xacasnce ske i nge (difeoense <0400 ), & check s wade wosee F thee sez oqual fo cuvh other. 3T sn, A
Adbdernt is added to B AZdead vexe I the sxponens me unegizl. thea ihe Addend with te soaller capouen is
shilied right. Ths zorresponds monsmeiicuily 1o g oo the dezimal (hingrv) acits, The larmer sxpeacco hen
Eecimnies The initiol 23 sonzin of the soseeor., The teoo Siviliol'' axpeaizi is waed bessuss: nonmaiizacion of ts snswer
et rupkas po lnkes place, :

Al s prin?, e A Addead ieoadded 1o the I Advemnd, The sign ol the angercr is ahecdked, and the aneeer
cornplemenied o the sipn 2 nomative, The gpswes S then nonalingd, covnded, aod stoeed, as descdbed o fizpmeph
RIS

As sl belnze, Tloatice subtoasr s implemwerosd fp chenging sign ol the sabtraiend 2od udding,

I wmwochd e vored hes chere ane s o T e swsilions oncthe oo cod oF e oantissi for Covnuing pucposes.
These itz Bold the Jass e béig shifimd e ol the nantisss when alinndos binacy poines, Ong o e i isodnopped
befare noine to the pomralice noeel aed soe Jow, [t @il e seen i Pameraph 270504 U at e moealing it i
addct to the Temmmrning exora bl The seocird oxess Bit was mudnleinsd o i 2 avsvwe s wig cegalive, When che
asawr st comp rrre Ll e lowizn extia oo 2o0ld atfct the apper vl bin

i-n
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Rouwndiag hit addad to this puosition.
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3.2.32 Flonting-Mudfiply — A- choen in Figoee 3-8, 1he Sow b eatzeed at UL aod a check-is mage go determaioe
it zither aroumicnd is equel 1o Oy I s, thene is oo vesl we gooany Rither wich due operation: and a D apswer 33
szpepited. The ozl vondition cades e sebawl he Cow procesds & 3STORE on Figure 3-10G.

If poicher scgument i eguit w0 U, the XO0S 00 She sigo Rl is seved and the cxpooents of the A und D acgumesnis sre
zdded to produzs the uanocmeadizn! expusent o the soseer.

At thia paint, the step countar s Jowd=d wilk S0y and the r|'||'.||i'|:-|:|.' luwapr & enzzred. Toochis laop, the stare of the lees
sianifeant biz of the multiplier (ASEOUY is menilored, Inoany paes Geeoagh the Toog, if_this bit is o (O, both the
mruitinticr and the purcial product oo slifted Spbloome ousilion ad G step count is dearcmenoed. I Roweer, on
zov pnss theongh che lovy the LYI al The mulliplier ix s 10 b 2 (1§, eth oo multiplize uad pariet prodact e
shiftzd tight vne posgtion sl then the sllipl cand and garcal grodoct ure added betors decrementing the Srep
Coueiiec, -

This prucess continues anlil the coidt i exhamsted {each biz of the woltiplize hus beer wnngiomeil’, alwh eh tine
the Mo procesds o te NORMALTZE, ROTUMD & SPORE flees i0 Figurs 3-10,

[L e b seen Crom the abowe decription thet cooltiplivation of the mi s i identizal b lhe way in whizh it was
taght in Grade School. The maltiplienad is wddad jo dhe pordal gredacl each time 3 18 cncpontzred in the
nutltiphen. followed by a vight shift of the portin] produst. Loz ech O encsonieced ie ta ol oplier, the parcia:
presluct i sinaply shifted right.

3,233 Fleating-Thivlle  Asshooein Fiouss 349, the dlow s entems a0 FITY. AL hos poonn, 3 test-ls made toosoe if
vithzr The diviser on dividend are dqual 4o 0. L7 they 2ee, thers is e sisan bocondinug @ Sondiulduar.

I the divisgr s equal we O gdivide by O, the loeal condition. code: ame el o indicae an onde®me, then gz
Lranslerred Lo the CTHT Bratos Word, At thes point the flowr terominales, '

If the divitdenst 76 equac Lo 0. a0 ansoeer is gorscared. the lesul comdifio codes re wel, and the Mow prozzeda to
SR om I"'i;'a;u'n‘. ERTN

It. however, seither argurrent i eguzl o 0, the XM0R of the sipns of the anguessres i avel, e 2xpomsnrg e
rabrractzd 1o prodoce the v esprment of the ansmeer, and the Sep Counter 3 lendel. The Frisus is than
subrzactad fom vhe Ursidleml ard the sanmp-ot of the ALY js saved , Both the divideo o saolient am shifad 6N
one bit positicon os he sl cirre-nal s Sailred inee M3R00, and as the LSE of twe guelept ol the 8ep Coaaler i
decrermemied.

AL Ldy pEnt e e looy is @ntered. To dhis loog, the stine of e Beasl simisicm | Bl ol the greban SR iz
mogitorad, In sy pase Theough ths laop. i dus bit @ oo {18 e divisar i sniizseied T the éodend snd the
carmy-out of the ALL is savad. Both the dividene 2o guodenl urs shilted e, e smp-onbel Lhe gqoaticne iz scnt
I MR, aml e Slep Coonte i decreamated. W, hondewer, upen soizcnpe thiz o e TER af 5z quaticot
(WIS i% seen 10 e a0}, the dviscy s wdded back e Fue diviCend s e carry-ma ol thz ALTT iz saved. Ooce
i e dividend and yaoticn orc shitted 1ofr, the sovel sipmyeout o the ALTT is seat to MIROG. and the Stop
Conmter i dezrece: ied. C

Thaiz precess contnocg wntll the siop coune 15 I;':-:||_:II_I~|iI'!L|: | w-.-.-hin:h time the Mo proceods to the HORMALLSL,
TRCINTY & STORE apoiation dxsaribed i Puzgmnph 5,234 i ' '

Mitle Lhal divainm of the mmandisses i 2lao idensive) oo the ool Laaglit o Grrads Schoal, The divisar is subtrasted
Mronm The Digh el of e dividend acc, i the Jiviso- was soclles Uan oo equal o che parzian of the dividen:] being
subiricted Crorn, 371 g ghified joio shoapzwer: The goediera ol dividend ae then saitoed 120t IF the divisor oas
reer Jan the dividend, & 0 is shifted inta o quedtisor. Sinee e hanlene canner loak ahzad o deternine o
ey e the dividend ozt be shifted lett betoms the nesl soheion eil! e sucezeaiul, the divigor wil be pdden
back inln Lhe dividend until iz drdcend is lazer thio om egqual e the divisie and thena 1wl e shifted jote 1he

STOVET.
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3234 Monnadiee, lound aand Stere As showen oo Fopaoe 3-10, the flow can bo eatercd cithor at NOFMALIRE.
RO P & STOWE, wra ETORE. The STORE Dow s cotersd fiom FOIY atizr Coteominotion tha che dhidznd was
erpizitl e Sy o Croen FMITL aller o0 has Deor determed thar one of the soquneeca woe oqual 1o 0. In these Slows
(¥ & TROTT, o] condivon codos waoie aet and wpen ontecing e How che awwwsr iz stored. the Jocel

vomdilion codes we aeesTeored ve e T Siaras Wnad, apd ohic flowr rcnminatea.

The WHRMMATTAR, AT & ETORE cnory iz mads from oll other Hoews 4 oo voosusd oondiiioos aoe degecsd i
e proccas, The st et @ mads to e if The anatiesa s noneelized, 'This 3 indicatesd by the sdaee of LIA0H e
MIE of k> maatiaza. [T this i iz oot scr, The ooatizsa B not noomalize:! g, as o pesull, s shibes] Db ome hil
praiiion wllle decremanting the exponcnn TIN: is fonmed jnte o loop antil LHAS becomes: sel, o which bme he
matizsa s rocraiized aod ey o be coundad.

An ol earifer, oroexim B nostdon s eperied o Ues s 2o o8 the manlisza, This ot s the pesilicn the iounding

biccis added o, T the ceoa bt i 2 Lo then e will be s c2er Jeee the Loaae scznificant b of the mmentisaa, thos
i zaging the shealts yive o7 che aunbar 1 the extra bt is a 0, theve edl® Be mo curry -,

Far cxanplz:

Manrizan Extr Pit
1a01adi 1
+ 1 Buend e i1
14940180 0

Vhe ealia bil p-t_'-ciilim' i~ |_!'\-.:]1r|:'.|| lielae Y rsrnligsa s stoaed. ANer m-md.ng. stesl 15 made 2o sas il e meinnses i
a1l nenmalized, 1 i ;}'_'ﬁ-;,;ibl_c Toe b preer i b sesnene sresoerscies] e noegall of ssarnlin My ool LELITIES Lanhl
prozuginte 0 the oy Weoustosod bevon e the o <SedCmm it of e s,

For cxaniais:

T Lhis bappens, the raetise smed be shoCead right one alace and the expenent incemenled omoenomalize the
s Lisen.

The bigh answer (egnpoising the sign, the saponenl, and e ezntissal is aow soserebled. Bzomonba thal e
wianilissie s ey isdune: b e ooemalived, whichomeaes hal the wwar sgmlieanl bic is alesyes going woa (3],
Recauss ol i, there i e poine in gwering Bhe rogc soeficent Do inoeoqes Thiz (11 in cic MSE of the aaintissa s
zermed che hidder | aad @ drogped when the Lich answer iz asgenbled.

Next 9 check for either cverdicor or nederfiow 35 mwd 2 LE ander o is elivaesd, sbee local comdilion codes ary <el
upproprizlely. iraodvered w the PSW, und he SJow limmine s, Likewise A5 ierllowe s imdicined, The same aclion
vcgns, L Kowever, oeither s Guiic Led, e Lol cordicion voedes are s2amd e ansater s gioeeid an cose. The © o
e e el ol s aditionn eraes D e CUPL S Lanas Wooed.
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CHAPTER 4
LOGIC DESCRIPTION

4.1 BCOPE

This ehapror cesedbes e humdware agsocialed  with boch fhe KELL-LE and KEL1-F. Bocawsy of Lhedr
ftendependene, these oo oplions axe moi sepealed in this chapter az they anc o other chsprers bud cithes aoe
dercribed a5 one aotiiy. The optioos are deseribed ot holr a block diagrara Teve! and 2 legic level. In uddiden, the
pliinzoply bokind FOM prosramming = discnssed caggina with a goeds to feading the Howes. Whooe oessary,
inzeastion on a dow lovel with the KE T -4 is also given. Fon convericroe, lomc Ln:wnpuuus yre vrdered as 1o theie
appearanas in the Doraing o,

4,2 FIMNCTIOMAL BLOCK DIAGR AW DASCUSSL0N

Figiue 4-1 5 2 functional hlock dizgzzmof the KL -1 and KEL-F abowins the nfe oA naetiony with e KTIEL-A
{antral Froceseor, Betb o dnmis e showen, The dul'ﬂ: | line sepdrsmes the UIS g e el and e FLS or ke Cehe,

The KlI1-F enmprsca one Lebic inpet mester (A1) @ hooding register that savedves dotn momn ane KDL 1-4 2
16-bil =N highe ahift reaisver (DRY; an A-4il upddis: coneoer thas reecives dutas foem the dnmad registag & Jocal
prmiliom eoda sspatcr that sovords the <l of e KRB operations: & dund 471 mebipieser (RTALLTX] chat
chomnels daia wia BUS RD dovers [mom the wo BERI-R cpiziors und states o the K1 T8 and a 236-wad [
BR-lit TN that is veed o conteel bovh the KD 1-A and KETL-E dudor the esecelior of e BIS inszroction. The
ivecs 16-hir recizrers (BE and DY sre swpiy an cxpanaion of the busic K4 deta palk. '

The KEL -4 comprises all KELL-E hardaurs plas lwe T6-hir el righe. shift Tagstams SERSH il MAR) hizt fenction
alse o5 Laldiny regisles; a dual 4] meaiipleser (FRED MUX) Uhat assembies datu tox ciznneling fooen e BEL-F
copatare 1o e KIM1-A via scpearc buz dowers; a consanls genmatar iz groaves the oftses magoned in FIS
compuations; ind o 29Rownd bty S-bit ROM sl togethes wih the ETR ROM 2 contrel both e K10 Ted i
KEIL-F dodog cha'execetion of an FTS instrocticn,

Che i 1o che BR Regsta (TMURL 5000 is onz of the buszs in ks KDT1 28 Al dala o the KFI1-Fei KRIF
upbicrs i received e the bos. The BR Register de similac o the b Megisier in the processar in Thal s clocked D
che F1oamed B3 wivdsge gpelses feone Tha Basie (eacihioe. Nermely, witkicost the KETTT T fus allml, oo o the KE11-A
aright beoeweand e the sorateh pad, ever cha BUS BD iheeugh the balTer ol the AL Furcthe ATE i vasold
e 1 the 3 Tegiskes, aroa the TOMINE, and icto the B Bregister (b s be Detlowed Gy relere LLR dratwing
E10 1-45. 1100 Witk the KEL; E'F nmﬂhd larreves_ i one of the LS or LS anstmog i were isoeed, tha deng s
e TP anight il eqtar the B Bopister bt u-ub]lt consinue va aod o the 152 Regisier in the FT":- »‘:-|:-t|1’-|'| The
HTL. is srigmely a b ding register ang every reggister within the wplica i lesded Trom i,
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The BR tfezde che DR, the B0 MUX cengiena e owilh RS, aud the RO MUXN straiht throwsl. [t fzeda the
countcr &Sl bits [I'_I"T;I'_Iﬂ} les '-:i:l;:[l ek s e 1||.11|_|.~q.-‘:r " Riep% sl omnred. Bhen che 1'_'15_ is instzlled, the 2R is uzed
vep V) dhe “esprnble™ Inpd o e FRD MUK ond oo losd Poch the HSR ond BMEE Eagston,

. HOTE -
Fur the EIS ooteu, only bits (054001 e mpeired for the
colwnter @ven thowgl biks (07:007 ave bended, Bils (07 -06E ane
reajuitesl Baor the F15 aptinn.

In mulkiply ard d3icée opesndons, The vounier kespe mck o b zmame slzps loeee e edeenled 0 tho vannis
loops. In arithnastic shift ant scabmetic shinl sombaned insienctions, i1 folds e coaet ge wnhens ol shfts chat me
10 be made. ' '

The DR Renpizrcr is clovked by P1 - P ard = fed dircctly from the QK Begis e Phe mids ge ecled datennonzs
wherhar it will shift ziche, shel led], o el be Tnaded. A dmes o & vsed comievai=l with e BR G Teeld i
Tewen gontion of the operumd heins slilied while Zw apps portion is shifeed o the MU o Lhe besde niazhine.
The TF& zan focd cither he B0 MUK (LIS wr the PR MITX {FES), depooding opon Lhe smeale of opemiam. The
ToR Registor foodz the BLES B via the R4 WX T coansmigicen bazk to the baaic michdoe,

The BT MUY iz a covdtiplexss wilh oo supd gens, From oighe to Lzt depaeodivy o the combenatioen prassot at
ils seloat inp, it is fod with the Falaewing: . .

1, Lownd statgs {EPSMC0L This laprt roconds the eorlilion eodes o the nstruetion a: to whetber i is
vegpetier ozl o 0 or whotber there is o woey hing ocof thess i overfiow, This dnforrmation i
assenhied e and ceacsfzored bocke Jo the basic oaching as the lagt ovent wher an instowlioe i3
eonenzlete. Fram here, it is Joadad dota The lasic -naching’s Statea Register '

[ ]
'

The eative 16 23 of the DK Register arz put on the B0 BUS uncd Ced eithen throogh the AT or into
tha seseu? Trsbers or ey plaze in fhe bacic mackine accwsdtle Srom BES R

3, Toc DI shilied whoone plaee coneatznatad wih DS {HECT 000, TR ES). A5 i the aase of Avithrmeic
Shiit Comdrined, the BR ard TFR ae consiteoitad anl <biTlad left drough D1ac poet with thy LMY heing

the Jevwet TeiKIES,. -

&, Theentine 18 Bls ol e BR Reaister whaee 71 is Fad, with onsheMing. onee che BUE BD

The L1 KOs wind iz plyesically 68 Bifs wide iz the ROM Bits that are aclively heing zed], but the KIM LA
RO cipleive 96 Bt odils the KEL1-L KBiky has 24 bots of its wwn, Sivee the KEDI-E most contral the K114
dudar quith, Tosl, 07 the 536 ROM bits i e tasic nachine nes by dugiicat el Mot all need be duplizatad, juveewer,
ingl thiees Wit e 1o be uses by the oodon, T orhars are dovor low iy wrndwanz in the cptian, fcoeby el Ta:Livaly
toadiop O i Thnsz postians inchs U Bapiser, A5 @i she KUK e TapLivelir sande 20 ROM bils btk nthe
Rusic muchine, 100 all of oy ancactive, v generatss 24 bite of ils ovwn @il o Tecds o ife own L2 Regiso.
These hils ame vsed e contee] the LES Cala e, i clack the BR and 10 Regisies, tozonerol shich ey the DR
Bzister wf| shin, tn oad “he sonier, and Lz 112 counter o venvl. They ass wied Fathor W sonlrne sehal
porlon Dz 1R MUN @ eetive. and to clock The vzs hizs (sor BOM U enmd deenptions i Parsgruph 4.6.2).



Tha ention also coorging a brarcl mécsorcar maltipaexce (BUT ML) whichis wsen® Tor festipe gondicoos ther
dercomine scleotable chanazs in oicropromsam Zow. Thiz BUOT WO & sonilze o the one daobe K176 1-4 und 33
duplicated heee oo contzel] conditions prevlor oo the option. Bz on the ROM aie wied Lo contrsl inpang 1o ke
ruisipleer which. ia tein, chocee For the tooe or falee stooe of some testa®le condition. The resnn n 200 1es, shen
ig used o ulier the "okt addecss™ sosiding dn due prescnt BROM wnarg UPF ficld. The onusen o the HUT MUK a0
bacle to the Busic mackine o wn OR 2utz in front odf the UPP Eogicter wherz s may e oceisi i appropcils
pesilion: woaloer thul ese addoes: oo us mony ditforeol sddrosses as there ae branches called o

I the KRR, e HIW o] B8R Boeass are ot ied by 2 BR when an BTS insceziwon ig cal'ed Qo Their
rresze ol opesinom @ selected simitacdy o che DR In the BLS opdon cxcops shar keos thees Bitz orc used in conrsal
bers resatigber s, Ton sopecaiaon, nenvlly the 78R cua be londed at 2oy timc wrless conditions requiss that wad thc HRR
ol MET he leade d T this cvent, the MSR iz Toad: d bafore zaz HSR Al eRamination of e made scleeron o the
HER and MER on print FR-2 flustrates wlhe the Snttor statament 3= e,

The FRD MUX i aimilar o che RTIMITE i the BIS apion. T Lhis cpse, o vorsl o geoerator iz alsa moiti ploxed @
thz BUE FI. Zolect bies concral the i Troon the HSR op M3T Hevizlems, e conslimt: neactor, oo the aszcmhle
ipat frow ER and DR o ofvich the Tiglh 7 hita of the mizncisa ane oo The 28, Resisier, he 8-bic axponaat iz heid in
the BE Eogizter, and the siga & ta<sn fioam the EFEIMT hill

The RUE KRE bivers (T4AHIE D wie identeal b hse wied o e FIS irpalicn bogek e e k] |_|'_'i_=_'_.' whon an FiS

st o o iz el led foe

Fhe 1714 LEOB is o tarber hovigonial esisoesion :1.l lthe mévzoimtmedon word, It supphes the estra congrng biy
eesquired [or Jmding-poiot opetilicn, Loshould be poled 1oot “he BOM: oo the EBS Doard e alsoowsal e esess
vhe 155 iosl cuctions,

At covlrol hpge i prsived 0 0ds wpldon o alew brrdh eontrol of 3ic 1 of the ROW add=ess Tum Liis
hardiwziret maibesr Chan oo e LIS op o, Provdsion i alse made o coable DATO o perationg on tha b s thal
arsywees iy be Lo Dok in core, This foaturi s noc oeed2d do e ELS cprion.

. d DETATLED BLOCK TITAGTEAK DISCUSSI0MN

The tese-ipticnd o thin peragraph are iteaded to sopplement those in lurigran? L4 L, The deLiled bingl, Jizerne
for the KE1L-E and KE!-F are shown on drawiings KELL-E-BL ard KRR N, resptively, Thete Woek g
have heen arrnagad sach chet the inpurs andl captpats mgocie the ol s topeds o the T LA Wone dizgrans in
drawing KT 1-A-EBD. Note 1hat cuch Block combinos g Jdminwiv e uesber oo which the Ingic vay he Taond, eg, the
BR. Rpisoor iz found oo doredng K2 of the L% schamal’es.

Az dhown on KEIL-E-ED, dic optier. i fod from lhe processor DMUX ondpuz. This iz se dlrzetly to the BR
Roglstervimoagh which all dots to bosh ophons 35 fod.

The twiiput ol the 1L Megisler fpls e TTE WITE 2nd the THR Rogstor. Al L0 hitz of the BE 2o ta the DR orilz
bt (OF 0 o B e oo A esploned cadicr, BRGES:001 zan be shifted lot: one position and fzd to the BD
MUK will e 15 o0 the DR o oo Lhe oo Riv position. BRITS:000 b5 alao soat oft the pinge o thes 1118 leck
dagian, s s TREIEONE Bl ”T WU e selezied bar eombinazions of SROML ard SEDMD, twa bits in -l LIS
welemivn o7 P O wand, Ttz o wtpral Feeds a T4HOL deiver which is in ter coubled by STFI.D"nI:lJII L ey
heing, 1w BRI Teld o 2he crteisn RO ward. When asscrocd. s dutu is coubizd o, o 1ta BUS B itom the RD
MK,
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The CCLTMT. f2d be MU" £, i oused in huath the KELL-E 2od K111, Love cownier is lnaalad Ty 1T COURT L
and 2 Zeciced oy CLE COURT EL 1T i ased Looresr whiether or oot the courd i el o 0, theszhy keapa:g rack of
where the cperation i ina op,

The PPN W0 Do i used to compils e ool condinon vodes (LEPS mesns Raternil Possoe Siatus) for
trumsmis-iun bawl o the Procoasor Slitus Wore vin v W M at the eonclusion o) sush iosirgsiio, Aainkcdi
aincul (K_u.w TNH T3 CLE (1) L) is ulso genezaisd 31 1his rime ther proveats dlesking <oy «tber bl im Lha hase
maikime stuus, Tn e casz of an a3omed josloactiom, Whese hors are not tonstarad but cither zre -lonsl izre fol
infosmuticm sfer servicne the short. This lemes e hagic mediors conditior rede mioeched as Pucher
inlonlinn i zereene the aaort, )

The ATTRILIARY B0 CONTROL .00k veazizs of sone soonhisztional logic thae laoks ata gonessl purpaaz sode
COR0=2) and ohe dzeodine of the MUL and BLY Sostrectiore o Jesd BSATIR 00 hack oo thz prosessas. Thase are
aziecl hurs &on7 e 090 hase moshine's ALL i o moliplaae- smaowhich e ROM Intsaze alzn zent. When seleeted,
thiz avxilizir combirotional Yogic epluca: BOBM wosd contral of e ATIL s the add. subtiaz, or sorsolt
throuel operations to br vootroiled by special consliliomes during, the muoloplr 293 divd s iascnzetions.

The oo CLOCE UMARTE GGATES iz shown to dadics e et 4, T2 and T3 from the Basis machine oo wsed boogie
inrecnal coqsdilivms when generating the Slecking sigrad: M the varicus registers in e eplion,

The LLIH WU Box s = moltiplexst el looks al § EUEF bite in the wxleruded ROM wacd. Thee: bite serve
SGrmi ot Dnaetion e the FUE it in the [1 mde reeehine ROM word, Thoy aee wsed Tor micoehranch tezcog within (he
ppliver, Whan jost the E1S bs dmstalled, ovly & hits ave 1s2d wish the 54 hil ; pillzd wp, When the FI1IS opfion
el llecl, all § hits 2cc uscd. Sipnels LLIEL[=1. w}harz seat hack 10 the busiv mpshine “far hraneh control,

The bex macke] L WONE s CINTROL RO stand s for the BR1T-R U Word Cantzol BOM, cumptising 256 wirds ¥
A0 Bits, D5 oalpun Teeits 2 KFL-E U WORD BUGHsder, which is 24 Bits widz, with thy LLS 12OM Ll (his 57

Hhpcuzh #8), The lower 26 Bits atc sent buck fo tee KIR1-4 17 Word Registor (K3] cver PUY Laal. This = actosily

g s vings n Lhe TRI-E U Wood some of The bits are wged we drivs twa it beck oo cie basi; mnachine. The BUS
o35 o weired 431 e the CFT ROM. outpur, Lishl bag (15005 Il{l'r 200 2re sone back e the Micnepra Arazm Paintzr
Feemisier in g prowesson fon Teeding e KD 1-4 U fonl Contmi TOM.

‘Thare are eight non-doghicared ROM bits G are baridwarz driven. They muy be congidered as wirs{1Red with the
2 o, Moz caat they are mor ROM bils S ralles cpon-collactor mtes, :

ke FT8 Black disgrum on desing KE11-F-BD coatains ol that veas con: airenl un the FIE kined ﬂljg_rﬁ"l'l [l ﬂ 2
Bt we res rAprECRTEESLS FoT the B opliom, The BIS deseriptions will nol be repeated hers,

A shown, BRSO are sed to foed both the SR Regisrer and the KAR Teooizrer. Bach ace clockend o
PIPI+P2H. This lock sorres o the BIS baamd and i alwata presanl al Bath regizeers. Ir i@ noc oitiecive, huwﬁ’-'dl
wntil & comster is selecied by s2lzes bite pensroted in iz FIS ROM Register. The same iz toue of fhe MSKR Reglster
oo pt that sw ad ditisna’ s2lect bit is aquire® o anakle this register,

Borh the 1514 arnd $1RT Regictrva focd (ke VRIZPMT which is similar i ope ation te e RO LS i Lhe BIS. BITS
B is ol witle eizlier EOSEY L5000 straigl -thooaply with the $STE 2000 smuighil-thavnzks wilh the aoput foom e
Ubil comssind geneiar; or il owill asemhlz the LESUNY ha {whuch iz tae sign biad willi the §-hit cxponent tizl]
(LME(O7 00 and with the bigh 7 hits of 002 mantise (RRCOGODR. all of whivy const itz the high answas Tuzm g
Huating spesaiann. _
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The output froem e FRT MUY iz fod thvomey o goalled drives simiias to 2w drivers for the BlE oztion, Lo thds
case, 7 peciinl erahie is rnvided CBTEEDMCL R Lhal v eailed pn For o nh flosting nstractions, The U3 MUA box
i 2o &1 brovch vonliplessr that controg BLBCT for the FES opiations. When erablzg, T disobles Iie counterpart
i the U1& aption crd sfloom this mulidplzxet oot kil | of the ROM addros.

The KU1 L %o Cosibend ROM (250 wronds 208 hils) provitles the addicinnal axeznsios of the mLaesisnuetion
warrd for oz VIS aplion, 10 it Faees the poosesior Juli path wrpd conbral onsirilo Faghion toothe TEOM o the ETR
cpti. Thiz RO is addues=d &y wather burteoed verden of (he Micoprogron Toisier (BUFREE 0T ather 1149
Clhe [E'[]'FP(_E;D)} wscE fu- e FTS TEORE. Thia BROM f2eds cood-hin wide L Wond Fepiz ler <amidlar G Lh= TrgisI R I_L"i!‘.'.l
in e BTA. '

¢4 1IMIEEFACK

The KELE-L Oprivn {7238 aduled and the EELL-F Option (M 7252 meslul=] boch ivcerace the KD - Cone
Treopeasar via medale sluts in whe KT 1A (A=F2 for the EL11-L 2ol A- 1] dor The KR1-F L T addition thees: (33
“over-thohack™ cabley fom the M58 cdulc (BTS) connoct the $-pin Beog connoeclurs on the MT232 (TTWord)
mnilde 3r Tocetion A—D3, Lhese cables wire-0R the oatpuee of the “maio™ KLLL-4 20 with the “uexilize™
KETI-Fand!or KELL-F ROBs, :

The EEIL-E recoivas duta from the KO1-A wa DRI T5:000H. The EELI-F, o, receaes data fiom the
EF(l-E. Data iz returrad Erom both opuoss over e wirg-0Red has 513 TROK 50810,

Whea e Kiii-Eofs dnsmallzd, Il on che prossisiuy mcwlule 7253 {]R DECODNT 3i loeuticn A 15 -l he
semered, Wieen the BFICF iz ingalod, jumpers W1, W3, and W3 o the BIS aption monet ulso be removed. For o
informse e nninalla toa. retor o Patustueh 560

Whe- zither the EELL-LG o EE7 120 sre i nporation. the KDL1-A BCMs oo disibled avd Bork e KT -4 and the
nzrtions are cortpelad b the aolises ROMa, The proecisor f2oches Soelrnctions front ol and dezodea them. 4t the
iretiuetian cortuios o peserved ende the ETRLL-A BOB adadress hil UFPPS i set when BUT{INSTER 17 io the bisic
PIES 1K) ROM Sow 5:oaseomed. Tha gacting of UPPS Dbz the KOK: 0 the T Wod (M7232) module uod
elizhlzs e duxiliacy BOM: mo The F1S nodde {72358 ).

The KELL-L dees anocher Jecinde ol the instintetion, ang i7 thz iostyeeiioon is io the E3E or B4 (M anmalled b geonp, i
will breocl to the spesilied addiess caewatina. 1F the jnstoeesion does oot Gl wilhiv thase gronps, mzin ROM
address UPPE i cleims, thos dizabling Lhe oprioa ROMs ard 1e-coablioe the KD 124 KOMs The BTG -4 ail! thea
exzote & cosotved imelraction bap. This sequeree of ovenes cun be followsd by Ircing wards FETO3, FETOE. and
FETQ5 o the KB11-4 Mo and wand BIG on the KELL-E SJows, This Move weguenes is described in more dztail in
Paragrapls 4.7.2 a0d 4.7 0, '

The inte:Tacing senals betwera the KIF1TFT and the BT L-A are showo in e 4-2 aril Jisted with Theis
detinilions in Tagle -1,
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Tahie 4-1
KELL-EFED LA Liuterface

Signal Fafinitioe
A0 EE Bir 0 outpam Erows che CFU ALU, usad to shuft inta the AR Begista.
B151) 11 Bir i3 from tha CPL E Bomstor,

[t BDES:O0p L

COUT1IE

DAKSY T
MI{H

D 15:00=0 B
BT 5000 H
P10 H
L&LE U L

BUS L56:00) L

FCOmL 2RI
FrOM L 280

FAMLCTE

LSALLS:0p L

gixteen lines ower which dela is sronsterccd from the KELL-E'F ta the CPIOL A
wize-UFad bus,

The wiry anal [zomm hil 'I-:i -:'-f'.lhrﬁ CLALLL

Hils 3 aonl 2ol the CPU ALY coile Sesd Alows opeion paxilinry cupszol of the CFU
AL maidier Vo dizec L CR IR -AY DR comin: ), .

Bl 1% froon the CTUT 03 Register, Laed in the bomch Lab)e.

A sigaal Tecaa the CFED whieh indicares when the CFIT T Rapisler is ecpzal 1o A1 The
veulranl malpos Toon e tioesz] Togie I’l’.!'lfl‘:- KIED) i owwen? un Lhe hrimeh
ROCTEI2=0] :

SBiciper limes Trom the UM oeer .-.lhl halir A rrarferreel o I_|' KIs11-1 BR Reisles,
i hare, il s el Ly the I:-.I 11- J, .J.'hr-n e Leiled,

A exlemal @irce<ine drem clhe opuaden v kit 0 ed che CPLY AL This s the sional ling
fromn which He jumper is reomoved oathe 7233 modale when dhe 215 ic inacalled.

A ploek prlss froam the CPU thac ia gaced with 2n cnabls 10 generote the U Repisoor
ok tor tha LS aod FLE,

Fifty-aix. ROM putpot Loes that wire-0R the option’ ROM ootpoc: wiih the KT -4
RO outputs corer thocs 40-pin Bees cornectors an the back of the medule. Wate chat
the oprion RO alomye coatoels The tase machking odwe: accratad. The Beigmachin:
oM aover eontrols the opticn, '

“Ralemmal Ciree-Cul Mux Selea™ Do sipmly wooce CPU e slow (he q;pliur- to
vertrial L sasmy-oun me LHplexer ol 0ae ORI dale o,

Eatzowal W Cloc ™ A zignal Trorn s aplicn that clivss clocksnge ol the CT
P Mag evwl BE Tag, ard Sleas she CPFTT BESY Mag ao Gl KERs mey como- darins
1hz RIS and Fl5 oratructicns.

“Lalamnal Selpcl ALLY Bour sivneds o he OPL char alow the KELL-L auxdlinns
ALD wegped to o spediiy whal mdlhmells Doecltion o peclucm, Leaed only in speciui
sitigrory suvh oo loeps dueingg whizh wcoeecial concml eopaedad. Nocmadlby s ALL g
conreland by GV FAOM weord i which casy the LB Beads bBits dirvctby e e
CEPLULE Bl ey For AL vonipel-

o



Taive 4-F (Cont)
KEI]-E/T/KIrL1-A Inrerface

Sigeal

Drefinirion

FITRC4: 13 L

RITECE L

ELFFIT-0H i

EXT PCLE VREAFT.

THILPSCLK A L.

IR 33
IRii4:17)=T 11
TR(ELOTW v

CTR{0S:0FK LI

(FLPZ 251

Fool I* ENE T

PCLRE TCFPEH

PENDH

Lx sigouls 1 wre OO i mag nndifsr th hase ROM addicss when a branch iost s
corcuted, Wheen avoadfresis boght oo of the RO, ie., 100, s & lowor bits of
this addzesy weeh] be O, Uhe LTS woed O 85 inrc any of Rl 04001 w0 mn:.d-.'r thar
bosc addoess, Mete, B 0400 are Lhe only Fees availibia fooomcdiGezoion by the B15.

A s L oe CPLE i ds eseelially the seserved instouacon gated bock to the CFLL
Waen b, 5l ased i calz, cauzing the ROM address his TPPE to ba clockad <1,
thereiy Fsabling (ke (DT O 30d cnakline the KEE1-E '?.DM YWhooewor LITE 35
clovke] alier o=, il cleas, 1zversing the eaaditions.

Riglt signals o the opron lich spocicy the ROM addoes coreeviiy in ths TPT
Ragistes. TPPE fontrois which KO is coabied while of1s 0ameanl whech adilres is
in thz ROM. In the CPU. addvesses parze foom 4 on AFT im0 e akiliary, they rangs
Tronn 400 po FTT, Thds is peonuse of biv A, Addvess 060 s acboaile b I."' iide the
RO with Bt 8 briog (s ehabog fur e KR

A signsl oo v CPL that adlawes Lhe apsins e clzar e CFIT crap Mag on 2 cesereed
instruction that the ophien s deced 23 - being eicier an BIS or FIS i< toaetion.

A signal to the CPL chag inhibies clocking md CP0 <L Bils (07060 Thes zignal
alloows the imoditieation of D ™, £, W, and © L in b wond by comparabce bits 2n
the opon BPS Realster bug prorats the priocive bivs alreacds residznt in the Teazesson
Atahz Word. IFthe KT11-0 Memwosy Muze gement L i< alancinstallad, this signe alsa
chebits lzcking of Bitz (LF:12) in the CLUV stalus as well Tarncl clockaog only of
O stzis hits 03 :000. '

Salexed aim end condmions of 1he LR Wegisewer ibon ore asal o deesle whechar ar nat
e resanved insczetion iz ccally an L5 oz LBS insdoactize. 8l 0, T amd 2 are nal
eivanilia [ Lhig deeoding proees:: :

Thres clock pulses frora e G Wal are =aler] sl eabling <enals fom the ROM
wirrd TT Regiztor wo ronisaie 2 wacs clockiog sigeals Toe e registers and Cip-Ne)s
in the G prtione.

A zpnad Sromm ke CPL '\-:rlf.'| ed s Dmctiza of the BT pdse Tne carcla “zagth 2oand
owels 1n:ng_1]' 3oL ds sl e 1 et .

" 5'_:_!'|.;J_ freevn the vglicn iz clocks ROM address hit UFFE\ in thz CPL. T.LIE- E-JI,.'I.?J.
pesall~ irore [ BN (deaciibod Dbeiow]l pated erich CLOCE UFPE, bit &4 of the LIS
B weeml. Cnce Gz option & aziee, by owriue of UPPS havics Bern ael, wsseriing
CLOCK TP in the ROM wAill result in chis sipaal ovldch, o towa, il dissdiz e
ppline B0 amel enahie che CPIROM.

& sl From e P I i el 10 [T i=FI+P3} Thia is ez cnd polze ingach cvcle
Iemuch, Lina wvcle lergh I it Trgina crele teagth 2, iz B2 o a ovele lznetk 3,0t s
PR, even g a T2 e s,

=t T i ma
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Tabie 4-1 (Cant}
EE:l-EFIKDIL-A Interface

" Gijmpazd . Dcfinition
AV IMETRE L A signeal e the apron that indiczres that the CRL i reichal ¢ cesersed fnscnelon

oty ol That the instiietcon may be ao B8 ox FIS. This stanal 3 used ui dina geied
witk: EEJTHE H o wield BURCE -ics::r_i’u—_;"l:'l abovg,

RUOT 3T H A sigrad Froen chie CPUT which whicn maoed with PART P END prodace the wdprad T

"CIK T H.
CUEBLS L | a A signal from BIS 1o CPU Cher iz uasd :l;'\l.ll'llll.‘lirf the hase TROM addiess on hranch
' testa. '
CLE {1 H A sipal frown the CPU fo LIS whizh is nsad o enable clockitg the ARG flip-tlop.

4.5 RO PROGRAMMING PILLLOSOPEY

The FDP-11/40 Ew-lerm, irel comseeuently the KE 11-E and KE11-F Option:, nses ke principlz of iead-enly-mcmors
{ROM) mircopnusrnening iv Ui hagoe seghitectars, The vee of this lacimicgee drastizatly -edocss the e rame 1tz
tor discretz commbinaiung lugie aoad —ezuls inos spstem that e cusicr to uodezslaod amd e,

Io Nithacle cemyenlional processos design, 2och control signal was The oulpel ol a conhivaciodl eeraock Dhar
goterted &l 1he minchine stalzs and conditionz for shicly the sipnel showhl by pseste]. The nachve staie represented
the contents ui g number ol <iue alemoes feg,, lipdlepap that had Boen laoded froen sigoals thad seere, inoar,
e oulputs of elber comnbiraiisna metwaria. Theee ourputs wone bisel oo sues condilions as caealr stae. scrsed
fatecnil comdilions, aml sereed exiernat condibons, Altbowsh ooy comss the ooonber of hgical glemaars eouid be
reduced by skaging ouiput. of aeiworks, theehy rodoeing the sze vl the procesor, Lhis uiles iweased the
camploxicy of she machine ol the Jifidcelly moviaintaieiag i

In the FDP-L 140 Syetom, howaver, the principle ol micigrozammead control 223 been impleneer e i which e

- wations eantia] gignas sre stored Mo welfcundined BOM al tine of manefazowre. This storape 3 sepond s (rom L

dita auerags clement. Sines cacl osolro) sl v be |.'A.‘:1r||5||—_"1.-;-"|j.' delined it iz valee is known tur eash mashive
state, the ROM becomes the frmetion pensratur divided inls words, Thers iz a word tor such rochine sigty aml for
cazh funetional srep of all opersvions, Fach wird condans a lal Foe every ponteel sizoul, Dusdng vach machivs ke
the eontenzz of fhe corrzspooding wond o the ROM ars haamitted on the coateol lnes, Lot mosl oo Erol <eials,
e oarpoc of tae BOM & the comerol sivnal umel e acklitivmal legic s 1aquive.

The two tosis of & sequenss control secdon nre 1o selecl 52 wer machine staoe, snd o provics oduomilien aloo
the cureent machune staty [ e Sanesion seaegmalor. The only information thet the fouociioo geoemicr oo
microprozammed procsssur equires i whizh wonl o e as control sigrals. The seqraence contred thet migralyr
suppiics au oddress [ seles s The coerect wend, The segusnes contoo] mease ubao select The pdd ress ) whe e word
to griemine te mnchine slul2 se e,

Eavupse tie nexl wachine slate 2 deteomiazd in opars by the cumen! recchene sk=ia, iafnonatior. 5 arered noche
micreprozmem el wils i the selactiog of e voxe steoe. Inoo BUB progromned devicz, e thicicprogram eard
eontuing the voaliel sl vaanes aad e sddress aad sensng sooasl i fimce oo eguicsd iy e mize progam
addross avoeoy en o, Ths, Dhis ogz Tunzreons a2 the scquones coniys.

Q0



a5 TOMTEROL oM

The ERII-E cantice] REME orood coosddds of 238 30 B bit words, The BRI L-F control RO camprizse 230 % 8 i |
wards. In the TIS. 24 ROK bits aze et De coedeol Uhe ERVE-R g2l wdole 44 hita aczpeede eatral 47 of the 56 bits
a e CPUT ROM woend, The remmaiming ¥ bits ol e OP ROM word as aot wrilized by the KEL 1-E ar BELL-F aud
aré driven Iow when the aplicn: ans ensblal Che wdpoks of the T and deiver that duplicatz the CPU REOM tiis
are e ECd o the ooipure of the CPLY My,

The low ewhi s of sach RO word sgecifies the next addross of the mivroprogmaen. e siomalle Whers mar be &
desire 10 Tanch o one af sevoral possible rricTironres Based upon cerain condiions, the branch oy e eilecied
e execaliog @ Fianch Wicro-Tost {BUT) otes the desieed condition. I o condition 3 mel, 1he hase addiess
spreifind by e ROM will be modificd Yy g o (Hp ol @ (00 hit of the addoess aod the misaprogran will
aranch o ihe modifled address. 1F the branch condition is aot met, the noet addnes oL be G gne speciliad by the
vomnl ol TR, .

Cerliin condilions Gy cose the iciopromam 1o jum fo a specific BOW address, chus abortiog ibe oo
mdcoullnw. Che jirn nmpy e cauged by a buz datw timeoul or enomhd sudress 2ecor oecioing on o tos duia sy, &
el moas seck oo Mipw 2eroe w11l alsn canss the jam, .

46,1 H.[Illl-.-l RO Yokl

Th: _hJ_"' 114 'ﬂl:_'jh'f milerainstrweeing et is <Fiamwn i T LA 43 nind desuribasd in ,',.II'I B dad, "I.!II‘II.TIl_l'.:l'I much of
Ihis iofowsaation i Incleded in the SO0 2o M fpadre: Maugd, it is copaited hepe Qo clarily wnd also to.permit
special reference as segarde the KU11-L eral KRR (hatione. Roferenes i ko e us d-awing KDL 1-A-800 shrel
Z ool 2 Fop muecne infarmdtion and tabulac dabo mel included i Figase 4-3. '

d.4.2 KEIL-E/F ROM Word

The KF!] E'F ROM micsoinsszacion Jormal is shorwn in Figase 44 and dezeribied 3o Table &3, Mol thal this iz an
cutengion of the besic KDL1-4 forms. shown iv Fieura 4-3 and deseribed in Table 42, The oplion RO doplicare -
all hits shown for the basic ROM i addilion. lu geamating thess hita. Refreonce i also mads o oJrrving KE11-E-BT,

ghoet 2 of 2 for r_'|,r_:-j:[' informa tion aod bl Jats ool ncluded ia Pigoee 54,

In Bt the Gigoure @nd the drawing, $he hits arc reproseried Dlenlicelly o tha repnaser tation For the groccssor. Motz
Jhad o Lhe tome bt drawing, the moasmeonis for the field is given whil2 e nnzmnnnies below that de the bit
io thut fiehl, Por example, the field FUR containg bits ELBEY I 0] it stales rapaasant 2n oatal namber aporazing
in the uwe dingrames, Befer in word BI0 on the BIS flows, drawing £211-1007, shesU 1 of 5. Toore thae far 3 branch
maicrotest o Lxlerded [NSTHuction 1 BUR owst cqual 17

A ling sinter primtout showdig L the ugtal values o] each fsld of crery ROBM wond dndee fows hos been smide part
of the paint aot, A porliop of {he st page of 1his piataot = dhomen in Figuees $-5 ond 26, with i legene] doowicl i
Shair use. Arrangzment is By U Wonl Adidress inonoiarat arder. More thet the sdiress i e Besie addres ad dnes
nct inhcinde the 400 atfser, cag, @ Likurs 425, ¥R an F6 Jizea the sddrzss as 140 bus in Ly o 35 shuown s
S0 This helds for all addresse: in Uiy prininnl, as they epresent anly che satss of KOM bigs Jucine an T35 02 TS
natiactinn. Figure -0 gives 1he U5/ G1S 1400 winils, while Fipnes 45 ligts the O 1-4 OB worbs as genwr itz |y
(e BIS and FIS. Figeee 446 is vha axteredon elol Figurse 4-5
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Tuhle daX

DA BOM Woend

Hit N, Tl [5] Definitiog

(Wexf 1YH} Mncmonis - Mnemoic

(071000 LF¥ WP s Rigat ks ileae wield tht 256 buaic Locatiens, Motz thot thay
desigrate ke wexe unmodified addresm of  next
rrerodzsirog Lo in tha Jinw, Wodificd az a sosal of abranch
tesl,

11K LFF& Mote, this is hurdware, nal in EEIM. Wlen cl2ar, enahles hasic
oachine BOM, When sel, disthles iwsis wackiog RO and
saables the eption: KOMs, Covtrals which BOR sl conrol
the basie machine,

{12:0y TR WIFx Rogistzr Enunediace Ficld, Foovides the sdures ol Lhe isleroal
ragisners, In conjunstion with 2 b0 dn de SRX fihd, thess d
hors promnds L6 pozsible addrvsses o seles, ooe of the general
T e

(16213} sHX aRT Sclear Repimer levoedinbe, Wowen sei, deseraies Lhe TETF Sics
az the addross of the scrufch ol

SREA Allows BA(DZ:O0 to be ceed on sooree of gecerdl egister
adriess,

SRD Belesi Fevis e Destinaliog. sz the destinacion fizld of the
frsdrne nne TREN20000 tn Rzleet che Scratch Pad Reaisicr ina
cleiistican 2ddizss calculation.

bAkE Saoleer Replstor Souzar. Uecs the soeree eld ol e dnslrnstion
TREOE 000 1o solocs e geoerul repisier bo e sl

: HNOTE :
The RIF fierlgl is 4 1hls wile and the 3HEA enahlza 4 bits o the
BAL Thewtore, thesw functiung can acceds sll 16 registers, The
BRD und SHS  bits, howevet, wisbfe only 3 bits each;
thorefome, Chese Fumgplinoms o dcces onby e lower B remsters,

(20 TUBF T LBix fhe prizeobanch Meld, Aliows micsobrarch sondicoms 1o e
tesiemd suocrest sddress can be moditied. This ficld is roc naed
by the ET& o7 BTS. Ses ETTR fi2ld 0 Tebls 4-30

Tl E.EA. ) SEak Selwcl IR o Selecis somos ul it 1o Bus Addross Mux,

. gither via HLIS T o0 via the ALTL

(25:33) “STIn Sk Select [T Belects TOWITTR inpor whether T R‘.@ELM
slraighl Throasgh, the BT e, T Regizeer shitted dght, or tha
Unibus. This Dunznigan 5 0acd grimardiy in the bosic machboe,
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{ulde 4-X (Conty
KD -4 RO Woed

Tt Mo, Field Bit Detmitivg

(Ll 1)L1) Miresnonic Mnemwnic -

(2615 SBM SHMHY aad Sclects inpel W high sale of BMLT.

: - SHMTa Exlec.x impot iar bow side of BMU Cootrol: the tweo 8-b3
beves of e BMUTY rdepondeatly. The BAUX can Laad e D
Ecoisler sinceht Unengh dnea che ALl loed & conslens inil
the ALLL wpan the two Talvea, o cxtend bit 7 of Lthe #
Exc:ler inln the wppor bete and bond the Lower byle with 7is
sion ewherudei into fhe uppor bye. I wdditiom, ane
prpbinationt ol Mz can b necd and aoe asad by LY ard FES
I_1|_'II:'TH|.iII1I?i.

(3220 SHC SECx Select 8 Cusstovr. Allows microproerum (0 spacity une ol 15

: vonsinls Jo b hisded icrn B TR of the AL «ia the 32U

[A7-33) JALL SATAM and EIZJI:C'I; ALL monde Cecifonelie o ngloal).

: SALIT Sclect AL operaddon Guld, sublier, O, AN, ctej. Thore
arz Lo opersdions fur each miode.

(410;5%) SPE Bl5x Sclest Frocossor Seecus, Usmirols hading and ciocking of che
PEW. Varicws cowmbinaiions of thewe 3 fiss parfonm asparots
wpardtiong 01 the PSY, Soc lehle on ereiveering diawing.

{44:41} AT DA I¥igrete Alieration of Data, Alows micsmregmon b alus

' operatnn of tho datd path, For sampie, allows checking for
slack cverfme ducna & daty cvele, o0 alls eescution of a1
add sfdzess, or zontral of the ALLL by soonegilinyr uredion
iather than dircoile, cle,

[47:45) RTJE Rus Contrel Bite,

JEeJLE LY Becin Bus. When sel, permits TIATL DATIPE, DATS, or
DATOR. depending g :efling of C1 BLS and €0 O,
When cleural, s AWHRY (Await Buz Busyl or westarl om
peoiphienas ralense, depending cpén serting of C1 or G /715,
CIBLS und Unibis enatie] bits which . perictm e siordard PTP-| L
COBLS Lumtisme in enmjunetioa with BOOUG bit,

18 Cfin - CLEBA Clewsk s Atdress, Dared to aloek the Buy Addrass,

0 1) CLED Cleak B3 Tegtarer. Alloas clockiog ALL dnle 1.

50 Ch CLET . Cloele B Register. Allows clocking DMIUTX fnoe B

152:51) Wik WEL amd Write erahizs for the venel tegisier-. G enables the Jow By

. : WEEY of the IPATX 0 be writicr. 10U erahles the high bete 4o Be

wrilter, ardl [ zaahle: boch beley b he werilles,

4-14
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clogked o e TR,

ClIR 'LELR Cleck the Tnstweuon Registzr. Allosrs Unibus dara e be

(536:534) LLh L LRI T Clock O, When asserred. allows merapragaar o shud ol

preessne elnek.

CTEY and Clegk fength corceol. 03 o Ol énzblzs o oyvele Toagth 1. LD
CLE enables a oyele length 2and 11 4 cvele Jengch 3.
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Tahle 4-3

ET-EF Lo Wond
LT Ficld Bid LheAmmitivom
(Uss{13H) Musernouie Mawemani:
57 COE I KRR Enzbling sirmal ot the R Hegisler clnck.
(Aal:38) Ll FIIRFx Lixreroul Micrubranen Figld - Allowa extendsd miccotmnch
condivion ta he reslad,
(63:62) kT FONT 2nd Laoad Counder,
FENT Epubpe Coomeer Allows loadig and crabling of coender 5
thk it e coa g dosi.
o4 FF CLK UPP4 Lleck Faepaungion Enaile. Ensbles clocidior of LR o disaile
ewpminsinn RO and saable Basic KOM,
(67557 nPC LI Genzrd Fuipnze Code — Decodes seldom e ormead Macnons
. (i Lubl2 it Cigonzering drawing b,
{70 GE} o CLKE MZ Cowk 1he ¥ and £ hits jo the Lxtemal Processor Staius
[Fewisier. In (e opoion, Both are dlocked simullimeondy.
CLEY | Ok (he ¥ bat in the BFS.
CLEC Clock e £ hitin the EPS,
{72:71) [ 0 SR ZMx W 7 Wdriplexer Select - Contenl the wonres of data for theas
1o EPS Bits {32,
l".'ﬁ-.“?i.{] CWVH Sl.ff."pfm:-: Tw Multiplexer Sele:t Cunlral “:he_ somoe of dat.a for thcaz
. oo EPS bits 180V, :
(77:78) L IMRMx Selezl LHE Regisler - Coirol whether the DR Beapisler will
Lo, <hil. mggha b, shidt lefe, sr do modidog.
[T9:TE SEN SRDM Bclert HAY Muliiplessr --'S-:I-:m which aouzc: wili he |__-,.'-|ll:d
cur oonge e 150k s,
a0 L2k STRDNM Srrole B Melligpexner — While the S0 determines whol dat
will b put on BTS RD-. thic bit coubles the doivers Lo L s
arnl acloadly gates the data to BUS K1, ’
- MFIh
The Tollowing simle arc ivailable only whin tle KELI-F is
installed. )
gl FID STFRLM- Ftrabe Flootiog FO Multiplessc Parlunng the same Faneron

at the ERDr docs in e LIS oprion.




Tahle 4-3 ¢Ciont)

KET1E'F ROM Word
sitNo. | Ficd il Definition
Mex{ 3R] | Monoonic Mnemonic
(4437 MIIE ' RS Lelact MER Ropistor — 1z geoed with the Shist 11SE Boegister
SHERx® hits to cnable the semc tuaction noocwe MiKE Hosister us
aelected for the LIBE Kamstzr The % bits delecmine whelher
the HAR {and M5R when selectad) will shift Ieft, shift righ,

Toad. o nn np.

b K] UL, RIMHF4

Fxtension of EUER £i01d in CLS, providing the sddicional 2ninsh
terts Fos FIS eption. Whon asserocd. it disphies e L bl
muakiplezer in the BLS and coohies a similac mulliplesst i che
FIS o control the low bt of KOBM sddres molificeion.
Thore ars aix ste with this function, scz table vo @ppinaening
[ drowirg.

IRTELApS o=

—_—

He FCI | FCIEDS Thiz replaces the 1C1 bil oo the basis michine. Mole (bt in
the EIS no DATOS are raquiesd sines wathing is <inred Fack
joto core. Thiz snables che TS te do o LWATO For wriling
ansaers buck into vor.

(55:47) CON 0Ny Conzlants desline hils S b le on enginezring dinwring.

4.7 FLOW DTAGRAM THSCUSSTON

The Mow digeran in convenoang eompoier desgn fee alwovd poved o mejor sele o ce woderdamlng of Lhe
ppuratinr of The equignnent. To g in & sones £ 5oad map of opotion guiding the ceader frem ooe wwerl g ihe nex)
feant npon sets of dnbavaning conditions. Tr the POP-1 1040 Syatem, hovever, the flow diezrem plins o mowih mone
impurtiml pala Uan before scz 1 ties the ogorations to the nwjor sequencing devies in the machine, e 120,
Iraloed, wedesstanding e Sow iz 2 major plerequisite for the vndecstandiog, of the KL -5 omed KEV1LF Oplions.

Gzenne nf the added responsiblicy Wnrcingie to this portien of the desnmnmegnbicinn, sore changas ave beed madz o
the canveatlenal fow disprem svrhology to socomumeditz the atded Tumstinns i serves, Toothes paraeraph, these
new conventions are discnsesd snd cxplaingd, Lo addition, cepressnamlive cpeneiinng ae Wollowed Bwowgh the Jows
s that, once familise wich the proendors, duc teader i Ddlew sne opartion taeagh Troan s initistion
canploninn. '

.70 Symbeulogry of Lhe: Flows

Vigure 4-7 Jinalines the cotamon draseng 2onvensions used i both the D734 and KEE RSB Daow disgrams.
Creoeras Tl is froen Lop L hotwem ondess further continmnion s requined, in which e il is carried Loothe wepoof
e i pe helire continuing.

Yhrizeanal Mow is indicated znd Timied by tha discction of the amow an i s, Braoching Do is dickoed by dhe
prevailing, conditions that wault from the baaoch test, The eonditions tur che Sranch are itulicaled e the cght of
gnch Tranch Mow, For the mes* pace, to the deares possbig, The bounshes have o prndise with e hiehess peiarits to
the l27t and the Jowmear to the sight. A double squipwsy ling in M line dralicates Pea s dime delay s
e parieneed hefore continuing.
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Fizurs 5-7  Flowr Diagram Coaveniions .

Failre intn the Aow is indivstel by a lozenge (zlipsed womtaining the vame of th vperation o he performed ia the
Hovo, A clecinal monsber in ];.;nn__umh.gqm above Tnis indiciner trlers By (e number of the s from which Lhe Dow
ariere, T Balc inamnces. s is acenmpanied by @ deseriplion of the Jows i they ume fur o differenl picse of
erquign et than that deseri b by the flowr pagz.

“Lach <lep ol the sequence & despminled by Ue Flow 3tep Blodk, which conlain gillier e ne Hires davsions, The

tup divigien contaios 2 genenl descriplion of the sctier taken by ths step, wilh a deseiption of what iz displayed on
the caranie within a furifer spbslivision of that area, This detw is visille valy i maioenanes ciacc mode .

Tha seeand division of the Flow St2p Rlack conruins 4 dr-:rnpll-:m ol Lhe actions IEJ':-.,H by thet swp io 151 mitatiun,
Thig ia preceded by fhe cycke lengtl for the action exprssed by ithes TP, P2, ar P2

Tlhe third divition uf the Bluck does not alwmyvs appezr- L is s21 aside to indicate that a bruach st is Lo fe wids and
axpwiasgze that tewr in moermie o, This Blogk oceors in all vuses teao werds prior fo the breochiog puint..

The eral munber at éhe wppes right-hand comner of the bleck indicates the Wicro-Word Address o thal wead i the
AL

Tiw mombar et che dower rightdiand eorper af the block « given only when brunch esls ore 11|.|-.1.-E Tt indlcaces the
hage RO addecss for (b beaneh Refoe mediticigdon by the lnanchiog mndu-:u.c.:



Bt stoem 1R e B dndiceted by o dignwessd coausadrdng the reme-noni2 ased o0 the entee poiet of the deszinaticn:. A
docimal nober witkin pareothaases Lelow e diserar o dmlFiles the pagz v of thal cacnualion. An netal
ranbor uppeiring bolow this pare nomber Cesipmedes the aldress of the roicroprigess cenlinaation.

Reoforeness 1o owizs uo e How shes s silher given within Wi seseal descipian aubdaesion of the Atzp Block or
arc Located 1o the mighe of the Bluck oppusiie the subdesisn Thal ey ilhosinale.

The avabalopy used in the oporeoer division of cocl boock folloes the suovention of B3P acbaliom as defizml i Lhe
Appendiz af the PRE-TTM0 Procersor Haedbook, 1972, To supplezoent ks dncoroedor, o ew esinaples ol e
MRE COMmEex statcrcens are piven und desvidbed bere, rom e sovoees, The mnger cinsdesiphes ang sialement m
the: flomez. :

The e ol the back arroar 0600, 0 datn trmsineslen operzicr, B shown at word E12 o pagc 1 af the P1G o
T,

LRI

Basicaly, this means that the TPPE bit in the bugic mocine is clearcd, Thers aoe sevemal wines of staling thi- swh as
T wets 07 or "0 is sxnt o TPPE.”

Brackets arc used to forther defing o quamtiry i ok stalerean. Mot axanple, at woond A2 on page 2 of the FIS
dlows, the flowing stotamanl i vsed

T2 TEjld)
Tha mezns thaz at time P2, tha aontons of Tepster 14 ara sunl ho the L Kegister.

The defirmon, however, -may be indircet az sacwn in the following example ol wonl 372 onogsee 1ol the BTS
Tnas. :

I EAa~R(|DF|
Ir Lhis case, TIR qnearys “Dealination Field.” Thi slaiement then iz saying, "The contents of the registes deaignated
iy the destinalion Feld -,*.-I' Uhe TR 5 seni Lo e BA Regata ™ The P2 pu:n.n:d..ng rhat stzocmarn mezns cha the BA

erisler wiil be el ape Lhe ocearrence of PL Thring the cyele leveh ol hat wond, the dala patl s staezing the
thales Tor thie 1hA Havisler, Cnes 6 is el s, The prcbe e the fooFoe.

Che Dkl o b psal o Lhe leChanl side of the careaniasaon ogperataa . Thas @ ilageosced in werd TETT cn gage
I ool 1z BT Movees The e ||-::-l.'|-|r|;.-I sla lurnen L appeirs:

PI:BR, E,Rmﬁﬂnm

This srutement meuns that at PL. the contents of register T are sent to thres owistars: 1) the BF. 2 thc B 1)
tive rumster speciizod by the contents of the destingtion tield of he lR

Ier gee imstarees, e uye ol the bogcket om P;|-|_-.|J 1wee combusgen oo The '|_'|a'r| al the reaibar, 46 The sa2calie 108 2 ot
REHE I'\.' delfine=], An "_1.|n'|_P]|;: nl Lhis i shevsr ol '-."|_|'r|_, 1 i sheel 1 0f the FIS Nesws, That stasmaeen feads a3
I||||-:'-l.'.-ﬂa

LT TR | PTE TS 2

bn thiz wstanca, the Bracket pestains e "the coctents of 7 Thia sratzment says that 1he oowzerty of & ropistio
desiprarad Loy the degtinalion leld of the 3T 600 be neramenszd 2y more chen azat 19 the O Beoister. Mote thut &
dneg oot say that the 1 Tegiser @l receive the contents of a recizgter two loeations anay fiom the sooiser
desipraied by TIF. '



An cxamiple of the use of Fee cepes al brackels B ween ol word UL an shect 3 .07 the E1S Cows, Thiv ulwe
iTuserencs that conditionsl immsfer cim be s Comezion ol -rore Lsan one sanzahlz.

P2D+-HORDD & GFSCY DI &R
Thiz atatemient aave that the BE und B Baetslemsoare oo be senl o Lhe T3 Registes i@ ovels jength 25 but they wili be
acted opoa in thas cranafor z2c o functior of 231 RO aewd b BPSEC, On thal ssme shegr, of 7 oo s right, & table i
pirets for the four poasible seta of conditions for thesy twn Sneoion bls. Froan this, it2an be acen that for beo

vondilicng of theze hits, the cantents of BR will be put iote: D, 2ol Fur e other Twe secs, Bowill be zicher 2dded to
TR o subtraczed fionm BF and that reailt will B2 pucintg LY,

The aemicolon 5 osed to desigonte szparids aeiiong < looaenr il the i line palse:

FL.T BA+F [DF] MLNLE 20410 -
FPLCLEGEE

Thic is sl o7 DSTY ol sheer 1 ool e BIR Mows, TIATT folows che gomicolon for P imdication chet o LATT will
e pectiormed also om 2 b sl same wied, tha clock w003 be tuined off {CLKOFE ) ot pulse 3.

Mode glso al BETY the nouen SBEC=1 i the Tower sight-Eand coroer of the blosk. Lhes celers i ihe SRC (o0 Sel B
Canslan ], srdicilad by RO Site TR 32:297 in the besde machior dsov wble oz KDL A0 Althengl this refes o
ibe hasic achine, il shnold be rememhesct that these bits ate befnp doven by the iluplic: g stz g e RO in
the uplivn, Tn this zase, it rings in 2 conzeant for <he MINUS 2 comlCon. The ATINis perfoming the J|J-.-aul:|l1
B[00 This brings ina |, cavsine the ALY to pesformun A-1-1 or 4-7,

A vceamra L the et of Bhe book arooer scpecates the blocks Thay ceseive dala sirndiaezaasly, A comena 1a che righe
ni Lhe bk arow separaces the scts of daty o be trunsterrsd,

Adowenid T2 an shieet | of the EIS flows, the Sollowdog stalsmen| 3 nosike;

D= SRO=N0 STPM
S telers Lnowisil tha signal ia n:v:u.tualJ;-' cailed o the hirdwars, SBC=W s w2 o e 1) Rapeler and bacomes
spmal S 1P, The SRO=00 Inok: at diserets (ome i the preessor sl sounl g oy ame of seeers! sales. The
SIS0 o nod sbways select the zame value to o oot to the D Bmcsler, This woml s actal's Tonag 3 bap

oo, wilkL Lo error that is sed at the dme determinine what that veclor shwll be,

In e princes inthe Do, 3 geneeal statzment i oftco nude before o brimich ol ther 3 fortfer defoed afle the
proper brmch i pvierad. A example i2 showo in ASHI oo shees 2 ol the FIS Mews,

TR COURT

Mule Lhal this indizates thae the clock will be caused v conrl, bol Thal i dueg oo iadicice whicl aeay. I the Cowe
enlers ARHS, the Méflowing notstion ia given:

FI:COUNT+FLLE |
This tnéiaates an incremencior cioom . 17 thes Towe gazzs ASHS . the following notuficn i piven:
FL:COUNT+RIMLEL

Thic ingicatss o deczementing ok,
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At ASHY oo that el Thesg s anexannde af a ceamber of thones eccurming @ 1ha seme Ume. yet not oecessacly &5 9
rosult of cach athee, ssoted ws Dollws: :

F2:0R [SU] D A L S EA T eA T 00
Thiesz ars separatad by aomnicnlons, unsd o transnegion aperatar is giecn Yor cach, This suys: at P2, e conncnts of
the egizoor spoaiticd by the aouree Geid of ke 07 5 genit £ T a0 the savz time, ALTT it 1508 sant o the TRCE Nap;
and s invltanecusly. ALT biv 00 is szat o the ETS[E) 1L
The: canime jodicatzs inelvzion ¢ dluszl=d by the T3 nperation ol that szms weerd;

F3AF B LR [SF]=DMCHD[15501]
b2 this aasc. ol the jofoomalios on the righi-land side of the acow is 2o sent Lo ] 1he destnalions on the
lets-hand side o) 1he aroow. Chy bils TR 3060 200 bejop seon Eroo the D egister, The Loch bie it DICT bid, By
retrering 1 |he BOM cutpul, il can be gzen tze the ot dats peet of (e DU s being selected undd Hhal deta is

beinp stiftal dzbl BEL§ o7 the T Register becowmes e e bit O0, anad every b else i bl cehl,

I ASHT ol this page. the following roration i gven which jodicses avgnken wie of the heacker in spacilying o
ERIALET : -

3R T[SV |

Ihis stales Ukt Che BT ieeeives the conmtense of the oegister specified by e sawrce Gield of the TR D%ed with 1. This
i ol aowee the e rzgistze Deing speeiticd. '

Marre tivnes ur the Gow, It 5 not sbways obvious whie s comiained e specified regizien weleis the Mose 6 tacad
hack 4 Mew steqe t0 300 what was lass put iose: e wegisier. & case in poiat iz at word ASH T of this same page.

P21 |5F|TLES B

Thiis w20 P2, Lhe conrents of the segstor speoitied by the 14 copree Sield pls the comenis of Boars sesl o Th
Fos mesios Hide guless the eoateats of B at thot momene aoe kneewen, Bk bae o the s Toowerd ABHS will
show [k al 19, ILRSTY] went T T1, and at P3 of she eame seord, i wend frean 1 o 85 This megne thal 30 ASHT?
whal is really hypoening is That the crntanig of B|SF] o baing added v Dself, This i equivalsol Lo shilling il lef:
o pluce.

This samnz word CASUT T s il L las the ose nl the "TF” stezement in the noxe Line,

LPM YD LF BRLS1ER14

This meuns B LPS0YD, uhe overllow It i the starue o, will be set i o differenay iz BIR1S: 14 i nuliven], This
sl,:nsi_ng iIT 'im]_'u:[ul'i'ntl; Lrarsiliesn “ Lhe It ar-ami.

Tl viest Hare wi thial ».-.-u;'ri::a walemert dasomves mention s
THR<TIR| 14:00 |
Thig Irid cates “Tat the TR % hoins ahifted St amt (03 is beivg shartad iato the low bic
I contrast oo thie, the noatation at ward MUL2E un ckiesd 300 the FTS Mewe 5 an followes:

DR-0TRI15:01}
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S O ——

14 this setetion. che DR Hesister is hedirg shifiad ight w2zl a (D) being shitled ire the high it

& Tunctica sl cardition tan br j:up!ir-q] wilbweizi The use of the V' o porator. A LisE it [III:I||. is shoveen i ASHZ0.

FI 7 -To=l
Hack in ASHID, hoth the BE and 1[S1] were €1ed o the BT BIS ro dretermin: The seroness nf the sewer.
{12:0 TE&F | R B this word then she cumbilion sei i the & 1t s detsnninge By tha zesull ol thal test2 T0 the T
Ligzister wos €, then the 7 it i set. It ses nor O, the  bil teormins clearsc.
An pxample of The ol plascd hy the 2orowe on Mo limes, o rednee confuzicn as 1o ahich dirselice: Lo Lke, i
Mlustzaced um sheed 3 o the ETS flaws at the outpul of won] MULS, The ho-izental oo Tine entedng he ouipel i
PULS shows thel the MITLE Mow canpor so to MULS wheress the oulput of MUL3 can go o cisher MLIL3 ur
MULT, Likewize the decisicn noies on thess Jline: pestidin o the e conditione of MULS wad ool ui MELE.
Vs - Curihen indicaced Bv the faor that the D15 LWL wis moacds back in WULZ.
fre wind ML, the follewding potziioo s minde:

'3 [=—1Is

The vse of -BE indicies thal e 1 complerment of the contents of B s senl i B, To ladicere 275 catoplement, O
BIMUS 1 s used v2 illwstraled on sheet -3 of the BIS Hows at word DY

1k 4 GINTITR B
A dmstamee of moultiple braadhos in sequence is ven ala oeoghest 3 of e E18 flows o MULEL o Lhis woed. 3
BUL. [ur DK15 iz made, and in the next word ML, o BITT far D=0 is made, This resells in foor brenches: tan

tor DELS and Lwio each for D=0, The BURD=0 i WITT.LE tests for the brarnch uc BULTE while he BUTD=0) in
ML ess Tin 2he Rrandly at MULDS, ’

Lo cus Loz weth tha BIS l:-l.'lTi.Ell:l ae wall, carliin La=mi: |||.,'§._::_'\..' i roas Fonay iy dlivcmine i ir s i e I"i'.E.I'II:-Ii.I'.IE of
the Gows These seanples gre azparatad hese fooavoid conagion on the pact of thues cosiomens wilh only the ELS

apLivo.

The brackel vuz be used 10 deslgnate o choier of ragslers, based apor aither variable condiliors sduiined v the
grmbal “t™ which mesv- s o uezion of” This is Qustoned ol woed FRO 00 gagz 1ot the E1S Do,

P3:BE B EARGAIR[1H 2 =T
Ly this cuse, ko conlen-s of -aewla T3 as: gaat to ke MR Bugcler, 1o the B Remistor, and to cither -epicer 12 o
vepiater 13 as detvimined by the cordition of the ARGA Tp-flop, The 8O wi slersys selear the odd repeer in the
fleating hacderare if the ARGA Tip-Mop i clear IF Qi set, the even registen il e aolocted.
The XOR function is Ulustrlad in wind FPLS o puze Lol the VI8 Toees, The scatement is os follows:

1¥2- L B AT

i Mecsting conaltiply ar ﬂ.:.a_-r_ing divide, tbhe XOE of the signie vaed T-:l.gj"t il OegAvive sipn |_,_:I'|_|-E ansercr it the sigoz of
1hie s ||[|E-|:|r'|li‘-1 e unliko.

Anesarnpls ol a parenthetiosl shitemeni neal as o desesiption & seen io wonl P17

T2 TH L5 0SB BCO0; (LR
DT 15208
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Thes sawvs: ar P2 hits Dy13:00% 0 wiil pet Cu 2z & functor of SO while bivs BRI 00 woe BEC3:0E ) B ook the
bugl Titg of the eoszeane 2aded Soc by SO0 a3, thesehy pucting Ge oo Lhe vpzer byc of the D Beciaccy; while
lesadave the s bate of he T Bomister with the bialy b e of Lhe B Bouior,

The yeitnn of the hidden 1 ia iduscratced jo wond FPY,
P2 e300 PLUSL 000, BI0T =000 -

Thoz meane tha liph b an the Boog of the AL s 2gund o D andd ||.I:r‘ b vl wdl e BTG, The conss. e 200
peachded toonzcrs the hiddzo 1.

Coesvgnalion s llastrzed o wrerd FMLLZ o sheet 4 of the FiS ['lu:-ws. Thz suatemeat is oy folloas:

I MSR-HS R M5Re 15:01 ) - '
HST-THRUOHSRI LS 01
[lde HTRO0,TIRG 501 )
Rl 10T 1501

From tlhiz i ocun b osacn how fhe fous eevisters ave comciees) with WS the 155 o0l HIE fe M5B This s 3

SLUET LVLEEYTIUNG BIGUT apemiian, A csrmarison s he roade &l the voces ons hsted oo FTATTE g shezt 5
ot the FIS Hewes FoT oo ST FYERY THINDG: TRRT npsialicas,

453 Kin1-A Flow THscwssion

& conzlete diseszon of the ETLL-A bz contained ie 2ot the FOET 0L S0 T EE Syt Sanaed 070 Cheas
[ER-L1E0-TH-002) and in the EI_]'L!-.% Mzntenence Megeal ILK-HD] 1AM 01 Y, The discu sdon her:s is oozl
eonvtzining, neaely that infm matoa necossane for ae endemandine of the KD 10 Qalions aod the @y (het they
inrzoeot with the prosrssor. :

Raferring w2 The KT 1A Rlock doamam on dovdoe KDLL-A-BD e Unibos is shown ea 3z oft wics it Lo doe
s recivsd and driven. end itz 1# address Jinas chet aoc dovco onbo Ae Yotk o sddition. the Unibag is dover
by the Switclh Begieer pY 11D (elich cun oblemimes beoaddessad to oeliaee dala, e, inodinmestivsd 2ol oy
Frocesr stirtus Zrun (he P Bepisier (K525,

The kegrt d 1R :!'l\l_'l:'!iu.:T. ilota l'lilll B the aridoet e Ingic anin CALTO This: it hag Daainpund-t the ATW ed By
A5 P0T 5000 Whrcaagh s boelan sed the B0 Fed By the BMTAL Mot tha: tha BUS BID s alse ths bz an wehich
data Ceuin the BTR 2nd FIS optlasg 2ie fed Back iato the peocessar, '

The BMUX s Sl by 15 the B Ropietor swnioly theough. the B Badstar wilk bt 7 estooced §oco the Bich Bwte 12
s sxensiond 30 che B Bowsior wicd e cowa beres seeappe, ol 47 e Boconclangs of which, Lere use ooy
meleding addocss Deremen s, seite i ropdsier hlress, aonl mnasks.

Thers are Tve ALL contead Bl onigivas o in A eoc-ol BOPA, Tae SATID detzrinores “he e [:Il:lll'lli.".i-\.-"' Tk
omeiznl e Thie alher Fog- {SATETRY select coe of 32 Teneliong that o ATAT o pa G (06 b0 id e med]. These
wehude ornonne nlbsm) cmeeein Toee Tonn the BT Con'y 07 the ATL i in aeithpactiz soode) aad ca=rve-nos
tnalbipale e o0 Toanr ol 1 viee TG ATip=fiaps The lanfes s |:=.l:d: i ARH nghey avieh vie data is leadsd into the
10 Raeeicter thrsagh e ATED aued e TAC) wels Bl 25 o the T Regisier o s the siga can he extepded doss
Jrnggh Uk 101 clirirep bl . : :

i KOTE
This is used on wekl opetaticdia, T hete opeeations, carsy-out
T ir used for thia purpase.



—_—

Wha COHIT MUK alsireceives the © It of the proccaser atatus for nse o roustvs,

Durins oy of thess ope=iimns, the B Regater, addeh Joeds cha 33U fure Jons 92 o sonig? egistern, dors thit this
s ihe omlye holcling, rewisien o the BN 2ide of the ALLL The penem] egisiers e om Lhe A0 sisl via 11w BUYS BLY,
allbwingh Uik et Tead the BIN side thacoeh e BMUX and B Badeler by viries ol a Cee back knongh the TR,
Mote sban that the TR can alzo focd the options, The DML s ool aiteeOR el 85 UL arad is usal v Tesd ala
L che RIS 2nd FTS.

B8 T aiso foeds the bus addooss wultiplexer (A4 MU%5 An address con Be boowglit o0t n” the general puagess
rewizins a1d fod dicaly into i OA thoouph the BA MLX, oeaan be Ted Goougl the AT o the ATAD, addad o,
subrected Mo, of operated on in tha mumy wies posible, arud ghen et Loohe BA vis the BA I

The pracessor stetus je alsa fed oo e BUS BD Lo fleres e, e, Do aczoadition cods imsemetion. and dozs not
havz to be fed out outo the Upibuz, B own ke opealed oo e sionilar fashoon 23 abowe withoue Wtzerapting the

TTuikaae,

The BA Begister corliins legic un il cuiger M- decoding procoasor statos addres:, stick Jinun egister siduiness o
aption], remiser addyess Cinlmal cegis oo are Deing addressed), and seitch sseleter address, Thors s olae lagic on Lhe
Tr Repiarer oumput to determene whather or ol the 13 Regizrer i@ aqual to O, The lacrar 5 wscd o the ELS option a:
deacrited late:.

[he imstructines vegister feecs logic W desnds o)l the diserels instowstinn Oy codes. Thesz 16 Bits ama conve L2 inla
moimy sigrids vlieleare then encoded hack down indes thz T Baeel Concenl lozh iz o hitg wide, The TR sod 2 ifie
is wsenl i Lhe G L8001 ook o b the preoper 1) Word can be accessed o peeleen e propae ivsinuelion,

The A0LL conbrod bloe s actmaly o peepifry: ATAY comtiol Tad Lo Uhe AL Sield in tha TEOP sl By asne discreiz
Legics, “This i+ tunctisnally o sotipleser ased o goemmien =sanes 2o whizh the diserebe T i sl s ol 2he
ALL ceibwr Thin o separale WOB wuord Sor eaciy irslrogtiom, Trethix cme, o anmmenan 1RO won is wsed L prnd Lo
itgiliury sonirol.

The U ®ord Conteel ROB cenlins 256 wonds, 36 ks wide, 3 bils ol swhich cornprise anomllrss which douSles
buck w0 MOT QDR iplo o peinter tegister (LPPL L7 rocisder Cazwtions s o PO Boe b OB wilb Ihess B bils
spevilving e neas BOB addres (o e Tooked op. Fhe md of Ui OB 2 C38Y conimol Ui dalersal rmaghrine a
the il patfs, cloch the BA awi D J_{.r-.__c:islr'l:-, sral deterrrine which scipleser ol witl be aclive. Sinz bt ae
paled wirf the basic cloagk pulses 1o zanlrl cesle lenelh, other onahle diferent rze <lars o Be cloched soeh s
{TTEL} whish s paled wilh 12 o gheck the §0 Besisie.

The TAMTITT lagi: dn gsed Doars ine L TP Regisler ta speci e addezszes T spesific e eonditioas.

The FITPF Regislen hinlds the previous wicropeeoian pointer o the adércas of the woead that s in the T) Tezisier.
This i= uset o Feed Lhe madnizemmee onzale displar, :

Tha conditian sodes iepaad binck iz waed oo s 40 the conditicn code hits in the P5 Repiaser oo indicacs the rezults of
the st copation e instoiznon.

Tha Thata Thsplsy on the corsolz i ted by the DYWL Siner the DM can conrain cxher TTalbas data, the T
Rpiztor stezighe theoweh, ths T Registes shifted ipht, o the concor of e BUS RO, thore are basically foar
apueces oor display; and ainze the BUS BT esa have many things on it aoch as the penacal regiscers, acatas. o opticen
data. the range of dafa displascd & ve:y wide. Tnoaingls instrustion mods. processar status is displayed at the ond of
the inatroeticn. :

KOTE

On 8 HALT inetructon, the vontents of RO ore displayed und
T B5; evelt if insingle instrucGon mode.
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By referring to sheed §oof e KD11-A flowss ddorainn KIPL1-A-LT), the vy inowhich the BESSLES uptions 2oe mablel
v he Jollensed, Eatryr iz at FETCLL & and proceeds (o wozd 013 (BT, This is the *1feech Next Inssroeien™
wand i wheeh, duning a oyels imagth PL, che cooleols of the progmino sounier (IATAC]T aze leded info the D4, -
GATE ia porfosmad, The Slock ds turmed off (€ LEOLT, gzl e BT s Fsprved.

i LLEN
FETCH OYERLAE docs nud apply Lo EIS ur FIS Jl'm'l:n.li‘:[in:'lk.

A weil B dsliceed dn the Mieee Do lleayad B ity intn wocrd G0L {FETOS) to “atare the jostrecoion” Herz, in P1L the
Unitas talin i s2ni o G B Ragator, to the penceal tegister, oo BIE) ek holds a copy of what is to be loopded
arty e 1L, ansd o the instraction registzn Bis data {Instouction Ward) is displavad.

NOTE
The B|IR| cwpy provedes 5 convewnient war fo ucecss [his
Inforniatheiv when the 1R is not oesccaible.

1o tbe nexi wond {FETOA, the PC iz iremmcnned CR[PUE+20 and pot e [he DA aod B Bedsters. o mdditon o
bramih test is ole {ETTT(TRETR T}, mmcreally BUT 37, w0 dotecning whdch Cow exil fmdizaor o ke, Qo
apin the TP s displayzd.

The Mrw then eacs to FETOS to stovs the modificd B3], This = done by Innelerming, I|!r. £ PO +2, .'u'-'lli_'ll Wl
pul A TH i FRETOS, S T buck oo B[] in FETOS,

Toen haily, without the options Dstalizd, an LIS or 1S Sredraction soa bl v e vecngeiced D the prozessar, The
machine wouid Tranch oft to sddress 100, the base L Wond mldres G the Srancl, and take the TRAP B exic, B
whan the opriong ade insiallad, he BLUIRINS T T sizoal Q50T 370 05 senn o tha aproon whe s =0 zased with a pulae
and sone back e e KDLL-A to VPP Bl 8 gy che clock foa bt 8 of ile RIP addiesz. The sighal REVTY TKSTR.
gated waith BIPPE, s soaf buck to the KI11-A as e dsti Dee (PR, Betlieg, b & modifies the next address o be
lesaked -ap frocs 100 73 300, Motz thal noer (ke Hog exils thraueh the eepansion darnnd aqd entz iz the ETS Aows
al arcerd FEC (locarcon 500} Bit & reowins 51 1o coube L cplion K0 il lisanlala the Pagic RO

if" the eption, is installed and @ scecrred instouecon ds fssued, thy Sow sl Cullies Uris ik exits o TRAP T,

4.7 % WELL-E Flow Tliagracm Thscssian

The KEILF Mows e shown oa drawing KELLE-LD, sheels 1 lkeeosh 5, Fhe Tomml of these Soes 18 e tical to
Ihart oof Lhe KI30 1= and the sonszncions follow ez deseribed in proceding penigraple.

A deseriten] in Paregeaph 472, ertry inee 10 expaazion flows B al LI alee the (T bz stmed tha FISFIS ar
Feserved Tusuwtlon i the TR, dn:n:-:nd d the 1K, muds & braoch micoulesd, w0 KON bit TIPS, neadified the addross
to 500, ard set the CPU Tiap Sag.

At thiz gaind the KELL-L ROMs ure crabiad angl RES BOM eond RIS preseen an the wireIRed BUS T 56:00)
les at the (ypoc af the CPO T Repiscr, as arc she oulpids o Gie KET1F Sovirnl RO TICR00371 at the nput of
the Fr3 1) Tegistzr, Thie KELL-E gerfonne amother devode of e CT90 TR and does a beanch moarctesr
(BUTCERNETR 11 ta detctnine webies address caloalacion Sow to sover b CPL Trips Mg i clesned, -

MNFE
11 1he imdmyctiom was wiat aoe of the BIS insorectons. the CFU
Trap Fhig woold sot he cleared hero in ovder that a REYE
THATR trap would ocour upon b bk ok the CI'U Trap
flivae
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The abuwe sequenes coewd for caeh BEE natracticon. Upon vompleuon of the BLS inatroetion. the -vigzollow mooasne
r2 Tz bass k1T -A cieeaparagram vt deromosl SEBG, ot OB sddross- 17,

Roote Lhas iF 0 had boso o oesereed . soructicon aad oot an BIRFETR nscrsetica, tre Newr woabd he T B o
salidress 00 (EI2) 1o form s wesor 100 amd elmo e TR Bit. Than st E13. the Sgecial Tras Poorien Wake
{5700 previoraly sone oo L i gsoted by anslae e Seeich Tad Tegisrer B [WECT] and Bl Exa oz to TRAT Trat
mricnpegaln addecgs 7 oon skl & ol ke WA T, The ey peint of TRAT Tinza traps diffees “eze thal of
G TRAD B ged By the Tasic amchine, TEAF B Moo The sestorarve stores o, 3feczs a0 TRAT T s bas s lesidy
beean o in the nzZio,

Therz iz an ovegiap i Ik Lasitina Back oo the bosic machic: that & similax lo e lomsilion ftom the besic
peldor fo e gpliea. A le and of BTZ, TIPPE waz clzarad aod ac dwl insemd the exponsion RO was lisabd
unt the By BOM ewcbl=l Taowoed ETIC ohhiis the cote porll i sebins vp b sbore e v o, o REO wosd
Being booke | o Thil new e cnmies Cro the basic ROM a2 the e st separedon wonl i being eascaled al The
wme e lhae dhe asic WOW wond is being fotebed, 1o woone thing kepaetel when The O0L westorsl Qo The
axnpatsion, A LPPR was el the 2ad of FETO4 und the ronleots of FLEDS were oinlesd dro e LEYeond egaee.
Whnile the DL OS weas seimg exacntad on 0 dota path, the ooxtwost baing heoksd op v i e expassion 1LOM.

4,740 Destinatizn Calealation — Shael Lol the WS Aoews desesies s deazinatior ealodazicn opesacionsg
—aipuie] Lo perfene T foor fixed-podat doslcasaior -,

nOTL
The FI5 cxif & divey 1y from wond BT,

‘Tha DULCLELETE TP LE=T in Fil wats the path to be wken i terms ol deativarinn mede oaddies g (TR0
Ihroush [RET] s delsrefeed T cie degtioation wode bils B dw nelragtion. Sl path pafmoms tiz woctic s
macetary oocalonlte e dearioalicra 23 3 fonction of these modes, eall zanhs, e wands pose e estraenon
axil, the brmck s BUTCERNSTR MEEUB=10 s rwde e Ceiecoing which insleact o socclled for Thia s
deleroizied Tron the Uprcnde ol Uiz instoeazion.

The ascration of this flow is oInwesl ientizn by U has oz DEST Cow tor the procsssor s desesdbe] foothe B0 0 -4
Medienanee Mumead ILKKDTLAMMAON ) (e exceation s wsed D14, throvsh which ol athes patha Mo
efore brancliog. Lo sws weomd, Ly Lmdbos dala Osliclo oz the dara from the Heel descoalicn acdilrass] s sun Lo
RiDUST] dthe oegigler specilianl by ihe destation Gald of che Decoctior]. 1 2 alss o o 1 ood JHE e
copeption i word D911 whish does act go throagh DETE, Moo thal belh werdacoimiplhe the s ozation
aaiepl Wl M5 gas s Doan the Thchos and _DST.' vtz it fooom wncdnleme | eregizen Te T, thae 5 ononzed 12
2l ke ks for e since Lhe roaiate zontaing the ozenod,

At che cenclugion of iz foar the data etizved fioun e calswaned dostinst an reaides ia BE. B o 1GTEST.

4732 Avithesetic Shit and Arthinetic Shift Combined — The siuirt flears are showm on zheet 2 of 1 BIS Do
wid in Figure 44, In -his oprrazion, thy dean fetclued Zyom e caleolutsd destinezion is o shift coont chee also
indice.eey 1he directicn i whick to shift, The i o be shitled arz inog oegiseer d2simeaoed by che aonca: ficld of the
s o dum, L0 TR s ion s ASLL 18 bty are By be il arnd o reselDwil b=soornd i BRL Bad BGELL IE
Lae fxsiruchion is ASLIC, 37 bits ams 1o beshilicd, w3 1 the Righ VA RS Liker Tooan o esen pesiz e sesitied 2y the
aontee il mes ke o 15 B rozo Lhse. pesisier e wills 1.1 !|-.? el ore s Lired H!_-!,._ [, iend J_{I'El'.:l I:h;;:'lh
amve e ar in I{l:f'ii_"'-.l"ll:l |:'|-::--.'.- :|_'|::'.'.-e_'._rl:l.

—
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MOTE
Tis -HEH[' il ou odd remister is specified by the spuocs Held of
the IR, the QRing process i the buzdware will resull in bwo
duplicate operninds being fefched. I an odd Seurce Bagisier iy
apecified, the low 16 bits of the suswer will wverdiny the sk
16 th of the answrer.

ABIL iy sotered ot wond ATHN at locarion 405, At PL: the B bite of daty in the BROT-007 o2 sl el ocen Lhe
womidr prul the BR s cleaied. Praor 0o that pulec. liowover, 2ic 0500 of the LR ar tested (LUB=12] 10 Gelanine
iz banch after ASHI.

CEL| _ a5k
LICAT ON - .
97 GRERANE LACATIONS 07 OFERAN DS
[nP.= EN] EF.D.FlEr foaie sy i
I-:t:--'n.mn HIGH IS 3ARD [ 1 Uw DR
LICE™ 1Tk
0% £4IMER _OZATIONE DT ALEWEAS
|3s. B, F 5 35,E, 3 5F.

IR R EFYIT:

AREN M . HIGH AR e B

|

rat.asmwrrres [

Ti="k>"

Figore 4% ASH anc ASHC Location: of Dper.ods and Answers

o ABHI at F2, the repiarer apecificd by che source ficld 11-‘..[.‘:1 1735 ot tu the BY Megisier, the % hit inothe lozal
JLanis is cleared, ard the souat i clocked onc thioe, &t P53, ke conterts of the 13 J{rp-;m (R |SF]}arz laded Into
the RE and B Begeoors, Thig |s the dém to be shitted,

0, Tack in ASHO, the icault of thot BUT ndivated that bil 05 oo che BB wis -1, a0 shill tight operagion waz
indizated, causing the flow 1o procred oow to ASHE where the cound & fmeremenlad srad Uhe branch reaictast
(BUE=11} iz ser up tor the dhitt loop i AS1M. The cuvon is clegked al this poind so lal Lhe shil' tanpie ARBH4 anill
not be ceeeted mmoce thoo e spacisied anwunt. Nule thal in o wond Lo, the waord is aleges soeented one tide
wore than the count of: dnitiz] zatey would indicile. Thiz i beoceuee ol e eearlap nl execncing the pecsent tord
while booking vp the nox: word. aod by the Gl that arabch besls are ronde 1&n wards ahead of e actoal brunch
saint.

fu ASHA, the right shat 5 inglemzatyd by putting the peneo] regider specfed by dwe source lisld thoough o boaMer
and roagh the ATW of the ALY jato the D Resiarer, At che some Lime, AR Bil 15 5 sern o i T Mo wia the
COEIT WITE and ALDY bit 00 iz sent o EPS{C). This vooues ol ¥2.0F cyole Jength 3 a0 D3 ol that o, 100 a0 d
TS T are Fed chrougl: the TRAUX righe zlift duty pod bazk ioio the geoeral zeptdec 120500 Hemember, o Lhis
ozatian T iz equal to TS Tn addition o s, duty iz senl, io the 0 aml BLE Revizlers aml the gl i
meserented. This opeation continues, skifting tzhs one bit podtion for eush piss throusty Ge Jong, exlending 1z
sign o and portiag the loor hit of the ALTT inta the EPS(C) Bic nodil the counl B egqual o0, A6 the poia, L
angwes i3 in three placss: BOSF) B. zod T Wole char the countor iz disubles] from counting whan coond lues 2
thrnugeh e eyual ta M.

A28



fn ASHL4. the eonfeats of L-are send oo T {oe the meicncsz test at B2 aod the dow propresses @0 A3H20 whess
RIS (the slgn of the wnswet) is seal Lo Lhe Whor of she BPS and the seeuls of e csronss 36 sent o EPRCAL T the
cantarrts of T were O, LES{E} wilt S sei . . .

This ward sootioues om tu ASMH13 i which the aratus bits F..l-'S.J:'-.J tharauy KPS sre lrans eersei Do thee eroessscr
statiy in the bugie machine, Mot that i ASH20 theee ia no aeod to soi eicrer the W B Gelin ARHT) o0 i (o
(act in ASLIAY In ASLLTS, e UTFE Bil < also cleancd to vapster ROM eonorol bagk Tooibe hisic rachinse.

ASHZ1 is a Mendbp wnrd Thal Inads O inco the wpper 24 bits of e ROBL Repisler, This © dime e houaz o ping
reagons 0 that upem reeniry Lo the opticns, no cxoreasos bie wil s et i it pesister.

Trom e Lae oy 2xis w0 SERVICE C dlecation £7a0 on shael 1007 e KD-A M. FE'!'GI}".i.TII: rlw L'-_|:l‘ti.4..'ll'.|.j';~
cited, the Blow 3+ thrmgh this roune to tost i7 an inwerrupd or crap is peoolivg. 7 one iz pending, .« iz aooviced before
continuing ke e nest insiretiaa.,

If. Back in ASHLO, kit 95 of the BR 'E'.'E.E'li.i]I:a:.l.'l:':l und DLACd 000201, o <hild T2 Tt operacion was indicared | caisne L
o o 1,'.|TI1|.:E-:'.|:| Mrenn ASAL ta ARHT oo 1he counl s decsemenl ed instead of IJ_::lng, incocmenosd 25 in ASEEA The
umne B 7 is smade (RUR=1 00 and ASHG is corezed Joraoshill bl ope=ctinn.

In this cuse, Wilhmeg does aot tske place i the DMEX bol nches in the ATID By the function A PLUS A i Lhis
case, JHELS mes 1o O rarhe thian ALTDZ. The stlemmend BPSY }pes 1ir B |SLBR14 wefore to the senging For s,
chanpe, I when shillisee, thase has are éiffcront, an |_1:|'|_P|-n|,||1w shan e in sign o iadicated and the J_-Pﬂl?ﬁ-] il will be
sat, This bil will then reuain sot oven O rors shitiing = necesiry so Lhalal the ead of ghitting the procrummee bies
un indisitiinn of =ipn change. This shifting coptinue: wish e cual bwiv ¢ dzeiventzd Fos czal puse ool the counl
iz sxtwissled, The sepuenice Troan thiat poiot on i identizal to o mighe. sill

In the instimee of e shifl (RT05:00=0], the EPSTY) and LECY bils are hoeth clencd, BR.L3 iz zont to the LPSINY
kir, zod the LES(Z) bl is enndiznned bar the zetoncss et of I [his pregiesses ta ARHILS for tronster, AS1171 for
clearny, and ot to SERVICEC. '

Ths ASUC tlow is surilir tn the ASH flows cxeept thurt iy 32 bits are inenlvad ingzead of L0 Eater 15 oc ASLIC to
word ASIIT a Ineanion #4407 At PL, the lowr B big of Jhe R me leaded into the eountes und the Jow opuer ol
FR[S1wi )Y is pt in the BR. At the samz time the PEALV) Bil s clzarcd. Prior 1o tha, Before the court i b
trnssferra] it ol the BR. 3 BUT i made 1o delemmine what hraacl to tabes (ghitt dut, shitt et o oo shéll).

Tn ASHE, the low b6 bits . oz v o the BR are seot 1o the DR Regslez il ke Bigh operoeid s tzken from the
even repiater {B[SE]and put inin the 1) Register. These oparadon: ocour on P20 P9 af thzrwncd. the aiga 16
liss. iwow in D, Bre trursfemed 1ohe BR and B Rogistars, Ac the sume lime Lhe ciont - elocked. A thie polne. the
data to be shitied comprises 16 hit of low operod io the LA arl TR kirg ol kigh oporand n the ER 2od B
Frpistors. beote chat the nw eparand oront floorgh the BE and was wmnved ot to the BR aetors the bigh operid
wEs Yt do b Sl

T the result af the BUY mdisaies tin shilt, the Sow is oo ASHY wheee the B{SIY T and A1 are saoml sl sens
o Ti, cftvctively QRinp the high and o opesznd on the BUS BRI to delemmine ceponess af vhe Tull 3 2-bil apeard.
In ASLLZ, the Lecul stalos & et 2nd meved 1o che procosser in SIS qs befane.

1F a Tigh! shiftis indicated, the coat js wsted for cezorss in ASHIO, the BUT 5 zet up for the Joop aad the cel
shifl Luop % enered [ASH L. Hess flie loower 16 big are shiled i the DR Regizeer ole the high Lo bitz e sexd
{hroush (e ATID and shifted in the sight dasa post o the EMLED This cpoation i dentce] oo 2hee in AS1L Soee
[he B o DR are concarenzoed, BREOD aocy inte thy kigh dic posilicnr of the TR ahlc the low bit of the DR & pul
oo e FPSECT Bit AY chils oconrs on P20-al PA, he tighe dale pooc of the OMUX iz £2d back into the source
(RISLIT S the K, and the BR Reglatore. and the coert s ive-ere wntad. Thiz lane continuzs untl the cooor egquits 4
CELB=T00 al which zinse the boop iz 5ot amd e flow comilinees o ASHEL



The e anesr incthe DR s wend 1 37 m ASH L2 and stodod doin the ndd Soiee Remster in ASLLE, o AnillY, e
o answd (ER) aad the o answent [RISFVT} ase 5311 o Dosu chat the zeooncss cess of the 32-030 answsr car be

. magle i ORing a1 the BUS KD, ard i ARAID the BRSNS end L) bivs e liaded arios to transfor in ASL11G,

Operalion ul ATHC Toft iz aimilur (o ASRLIC Ayt excepst that the counl i decremenlzd and the cperation of the shif
W dilfers e the zame way that it did i the ASH wstruction, In shift Je0 ASHL, the o hzil 2 shifted in place n
the 3R Register. with @ being pri in the lew Dir (TSROD1. Tha high half is sheTed by the & PLTIS A fonction of the
ALLL AUPI of ASHIT, the I i put bizk in the BR. B, and Soutce Bl . Ti ASHLE, the I;hw annser s pul i
L2 {s3me a5 ASHLZ) and the Cow condinues a5 i1 ASHC rla,ht

Faate -.1;!: in ASHL opum: |_|_I_'|r_l Lhe hl;.';l '|'.ﬂ| ot the ansaner dozs ngl h ive L ho 5tl:ll.'l:bd. 26 that wus accomplizhe:d in lht'-
Tecp. -

4.73.3 Multiply — Tae multiple Fow s 5hu::-m1 ou st 3ol the EIS flows and io Figurz 482, ooy nperalion, e
dutu fetelud frum dae caloulaiad destination S the melliplizr, ood the data oo the ragster speciliad Ly Lhie 5

“Hald (RELT) S0 the insLowtio: s the vrdtiplic: aud, The aen At numbecs are muleiplivd ll:ll-| the 324utaeadt is

gtorzr i RIS Chigh prodacry atd 1 RUSEWL Y s pronlwect].

. e 11 1)
fn MU, If an odd R(SF) s specifieal ik the instrucfiou, the

liw p'rmliu-ci will overliy the bish polise

Entoyr & oz MULL o UL . Ieation (31, The meciplivs rr|J1r| Ihe deseonatian addeess hud bean Juigled info e BR,
B, snd BADEST) Beslers dwing TETL o DTS The vanl (17} i3 goneralos and pet dola Lo Paed inta BR
fern T et B2 A BUY i sel up For 1hi2 sigr of the mudiplier (U =5E

4 !
- o L Ty [ )

L__—_I—

ERETE N i)
gLy | 3
I
B8R | ) - LF ; L5
| “Hiz PRoCeT -J_ : AU T3 SANE el
-t e | I}#F HITLLC]

Figiuee 40 MUL Flow, Block Lragman

I WILIT.L, the 2's compiemseat of the muldplier is wheo. This is e al thiz paint inocese the acgalive mulliplie:
hrarch i called foz In thes word, the EPS{C) Bit e cleaged s 1he cened i tianafersd foam the BR o the dounier.

T BR1S was szt on the BUT, the no word I MUL? i which e iltilleand is put Iou shee I Trorn iz aorwsee
field desi gratad reglerer 2nd 3 E-IJT iz mads for the sluty ol A5 (FIG=! } :

430



T MULS, the moltiplicand is (e into the DR and iha eoowents uf the Sowce Fiold-Regstor woput inie D. Ifasz
result of the BUL in MLIL2 105 was | (noce. this ws whee v in L oal Lhat b ar the 2's cemplamene of che
rmdtipdice). then the muliipher is-deternined aa being the mosl nepifive woanke 2ow2e thar 12 the only aumber that
can b2 2t romploment=d amd recsain regative. I this event, the (owe goes o MUTA whese the sopy of e
rltiplice in M IDEST] 3 rnow sent To the BRL

OTE
This is the wwomplkemented iooltiptler. The complementution
dome in MU was Tar feating porposss. '

Another Lesh for B35 s wmade af the word, and in MULS the muldplier G TR} is geai 1 TR and BR is dleared.

: NOTE
Mormally the mutgdics would be pot in 1 when 1be lem was
atztted, Hut the most uepativs multplier moust be pot in e
wormal position of e meitiplicrod e preduse the corect
reEnlt,

If {he mulkigtier had proven 1o be positive in UL, Cow sl have goae 1o MUTRT whers the Souree Fegister
oould hive besn lnaded into the BR Rogistar. and crom B inte Lt in MUT&, and ther the 2ouwat svauld kave boeo
decremented jo ML W lake e of the oneword loop discoepency described in ASH.

In MULS, gelurning @ :ee again ta the low for zhe most oegaiivie mellipser, Lhe Mow hiznches gala at ta the sign pf
the multiplicand. This is imlicated by the staic of DUS snee the muliphicinid (RISF ] was ioaded inwe D Back in

- MULZ, Ik (ks Gow, the sipn of the multislicand mst be tested ol ~ince a muds, negative sambec can nevwer be

placed in Lhe B itesisier. Snce one ajerand haa been detorminal (o b= sroel vegative, the other operond mug? be
tested for thal shamslerislic as wall.

IF D15 is clear ol MULS, a0 peablem exists and the multipZicaod is pol inla Boas the enunt 5 decreacated. W DLS b
act. however, the Mow oo oo MULZ ] whcee 0F (che rltipeand b is ested foo Teivg the st negative aumber, This
{ime the 2'5 complemnent i takcen by subtracting the SBouogs DTed Megisies lon the B Ropauer {(atocady sstoblizhed

_ds bEIng e onst negarie naanberi.

NOTE -
BUTICOUNT=01; ELIE-10 is doews here to ciock the KPR and
Bus Roguest fligs ok (o clear tige Bus Busy tlar m the
EDA1-4 [see Mok 2 ou sheet 3 of EIS flops),

If the esult of the comgstisun just dere dn MITL2L & O the indicition i bt The nnclliicand is alss the most
oogarive mmber =nd the awswe. can he gcacratzd at shis point in the Moy withoo confimong with the
tnultiplivation,

AStar zoroing he Inw cmawer i RMTL2E, che flow branchuys o MLUL2 amil the ||i;2__$|.|:'|:-.3-:‘|.I:||:-‘t i3 aheled right oo .
place, _ _ _ :

W{TE
The mos| neoilive nomber dmes the nost noontive pumbey is
cquil te thal pomber shifted right enc place - the high
product qmd with Bas the ke piodoet.



I WITLAS. the owiwer in D is ol i 10 aed siared in the Sonrcs Faold Regiater in WU, 26, The lozal cnndizan
coles e et and the Jow cxdis o e MOY D EIS paoinl o vie ASHIASHC Trss. This is ASR1S, the comrnmnn
trensfr point 3 the Proezszor Status Wood Beturs teluring oo Lhe servee rctineg.

FI, Ty in MUL23, the rwidplicerd pouves? aced b le the st ceganre roarnber |- B=01, it s pasonce: the B Tegiste:
at MUT.AT and the eoual is I.’It'i_:u'ru::ltlml.

Thiz biags the Dow ko ke comaneom pufed o all Neaws deseribed Foe aultiply so far. Thiz iz the 2nore poiet ta the
iy loop al UL, : s

The mualtiply operaiun i esenlale 3 ight shift operation theengh the dght diee penc abl the DML L §s o
=metional operalion of the ATIT, deternmined by the svartareous condition: of bit O3 of the DI Revisler and e
EPS(C) ., (4ve the Lible Do fhe right of this block.) The conteors of BE uad B will by sither subicied o adiled in
tlur ALY beobire beine shifted one [nt poation 2o e tightcheough The DEIUS. o he AEL will puet the dat Lol
Lo bedire i is shifeid '

U ol Thess opemiiang &§ openr prion to zach shitt for ch pow thoough the leop, depernFriv upoer e sianes of
Ve e comelilivening 1vis Tar the ALUL At P3 of cuch pass, the high prindien is hwing, sseenblze i the B s tee
ol iv Jecremerted. This sorcnaes for 10 passzy, at which ime the count gopals Iaml e hingeis leh.

NOTE .
The waralion (GMC=X: TRATI=14 at P3 of MULY peoksins to
menerylion of auwsiliaty ROM coutrol. The DAD cudr is for the
bagiv: praclvine an<illary RO cooteol cone ond the GRC rode
i5 fur Hee apption auxtliizey ROM contrel cnable,

In MULLD, vhe high prehic. itml hee beew asgemblzd In BR i3 sent to I 3o BUL2G, i1 3 stonsd o the even Sours
Ficld Bogistzr, Al This word, o dest i psode ol the sige o the Toor prodoet TBUTDRLE):LUB=3} in presaratien coo
zarting the © bit io the LS. 37 e resull i lese thone 2'F oor I8 @reater thao or equal ta 242 - 1 this bit must e s2e,
athz e it is clrared, 1he tesul is represenlal in BR (high produst) coacarenaced wich DE. (ow product); 2od to

_dstermine the proper selling of e FISCE bil, e high Bit of fhe DR {ait 151 st be compared with the entire

contents of the BEL U7 KR conladres all T ard DTS & alanoz |, flse gostres ean be rogresconsd B just fhe Loy 16
bita. Simdacly, i DRLS s 0 aeed thee A1 s all N, e g LG bite are a1ill o 2xcosion of the MsD of the low 16 hil:
arad the wwer can sl be expresaes] o wonl

ko MULiE, the high produci & gornplerented aad secc bo T Fhz EFSY) bit io the Levul swias 3 clsmed, ard he
BUT for I coguat lo 0L UR-EY b madal Ths G dosa beeause IF T iz caual to G afler somplemancing, Then i all
is, '

Corning, nut o7 MU, the beznch iz mode, IE DRLS wiys G, e Ly prvfoc] was pogitive and che flow 1I.~:m:|:,;:d; re
MIT. 18 wlara i BPS[C) bir iz 30t and the DR is pret fubo 13, A the heaneh connieg ot of ML 6, tha rezolt of the
test Trn $ha gtate of B in BITTLE 1 deterninas tha flow, 10 it hau nod hean 0, the FIS00) it is 127t set, the other atatus
Tits are set, and the low preduet now io OFis 20! s e ol Sewrge Fiald Registes. Thiz occors in MULLS Srom
which tha fowr exitz 1o MOVE EFS on sheel 2 of thase Sinws,

If D, in MULLL, had becn O, the foaw i 1o WULTT where the FP0C) bit s cleassd once m:u.n rhe othey status birs
are sot, and the low product is seol L BISIA ) g in MTTAE

BF, Bocoe inn ALY, LIELE was seen i be |, similai sesiona tates ploos in MELLZ, MUEID, ol MULLI3 o 15, The
slakps his ate el ageunliney with the FRR(N) it soc it the product is loss o 00om slesiresd 271 % aonee Lhary 0. The
BTHEAT brii, s set i thee produet-ic eyquwa) oo 0 and ie dleared othorwise. The EPSOYY Bl cleared o the FIS(0) bir s
st ot sleared aeomding in the alredy sLatad ciireria.

£a
]
ha



Frem el of ke Nows, the esiltand <l i tansfoed o (he frucedso Status Wood (MOVE EPS), the high
peaduct mas siored v the even register i MUTEN, and the low predeit in “ha »dd repister o the sleps juit described.
Tha flawr chep proceeds 1o q-ER‘I.'lf_L. uy Jo ke CpE rAzions,

4734 Drwide - The dwvds fow 5 shown oaoshaets 4 and 5§ of the. WS Fovws and in Viguee d—1ll inthos operacian,
Ihe datn foizhed fan the calzolercd desiralivn is the divizor, and e data faom bath the regisier specified by the
avaree Fizld of the dnstrwcton and that racal=r ORed with 1 e the dividerd. The high dividens iz laker Jrom the
pvert zgaster 304 the bew dividend from the ot register. The 32-bit dividend i divided by T]l-.- la-pil dvisne and the
rés 8 are stored [0S b [ remender) aod ®O4EY faonrient].

NOTE
I D0, ain even R{SE) amrss be speeidled.

Ertry i o LMV to TIVD at luedion 803, Tn fhiz word, the sour. is gerorated oo the BRC oode of 12, 'This
peactiles ar nclel 17 or decimal %,  proswviding The L0 pesses ibrouph the dwids loop, 'Lhis is inaded e Dat P2 arnd
from These Lo the BR io F3,

|

E
CJAIYIECA
_ _
* [ OWLI%
| Ml K | ug T LEF™
ki i 1. los . LF
diz4d CIVICEHDY D .. 224 D1WILEHE
REFalMCER ALOTIEHT - r

ER e,

n- a-r

Figme 4-10 DLV 11w Rlack Diagram

At [iY1, the divsor o B iz semi o D7 anl in TV, the count is Joaded from BR.OAt fhe same lime (152, e Tigh
dividern] in the eren Soures Bregister is lowded inon BR and a fesl is made of the T Remiaece which burhls the divieor.
B 51 g5 1), Then the dadzor is O umd e Do will go through DY 3 Ga Me-Opd o TIVS ghers the EPS0ZV.0) bite ax
sel before ewiting o MOVE EFS, Divide b 145 wndafioed und & oo eseauted.

1E the dlivissn is mot . DIVS iz wlers) where the low dividend (IROSPW1 1) S putinne Bamd the EPSOND Bit s st to
Ihe st ul BRIS. Thiz is che sigr of 1he dvidand. The 1.!51. BL-].f“l“T "-} BITE=2 it szr-to lﬁ ihe: sigm ol the dvidand
{ir 1heE derazl Froa D O

I D¥E, 1he 25 romplemens o the bow dradend is tuker, This i dine D1 the evens the negalive Jdividend path ot
[T i do de taken and it offord- o chance to makes the dividend positive baders opeeaciog oo it T the negotiv
it s i taken, othing i dostoved by this complementing. Al Uhe sanniz L, chie '-FE'U":"«:'“' of bil 15 of the ALL
(UOLTLSF is stared f FPRCE for ratore use. -



Ar P3oof DIve, Lhe ;;nr:-rulunlsntn:ai. divrdind is pur dmess che HH it the BITTOCOATIT=00 = eade to ear 2y
I1lr.|i;.'13115.,-:s. i MELe. : .- .

TF BR1S wuy (1] i wmad 14V, the flowr ia to DLY'T whune the kizb cliviclersl s aenn we B g ther a 2% comiplene nt of
itocmt b linken in LR Moo t'hat tha-carry-ous storal in EILT v TAVE = fpw ased ag 2 cane-in oo 2fpct the 2%
complvment. Dhis armngemert prosldcs the 24 complerert aof the wota’ 324 dividend. A BUT iz made here to
deteroine whether oo vor the dividand is e st oeg Giee rnoonher (EUR=3% ahech tegz wit 15 of the BR.

In LW 0L e iy 1 'R_|'_'|'_EIE,~'3.'1"'| iz scon Lo B P g in TR Do oF RIS proored o0 be a 410 2o DIV, dea oe
rewder gnd ke BTY OT3T path s tukeo o 20971 (o Ko and TIV!2 whore flz condiion codoe oo st
appropabely e the e cxits oo MOYLE LEFS,
MOTE

DY QULIT & taken becase diviglon into the mesd neoative
marmtey roadds in opare than 15 Dits of anawer.,

IS poved to be 2 (00 in DLYS, the didivaism s that Dhe dividerd is not the oest aegilive number i PV @
is enleredl bor the Tipgo dosgion step,

Bty eotecioe DIVES inthis diseassoon, the flowr ia talier bogk to RIYLE whivh would e erteral i Lhe dividens
waz dowcnmingd, i 1MV3E, wn he paaoe, T thiz onse, the low dividend is muvest 1o DL aod trom BE o« DR
DIV14, Ar vhe suzoe limae, Lhe bgls dividend iz por into BR. Then in THY 15, the divisor 35 put inboe Lie 3 Bapiclar,
From cither palh, e enhance dnte OTVE secs the civisor i Boaod e tal divideod in BE und DR, wi h /L
Liolding the hizh 16 Bils,

The first divisicn :lzp i done al DIV S Tle apezacon i this step, o DIV13 ang o the loop RTI b  TI (T T
thcn 2dd, or shitt Jien subleac. )

Nore fram the steterwnl o DU 1A thal the T Teegizoen will De locded with BROLS 000, DRSS 6nd B as a Ganction ol
EBL3. This provess oo be Daluwes] vm the hineh dizgraon to the top righe of “he sheet. There it cun be seen Dhit e
BE conratanated with RIS, skifted l=ii-ons B2 pozition thowel the ROMUX, 2nd £29 oo e ALY of the ALL.,
while the B R\,g'_'sluri he disdser) is Gl (o the B eguar of thc ALTL Te pording vpon ihe state of B1E, he ALLD wAll
udd Bto ot subirocl B Ceom ide AN aa e? Che ALIT and foed it to T, throvgh the DBRILLS v DI The oyl bl
15 o tiwe ALLL it shifted aabe e low sed of THR as the portis] quoticnt, wlile 3 emeindar (i Lhare i ared i lerlp,
formmal in ke BE,

Por divife, Lhere mie pwn posside criteris that determine 2uxilizne ALL Tunciivas. Dne has sleady Taon menioned
(I3 o] oz g the deferminaint wheacver DAD-14 dn the basic RO s sgected, The ALIT Mugoons far the toro
states ol BI5 awe given o s teblz to the ok o word DIV 16, Tha alher cntend aie paen in the tabls to the lett of
T2 in which the dual cooditions of kol i3 arnl JHEGG me che dotorminanta, Theaz erc nsed unen e
sinratansous assercion of CPC=2 & -he oplicn 10 andl BIATIS 14 i the basie ROM. K ooe TR0 i the oesali o B S
lazr 0dd oo suberact. -

At DTV LG juss e stitz of D15 is weed (DAD=14 65 assnted). Sinez the Z'a complemeat of e div s b alreanly
oo tkon, and zines i3 ofler complenenling Whe lugh Tie was still a 1. the most neoalive pumbers wihd v hieen
indicated; ir. is kovwn at This poinl then B13 6 00 Thus, 2ha fiss sheft will ke place. tellowecy by o subimil
operacion. The zount 3 deczemen lad, matdng she count aang to 14,

The tlows then progmesses b DI 17 whers the e ol the quaten; iz derennined with mespeat 1o e abilite ol Lhe
Tmrdwane 1o express ik B8 s sreaber thar 16 has, if axceede the capukiling of the mactéoe und e 3T GO path
iz initinted, A auch. DIVLET s 0 Moddp -nesele b eglshligh the tear BUT (DY QULTD LU T Lhis vest looeks Ty Lhe
thrze posaible sots of condilicns expressed inthe Fawls o dhe cght ot thiés word, This 3 ceally oores [ coverflon.
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- LEVLA, the count i dermemerded and the © bit is ceural o indicare thar divide oy 11 e oo atrempted. This
ceduges Lhe codat fo L3,

Ab Ieis prsint , F BIV QUIT was nne fandicated rack in 351 7, Uz Mowr i3 to DLYLY wich % the sceond division
El.-l'"]:'lu Hera a.'m'[]]:r chift is Ell:.-C\,I'\'I'I'-l'lll'\-l‘l-_"'fl.. a5 aesacbind iheoes .e-:|-:|_5||_-r|.-|[ that now bt P14 e DRI a:2 vaed a3 2cteTis
Lt aelsling v sbrracting afrer Ihe skil {IFP0=2 b5 cswerladh, The cownt is dezremented, palliog the comn: at 132,

Word LMY 3 i the diride leep io which e s thmetic operitione ars paformcd dreondivg i the sama daerminants
{BR13 gl IFXOGY watil e rommeirdng -4 perdcs o compleled. The BIT far cougi sgual 1o {1 ia alzn set o tlis
wid, . :

L eonpr’ztion af the g, Ure Meve cxits to DUV A onshest 3 af the ELS flows e e complation of e divicle
vmzration. '

The objoct of the Jlepsea this shact is w ersome that the sizn of the rerrsindz= 5 o 2o o5 Tl b e dividerd. TF
tie dividend & pegative, the renminder st be steizd o6 2 negaier mumekar and wos v, Surlier, [e i of 10
ucticnr ouast Foiles The aleeraic nalz (hal Givision of eo pogative nuelk=s foor iwe 2esitive Ty has] pradoce:
a positre gustizn, whereas oac of eash produces g aczative guobierl. Puthormeors. sow the slivision prazess
siberacts ascomiing onders ol the civisos, &0 exeess nReration may vreur. MheriTore., Cae rewmiind vy soight have oo be
cortzeted sway from i Telere it s storcd, :

Erienng the flow om ibes gsge shows e reainden grored [ {10217 and thea somed in the ndd regiscr
(MW 22). The tost io DIVET {FIE=[2) s e e delarmine whick peibh te kke at the brarsh trom DIV22, This test
mivks al e stamee of D15 {the gion of he divisee) and TROO 4k Juw bt ol the quocizil]. The B le irdicato:
whelhe: 02 oot 3 commeslicn st be made, 10 DR0S1, no coneetion is rajuied, bt 3 DROOSD, o corizetion 7
regira. W BLS=0, o pusilive divaor s ndienes; il #13=1, & nezotive Wivizor is indizatcd.

Foole that the cxeeeme iefl-hand pern 1o DUV ES & wbon  the diviyor is poaitivr sod oo recpeincdar conetiian is
neaited. The text path i< taken 17 the divisar is positive ané rerminder corrselior is reguioed, Mote heez {DIVIT) that
the eotroczion adds e divisen (5] T 012 Iemeirder (BR), cormertiog wsay o B The pexd paibe o TIV3T 5 taken
i rewmander corrozinn s reguited T  nooutive diviee i which corrarlion away fam D rsadl: i the divisor hooe
subimiclad Tom the czmecrder, Avd the lase pash o 2he rdght iz sakeo o BTV 23 F the disisor 3 negetive a1d 0o
Tomnir ey wormesr.on is orlled fut-

Tha secomsl wind in those fwe venirs. carcesion pds siees both the sorrselel ingiadsr in D o ihe edd Seares
Eemizier arnl in the ER Rewster, The copy in LR 2 wed Tor s complemenling anc is cronsbeozed b 1200 case The
dividerni i dzemed 1o be nezalive by the BLT (UiR=11 16 cither wonl DIVAI or DIVAL In winls TITW 24 op
Diviaa, e enqnplemeznoed rmindes is sccaroed frorn 1 to Boand DR,

Al ifis paiat onocihor DEVES o THV33, the msults of the BLESUTY are osed to gudde e Mowr cither to the
s uve disidend pithe [~H13TW 00 or the megive divideo pe (SETWVI). Mot thud ol thic point the stan ot the
flivigar is Alrcady implivil i the path, .

The poilt fiesn DTV o DIV2S is kkes if both bhe lividzad snd divisor are positlss, Thiz iedissies Thal ke
qucrtien, will xlso be goaitive, fn JFW 25, therotoze, W quaatizat iz senl Lo B ands BR Trom DR, in LY 2R, i i3 soorcd
in Ihe peen Tagiaten Trome I, while the status bite are apppridrelhy sl pelors 2K0 00 MO L,

Tie gt from TV to (Y35 is whea if belk ke disiderd and divier wee positive. Qace 2in the gquaticne widl
be pusilive and ths zame exii path as shove 3 ten Hocugh DIV3S, afler The remainder s &% complenceted o
DY 25 smad sered in O 36,

The olher e puths ((ramn DEV24 to DIVZY v Niam DIV34 L OIVET) are cakew O Hhe siges of dividernd and
divisin e diffsrent, vishling a negative quodent. From DIVES o JHVAT, e cemplemescing of the rmnaioder 3



ieqrined befors corpementive the guatico:, The somoeoed 12 ng rder was abenly sboret beck in TIWEY howasrr,
frome DIV o VT e vl must Be compleinented Befnre somzieoeating the coe gl This % dono in
L34 g LHYAG whiere ve rimninder is stoccg in s ocd ee - lar.

Lotecoyg, DIV3ET, thy ceraaioder Tas beor progecdy stnaed aed the Qe i coovcined =ith atenng the quaetienl as g
oaitive number, lomedher wrch dete reining  F that qunr-e.ul oo s ol e meass ceestive il - | ICEERI,

Al DIWET, Jhe gquotizoe iz 175 complamenzzd (in the ewson Lol §0omeeds 1o ke a2 che bezneh oo ol |:-T1, 3% 4
DUNES, 3 b suered dnche evon regierer (a5 wall as e B DTWER aiso et up e BUT for DS (ETTR=0, e high b
af Lw: complenenlzd -quuticnt. Thiz & dore o sge whether or nol e quadant §s oogecve afte: 175 camplaresn dng.

lp DIw39, at P21 is Bdlﬂ.l:d ta the L's cornplenue 1 oof the guindert o src i i i a owast aegacive snunher I'.-.-r =t
complemenzing, Thia test cocwrs betwaea P2 oand B3 af Shat wond,

MNOTE
This i= one #f tiee few cases in which o LT 4% soacd= i the
sume word wich the medification o that Jal, The doily i
nusdificd an P2 and tested fron P2 oo P23

At 3 the 2% earnplenenial quatiesnt i shomsd ot evai cegiaeer, 318 the vogudn o 246 DT i 10632 Lesurad D15 ser,
the guoticnt i@ oet he s, negodve pegober snd the guotient is snored ic TITV26 @thede e stalos b ar (o set
beiore cxding to MOWE FDA. 0, boweesr, the pesult of the BUT i DIV33 fonnd THS cwarl, the quotiznl wus
indicated 4o heoa cgative mwnhen, il in PV 8, The locai cofdition codes are set o Badicie Ga. .

Ceming oo of DIVED. the vz of the BUT in 131% 39 comse iodo pliy and 3 DL teared 50 b alea, e NRERCHIE
deziotd wo br negative Tow sor che peasd cepalive. This Moaes Lhooush o Mo-Op an DIV42 o MOVWE FPS: bl 13
wztrd o be ot DTY3R, the guatizn: G he s, neggiive nombss oad in DU the BPSCY Y =it 5 sllzied o f i,
Tl Hoor o2z to TTY QUIT.

474 KE11-T Flow Dinmen Discnsie

The KELLALY (lows coe showen e doasweivgs DFDEELLF-FD. shears 3 otheoush &, Fhe focnad of These Muows -
Wenticel o (he. of e KIN-A sl the KEILE, and fhe convoptions folleo thuse deseribed in precaling
suracraphs, ) :

Lonry dplo The RS Qe in cimoogsh the KBV drciialised inoasivn b vconer G thal dessnibed fne tha BT8R aption
in owhich the Tow Folloses throngh DLECLL anad e BLE 37wt b3 5 al the 0N acldres: . Flis sernls iz Mowe ren
inio the sxpersion WOM ealydag she LIS Do us deseobed befoape. Wleo IHITCLINS TR . eised dn the TI5,
decoding tuxea placs to rocoapiry whather o 3 an 218 or LIS dostcustion; w40 il cutzals 2 thet decaling viehl
IR=75xxxx, that zignal & seat 1o the VLS hardwan whers 30 is galed wivh e proper LE Bils foy e ULS indiengtinn 17
they compace. o sigral s geat beek to the ELS beaoching legic, forring o bricwh W ibe IS EXTE and fro Lhers oo
the FLS cotraocs on sheet | oof the FIS Cows, -

4741 *FIS Eatrwr — Sheet D of the FI5 Hemes daseribes e 118 anry ;Tl::;-liun. Farlre b Lkis Mowe is 21 FIS 1o FRO
ut Location 42 Uers the slouting swek peances (BT, 2ednlest o by The dest oalion Tiedd nf tha inzbrenn, =5

Cinte cic BA. Alao the DATL s iituizd sl che deck i sl ol Lo owail ey respinse, The eaatents of R{DF

paint ta the high B arpomenl on the stk contiining the sjimy, e exporsnl, and e high bl Uz man s,



Thwcre ae tan TuLEERS 1,|_'|_1\-:_'||,||__r']1_ Lhs s I'e'.i;_:hh:r: arad ﬁ:.-.:'ri1|_r: 1he :v|.'r~_\_.:l|.rnEr'|l=.. The it Crorn FEH .'I"T“"'E';h FMa
foaches ood wdjusis the D oacsumuenls- The <eguml Tromm FT' throueh FPU 4 Teiches and :|-:|_'|',m|5-: 5= A argurnen ls
{ Figure 4-117, :

-
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T+ 7 Tl 4 AHLUKREER 13w WAER IR SA
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F TR TEY SIS § Nas Bah— S5a

LI 1

Figwre 4-11  Floatine-Foint Arpamerts Qedec o oic Stack-

FPI zirnheg the aggumart i1 off the bus and pioccs it in thoee plases: 1) in BB 2) in B, and 3} in Br11], the vdd
ragiane . Moty that the pencral pusposs registsr fhat iz ussd for asavope (10 or D37 o fusetion of ARGA, The RO
always spacifizs the add oeeizes in chis Aowr, but wehea ARGA s a0t L:nnlv durina chwe s=road peas throuwgh the Hew .
r|:. salling diverts the argurment fetched o 2hi even scpistor.

Ta FIm2, al T"E, the Figh F".- argitkeat in the BR =5 puc into the DR the gaioior is intzemensed e 2, and £ DATL i
inilisled in prepaeation Mo gerting the low B siqumene. At P3 of FP2, the iacremented poinior i reowncd to B DE
ard Lhe clock ® taened of T Al 3 wait for neowcy eeegonas, Fr2 acrobea the low B armumene inta £413) 2od into
R. |

The low I8 argmnenl is Jrifled leit o, B b adding it to itzzlf. Moz that in FP2 the low B arpumert ia 2aat to B
angd in PR3 lheess cimtens g oashifed o the some stz g BiOL3D, ﬂ::"l sent to T as fl'l.. carrr-nut |15 i3 -*.;m:d in
LIPS0, _.5_l L'# han, Lhe -:I:l. Lal dala is rebrnecd ‘:I T'!.I 131,

LIPS puls e Fish i acsurrril., which was slumedin B 11 FTG, m B aad FB stoTts it left. This single hee-shilt o
Ihe lelt puts che entipe pxmmeenl Lhal was partiaile i ke Towr Bvte cnoe Zie high byes, Tnoae dnine, the zign hit is
shified ol (oo Lol <BiL e BEY o] The ETS0C it s onzeccd ar che iow cod. The csroe-in oo che AL s cnabled by
GFC=2, This dealelespraci-on shel -1]m|:|1'm-|' nuked ar appeas that tha Pl 32 bits wo e ahitted 20 ponos and provides
i exley bit position on the o end o the low B argunene for fooure rounding purposcs. At P2 af fht word, the
sliMed biph B argmaent i retmed to Band 20101

Word FPY it used ta sepurate The axponenl g bigh mantsgs and o st the exaeizot o the lew hyts ef a testable
word, To do thds, ke high =ete of U is Meeged o 0 ERCO0] and the cxpenen {BONZ0E ) 5 e 0o the low by of
0. Thiy is dooe tor fuiure vverhoge o arnlerTowe Lastine. These eonditicnz w31 he del:EI:l:d. ar ahat thpl:"E rexth
hiph beyve of D0 1s from the right = oveelow, 18 Trom 1z Teft = underowd.

I U176, the sepamle] acpeaens is zeat fiom O oo B4 US) and 56D was aipaad 4o 0000 @xponeon) the 1EPS0E) bit is s,

Sole thoi A% g ot alevant on the fiza pass throvah this Hoiv, The seromess of the sxponen. is also lesied Yo
Biranching at BRI (RUTT{D=00_FETTE=1) a0 that i it 3 O, & G azzament will then S senema sl :
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ALLVEY, AR Riddan T iwseried Gl oambers 900 assvrcd 1o 20 Roms: i) A U D cd=is asened, genniaticg s
coatenl o 300, which is wored ontn the BUS BD e AT of s ALV e ther abdec b Os Ta- e high btz and
Fo L0700k For the o bete nf the B port of the ALLL

LOTL
AT this point, the B Bepiséer helds the high mantissa (sLlfted
lefit b FPG). The previoudy scpanited expanart is in K15, and
the: sign Is I the copy of the hich' B snoumoent skered in I
itk dn FP1.

Ward FPY alwon DU s vhe stale of the ARGA flop witich for thiz st poss 3 clenrad Coanieg ol of FP9O, the esult:
of ol el fin eepincenb (03505 0f BFTE are et

If tiz coponent was O al Lrat tive, the flow poca to FELO whers o 1 i mensmied G the whole argument, The T
Beopisior i [imsi semieel and that ia thea vsed 2o 0 @very sppeatimes ol Lhe how B oagament (BR, B, and RIL3)). A
FPLY, the L is nsed 0o ceen the Tigh B arcumca: in BOLLEand e AJLGeA Tlog is et Wote that the ARGA BUT was
irt UBLO, Eevweewer, wliraziing, Zhe Ao acwr o FPIS,

If, beve in FPR, the eponert praved to bz nel cgquie to 1, The Mo frons FPD iz to FPI2 wheos the pere bigh L
tririisga i T1js storad in Ry ] L) and the ARGA Cop is aluckal belore procecding to FPL

T
The hidden 1, meened o FI%, s used only IF e exponcat =
©. 1f expooent & 1L e 1 s destreyed 0 FPIG and FP11.

I FELA, rhe slen 07 the B arciencur, still i B i siesd in RS aned o EPR(NY The atack paiatar i I.IEFIL‘liI'!‘-I.' ir ihe
I} Kewisten o paint to fhe high & atgunment. ond han pun back in BT a0 P of s word, Oner i the DAL s
ipilizied ard the ¢ nei iz tuznzd off to weit for memory o pespeanl.

Frrome LA, the Mowe is to BPL to fetel the A ocvmern. T ha ot 1 ARGA Jog s mow sot overCdes Lhe low hin of
the resister address and canace the ever poovral reoisers o e selecied, Now PARCA will scleat B{LUY for <lorags of
the hizh & sggureent, B2 fop the oo A aroument, and 14010 Tor slurage of e A exponent. All other epetiom-
are ilentivel by Lhe Telching o7 the B agaments provicusly diseusssd, exgepl Wal flis time in FPS e szooncs: of the
B exponent o LESCEY is transfermad oo ZB, ad the eroncss of the & exponenl is pad inge FPRCAL Nowr the statuz of
bty vpomaods can by oused in FAMET. and FOIV to deeoming aolemaliv peresiion of a 0 ansaer Alio, thia tinw
tlw ARGA fop is closlesl b Ihe elear state ao that odd or cven sogier seleation can be delaonned by the RO or
the ZRstouction. ' '

Coming, on: of FP[-'_ on [PLE in this pass, a5 o FPLY sinee ARGA woas selal FFL T this arord. the Weh A
argtnent (aresed in DR w1 FP2h i sent o 15 and the decsdiag of the insizuction '« misle (EUT{FINETR 1) EUB=13].

A1 E1LS, the high & syguesent ia B oard the high B aggumend in W51 G Lored in FFL3} arz sent theough the alL. s
be R0, The BSR.02 also sont to the BR vin e DMLX, The X404 i laken ar this point ta datecnins the sim Jor
IMUL uml [1JHY,

Lromn bers, Hee Mo exils o the approprisee pape o2 delsmiosd by e LT i0 FIFIL

474,% Famn and FSUE — Encronse Lo s Uow s either ot FADIT or FAUE, As shows in the disgrznn, the
cpmations s identicsl oxoop for ome eaim wen in Neanrg subtrast becmedonas, This i SURO o0 oczoon 522 0
eAnch the high B arpamezat jo MK (suberabiend s compizneatad in D |:f.'|:l.']':.'|.'r' o chinge sipnl, and pos e BEL

Fowe is then diverted o ths add o 20 ALY,



.,--...

§o Herivpadd insLooetion, cntranze Gwoogh FADT 8 to ADDO at location 320, Werz the low B anmoment in
LA i senl 2o B oaud the zign of the B argoment (BRG] e icared far the branck cut of ADDIL. For FAaDD
insirpelivss, BR s Toaded witl: the huzh B argwmcne 57 FPLS and for FEUER instrvedons it is recpaded &0 SLA).

1 AT, the s complemcnn of the Loy B aopumcot is faken, DAD=10 nseres the sy iate the AL, and [he
curv-out @ saved. Ths whele apomtion i done in ceec e B argomcos s neitive, In Gk vasz, e Braoch s to
AL where the T e complomeant of the low B arpument iz atorad in 80170,

AL AIUY, The higk B aigunseng (T L 'I-_EI s ez dnta B aad complerentad in ADCG wa70 the signe-out of tha prfl'lm:s
2 pornplerpenl ingerced tn vleld s 330y 32 complemend. in ADDT, this .::-mnp]n:mn:ntcd hish B srrument ia stum:]
back in 1117w Taes ]:Irlilu;':Ed.'F: ki "'.'Dm

IF BIE1S was U:‘]] irp ALTXD, the B argunu:nt would have boen positive, Jowe wovdd hnt'.: aone divcacly to AT, and
comiplementing of the bigh B argoment wotdd oot have oecurrcd.

AL ALY the low A argement {ROL2D = pot in B aad BR, and the kigl A asoumeor sipn is teated (DRLSS. The DR

ats Lovaeles] it thie Juigh A ogorment at FIF2 The Toor A aggrement iz thea out in HSR in ADD3, the 2'a complencnt
il ke div case Lhe argumest s pegaiive) and poc csoe BR, and BUTICOTINT=0) i= doas for BFPRs.

L 1be A& arpronenl ds positive, the ow proceeds o ATYOE shere the hich A arpument, uneomplemanccd. ia pot into

Cthe HELTTL i negative, ADTS i zntased insread ohere the complemented low A xamment i stoccd o LEE uad the

bigh A asgirent (RELAN s pat spee B, The 28 comploment iz then telaco o ADP0 aod pud o BE, Hede thn

" auther Tiow (DR 5(0) or DRLIS(L)} results in the bigh A argement being soomed in W

: Maow the sxponoots arc consierad (lhay weIr sepsoted I.:||-:_._I-: in the fetching el Lhe araurnen b, ad v ATIEN T, Lhe

Aph A arpament i put indo rJ:u: DE while the & exponent in RE1ED in pal dna Ii Al L suane Lienz, the BPSEEY il <
cleared for later use,

in ADDLZ, fhe A sxponenl in I s subizactad rrom the Boestponent in R{5) ard that diffesencs pslich is used &5 a
siift woantl By ledogs ap hinane poinld o opos ok B and BR. Wowc that betwaen P2 a0d P3, TS whizl indicates the
rela P unship 07 argimen ) expanents, oegeed Tocthe branch out of ADT2.

IT, ir A1I02, 115 was ser, o indicared chac the A cxganzur (RUL4Y) weas Soeeber thun the B3 excponent (B4 1504 aod
m thal cnse, oosilions ol all opusens and sxponsots ast 90 soapped. This is nesmsury Juter oo wicn Gouny
pednts aea linend up so il the proges Srglament @ o posicion 1o be shifted.

ADDRT pecborms o s complermenlin casz 525, and the flowr pl'&c;::.ﬂs to ither FADDA cxit if B4, or 20 ADDL4
whiere 1 pemeral swapping opesiion begns. Mate that if the crponents oec equal (D=0, the sztting of RPS(E) io
lhis wpcom ] { AR Pralic bes thar Gizs,

Tr A and B arguments ozt Jlwags: plusss, ADHIR A moves |he A sapunent in D Goelusl counc o BE, SO0 5 moves

i Trenit BT #0 the cauat, and waovwea the ldee A G LEED (o D o ADDLA, the Jow 1 rzument iy ol doce Lee BRE,
and in ATTKAS the low A s put io B{13) ftom Dy

HOTE .
A thia podat, low A s wher lowr B wus,

At ATIDNT, low B in E-Rm pum in HSR. 50 that Jow B i o 1'.-h"n~ D A e b by el 31 The e e he high A

©in F.‘IR id an:nt to D

Tn AT, the high B in Br113 3 pus in BLG i ALY, G s -l in Lhe 1312 while e Tigh & 10is oot i RO 1.
How both arguments ure swuppad cod in ADDE ol AR the A exponenl is put ®here S Hexponent waz. This
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cormplares the swup ar arpureats and exponsats. Ooly the & exponzai i mowed it This cpaciior, The B axponan: 7
Test sinee their differsocs was dzrcnnined in ADDLE2 gl A 2 been determinesd (o be tha e,

HOTE .
H % owas = oA, BOESY would sl comion Ihr InTper = |'||:|n'||:1|.r
m]l

Flow chen procesds ikrauzh The ex®t AU o b siesl shieat ol thia Sow

Thz flacting 3dd znd Houtine subiract flowes oonlisiee onshest 50 the FIS Thoews, Lhase oo Theowah FATIN oo
ADTEL at lopation 740, Here iz jow B aroumznt is sbilad Jefl wes provicle croadditioaal bl [umilil.'l'li v e lovie el
for rounding. Thic is dooe by uddiog - B{IRY ta itself, sovingg the carry-oun, and aliing the res ol in Boand BT Thes
iakas torg extra rovodiog posizions, os cha firet wis gainad io fedching S 'Tl-'n.mu"h

MNOTE
" Although acgumente are identlfied jo the disrussion from this
Pi'lhl[ fan, bt st e revpembered that doe 1o m‘apping. what is
valled the Pow B here pary be the Tow 4 What is termed the
lewe IE-shamule be thml.-_g]'ll: ulf a8 the b of the bwe apgunrents
Im gy confjpaken,

Sinee o ghill & perfnrmed, the connter 5 aliackad for 3 coont preatoy rian Sty This condition would sxceed the
v ol Dhe washing, The manbissa eopslsrs ol 24 ble ieeloding: the aidden L (74, o =30g), IF the dilieenas in
exoremienis evcseds dhis the haedeaz o0l non porZapn: any chifting aut will ke thy snmient add de Ligger
ERImIErL 1% the primvear Delse ropding and vocnaligznon,

The RUT {COTMT=30):F1E], EUREY 5 mads ar P2 oof ADD2Z, and ar B3 of that wonl, the court is decrem=nie].

AT perforns the saime shift of the ligh B armement by aoding BOTY Gitsel Db e carne-in ingeigd lioa the
presrions weord. viclding a reswiane 33-0 et shitt of which omly 24 bils ame (unked ol The bigh bits are congidersd
. extrnsion. ' .

Comiag cut of ADDE2, if the zount wiz s2ns2d greater than 3k, the palh-nn AT is laben, “herely Typas g the
binacy point aligriecon procsduse. and pettog Cie tow answss i 165K awl Sha high wsswear io B BUT COTTNT=0
nocomnmodics MPR sorvicqnp and thye Qow proceeds to ADDSE, Mole that Chis entes the (0w alter the stzas that
wonld ez bean tuber T the exponenes hod besn in zange. [0 this we-s tha casa, flow would Be tn ATHI2E from
ADYEL,

A1 that poine in the-fow, the TR (hgh mantisza) j5 zoocateaeted with Q3 (low reangiza ) Whee these hic are
S led right, Lee sige of the TR st e doplicaeed. The stidemen® o ' CALYDAE) serfornrs That Nonclicn by
placive 1HELS (i) inte BROM. As ahiftng contnuss, e sete of DRI o duplcated. The BT in this word s
waLing M the eouality nf expenanig. BEP3E) and ZE have proviously beer et Lo indicie this équelioe. TF the
exponants ey eual, FPICR) will be set, no abifting doe to cxposent differencs is megquired, aned b Sl is
AMEES gl ATTIZS wrlere cha e Ir docreraented agsin, Mote gial oo shilzing Qe Lo exreseen difraocs s
reqred, b that hinary points 2200 reqidnz fining up duz to the tao dara oamding it ajresdy added to the low
end 07 the B argosant. Thia, the A zsgomene {thae picked op ooe exde bilin Getching) mast pick wp an additional
extra it 1o be allgnzd with 1 B argurcnt. This is dons io ADD23 whers the bigh & arzamenl in TR and the Tows A
areomeznt in HAR ape shlfted loft ane plyce. HSROD picks up = 0 fiom MRS, This wiond then carees aff to ADTE0
wr bezin the add operation,



I7 a2 a resul of the BUT in ADDA4 the cxponeats voere determoeed not 4o be equal, the iedization iz thal shilting is
roquived to olion the bivary points, In chiz evdn:, the Moo sonld proceed fheough o decienent in ADREE Lo
AD¥G, The count, hewevar, had alao becn deerevacneed in ADD22 50 that the aviginald Terencs in zrpo-ent s was
roduced by ope, Thes, ¥ the BUTVCOUNT =) in ADDZS i zmae, an ariginad differencs of ars i1 expananis axjsted
wrd mu alignoment iy rrquited ;e un additicrol biv position was picked o oo the B argoment o ADD2ZZ and, B acl
ghilling the A arzumenl gichl ons plice o sxhaos! hat diftzoeree, an cetre placs on the A arpameat fas @ Fectively
bt pprizient. Ju s wyen ), Lhe Moo oal of ARD2S will not be to ADD2T bt racher te ADTA0.

lo e evepd thet the pesa b of the BUTECQUNT0 o ADDIS wae 3= 0 (mote: this BUS iz after the decroment in
A2 bul beturz The decremenl in ADDZSY. the decrerwenr in ADD23 will couse the BUT v ADD2G e indicnoe
thal un emigioal aiffersoce of oo exizled and jusl aas pas is equized throvgh ADDZ2?, <acreky shifting the &
srguman L une alilicacl pesilicon o aveonnn tox the exic b2t oo the 1owr cnd, -

b ALICRAT, Lhe i ber of paseis wil lailwe s b oo s Ui e origging) cound Far he csoos jost stated, and in che
snamipr e jasl gy e lecmement dn ADNGZH will arne che flow oo of ARDVET Lo A0S0,

A seld of W owe Ao aod ey B oamrnmwer s & pecfoomed in A0030 und che sosulis (low saswer) ars storad in BRS
The lirar poswesc is thes wenn 1 [LSE in ADDAL crd the biah B araumieat (B : 130 is put io B

An odd of he high A und high B arguments is performed in ADER22 and the sl Chigh ansmer) ez acead in BT
The wigh pwwer is seof 0 DE o ADDSES and cae low anawsr in HER G pos e B The aign of the aaswer {ER13) s
it dn LS. :

A s complement of Lhe low imswss 0 00 is tiken @0 ADDSY and stored in e BR. TAs is dooe in cséc the arnsser is
nezilive, &1 sumoy lime, BULEET S s meode 1o el The oo i s2e et e for the braoch out of ADDES.

b ATIEE, 172, the Yrigh smmwer in IR CHEed with the ooy gmswer in & thoseah the ALY e D) Thiz is dooe
acewirrnndals the HUTO=R est in The sl woradne the weromalize Sow. A1 3, the Bish apswer jo DE. is sonor
theangal che TIMTRE o B ) - :

At tids power, the fiscts of the sien of ol arawar ars fole, TE the atseec @ e, i@ shofed nehc 0 ADT5E8
gt 1id af the sroond cerea Bit o the low end and the Tow exits 2o WORMALIZE. T7 iz snswen is negacive, the 27
corplement of the high aesos = aken in ADTES and o ATFIET. t: anemen i pod i T aud ® Tur Lle {1Ting
apcraticn azein in ATIDEE. This wne the BUT (BRI 53y will find a posicive anmser (b2soge ol e corplemien ialion)
3ad exit fhiough ATMISE 1o NOTMALIZE. )

There are exicg i thes reowe Tor b ecpaats. These tosts, made he hardwaso assardion o7 GPU=T, e nol mocdes on T
BEIT MATE. Thiz cods ol aseat hil 3 in the TIRF and cavae the G o lnanch I||'H-I{IZE_I il huos mequest Bis hesn
clocked ia. Thz bus data cyvele vesta swne wold have clocksd che BR equest Tl dn the processor. Che:
BUT{COUNT=0} in the option elan clocks that Mag and ciooghose Lese Tuws Uit DO apgreses pr'n::-chn..llh )
whzneess L lensth ol e r||r ancomzran has ke o wnsidarible seriod. :

If o b r:'qun:ﬂ lwd been fagoed or ADDES whea the fow was t grocead 1o ATIDER To- exinuple, Lhe A2P0=7
world have heoa ssadited n ADTIZS, causing Rir 2 of the TIPP oo he assieced theai changing the nexl adikress from
TIT (ADDE0p o 757 (BROH L. ' '

I7 tac floor was f-"-:'.ll'ﬂ. AT fheaugh ATITI2G oo ATIIZT, ather than qu o 713 {-'I.IZII:II-:!:-"L thue o el procecd
to TA3 (BROAL Also in ADEXET, chis code s agsa _l:l'] Mr ezch pass Hecugh ths g s Uit e lime o oy teques? s
present. the flowr will snmediat=ly hanel tn BROK.

When a hus reguest s senzed by a GPC=ET eode, the mstmaelnn s alborlad, the sl pornier is faclked op o oche lgh
E crgmmant, and the B iz backed ap to the Meaeng soecetioon Thee alowes relome oo oa ostim of the |:|_'|uh:|'|____
instrction F o ECrvicing £ 1eydest.



Tk |a'|1[a.|‘1 and REQL F":“-:'-"—"'m ;Jm AT n-mra_ﬂc.p'h-l,r m_"-]'li:r._ll_ipp ilvsmadanil o I'i.‘i-a I'I""'If'fl'l"-.'-'?'j o desrentenl th

el Tt axite rirough BALD 1o LMAJE at |pcation 755 wheee the comsizeni i H s subliazied Nean R{TIF}. the stack

puirbar . l.'FF'E it cleared 1o swilch ROMs and word BROS deczemenl the T by 2

v brdction.

Tha fiaal oxic 'La_tu Ej_-;ﬂ'l.-'l_lifl-: Cinthe KDL L -4 flows,

FADD Exnmphke

The Followime sherl lisis the contants of the various tegisiers for sich Mow disgrar stap of this example.

Aeep
F™

FF3
FF:
FP3

FPé

FP?

FPE
FBO
FEIX
FPI:
FPI

FE2
FEd
FE5
R
FTET
FERE

Fri
g

SO0 AL 3

Conaidar hidden bir;

Arithunctic:

Bincs idden Bit 3¢ £l imepbisd in Tegul:

Q40000

000000 -

UL L]
1000Cx)

. 40000
(KR

| Q40000
100000

(NI

1]

D07

LK)

LA
THRFIEH]

O

CX¥0N

100
0002

OO0

OO0

R3] = 700%

TO00TI0KN0
TG, 0000
7904 ,/040000

TODG 0000}

Bop fraction =

Aen fraction

&+ B =12

"BR . I AR

.mumlo...\m £000

i
ber 1
Ll A
L A

12
Iz

cEp = 0
cip = @

2w pon oo rhn: Jioating

R U S S - I SR O

1 = 24 1/2 Therefors the vl 1<l o] st be:

04 M2 Hi ans

IR CHINC

MER

CHIN00

412

Tanans

Repisecre & Motea

K111 =ml!nm

1L ]3] =

w13 -nnmm

R+1| = 000000 EESC)p=0

R{EI] = 100000 ]

R|15] = 200, EPS(Z) =1} £ =1
Inszrt lidden bic in O

R[11] =400 ARCA+ !
BES{Mp+0 R[3] = 004

R [10] = 040000

R|5] = 7004

R[12] = 000000

R |12] = 000000, LE‘EH.} 4
n|m| = 1000y

Te|14] = H0: ERS(Z) =01, ¥R=0

Triserl Liddern bt
110} = d0a0G ARGA R



Srep
ARG
AL
ABERY
Alrss
ADDA
ALDN
ADDI 2
ADDLI
ADDZE
ADZ]
Az
ADDZS
EA B et
M H EE
ADEE
ANGE2
ATITAA
A4
AlITaS
ATITIAR
N1V
W1
sk ol
NOIMY
NiIMG
Ky
K10
KOk11
012
O3
B 11y
EXII
XL
LxI?
LXis
Lxid
1x10
FXI11
ANILES
ASlLZ]
BLENW L

OCICH K

(ICHHOR

Q3200
QOGO

LR

01000
(0000
DO N0

(X100

Q0L

(HFICH]

11 - . R RSk MR Reoiaecrs & Notes

100000 | ' EPS(C) = 0

QIR0
Qoo0a 000000 G EPS(C) =1
Q0K
O, EFEZ)+~ 0
QoK | ) T <1 A
QOOCEN] [HEXXH LF3L=q
THHI XKD B 1] = (iIEHKY
(A EH)
O L] ONHHX)
IR ELELT FMaC=1
: QO .
Ok 20040 (W20 .
(HF2EAY . - . FPS(M1=1]
[LEERL] 1L EA ] Fl =11
CHY M)
. ' ©DOQLOT) CHWGCRIN © b o munmdiee
S ¢ AN L] . . )
(kX101 ’ )15 =201
TG ] s Ao nor nodmaliz
OO0400 30000
LA CXHIO0 Tound ap RPRCY=A
L HIT
CON0 0400

THIO0A4 0
a2 Ot
LRI FINF20 ’ '

(I (0000 _ LFS0T s Wy RS A=
0244 '

K[14] = 244
LU . * AT, Lo Ans to TG
o : K3 = mas
JELEAIN Y : ¥ AT, Tan Ans o TO0R

RSN} =0, BFSZp=0, LFS0Y.0) =11
TSN e RSN
N1

#1lerz we upres with oziginal valzulalion frimm sheel 1 'ﬂfiﬂ,mzm
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4743 FMUL — The Mot resltiply Aow bs thoien on shaet 4 of the FES Dl in Bigure 5-120 Fater to this
Moy is tlroupgh VMUL G [FWLN G location 324, Tn this word, the eslenls o ide 1} Bavisder s put into the BR.
Thia j& the resull of [he XOR of B and MSHE pedanmed oo sheer 1 al VPES prier Tu eniry aml represen b sha gigis of
the arswer. . .os

-

WULTIPLICA]
I
h 2
' [T ES | nul RLET _
S4IFT RICAT [ Ol | 1.<iv |
L b3
e Lh L . 1ZR (BT
HiSE FRUGAIZT 17 hidaeT M HLH KLLTIFLIER  |—=] LOW 'WILTIFZIZR
i
Ik

Figusz 14 FMUL Llow, Uiocls lili:::vmrl-

fu FBLL, che b expanent [ROT4) is por in B uod e sim al the rsavei !_'.H'F'.lﬂ_] iz put-in BPSAMN S Thy semoniess 00
the A and B sspensnis is tosted with BUTZELPS(ZT, Lhese bils weee skt whie Faiching the exponenls in FUS.

Word FRLZ alz-2he A znd B oxpononts and then presesls Jooeddies UBLE o1 FMLS. Beole bal sdilivz lwa
expurer s, sqch of which is expreased in exezes 200 notdion, vields o esull thul iy o escess 30U oolation, This wil
he gorraclad in '\-IJlZl'\.El:]IJEI'I[ ALE|H-

T the cosue ue ke BUT i FMLL indicatcd thot ome or huile sxpoaeits Garpoimenta) woe ool 1o 0, ce How is tuker
to FML3 where Lhe anse is S0t Before exiving o XFRD A un the NORMALIZE fow. In this sise. the fact thl
the addition o vxponenle prodnecd eoees 400 oo la ot ks e neaiag aed is goored.

IF nzitiver augnoenn wes delemmired i L7 e equal o 0. the Sow iz to FALG where ibe exponer | is samactad
1o exeess 200 potwdon by cozming @ oconelanl ol 206, That valiz s dhen suburactsl in FMES. Nete Lhat the
subfraction cludes o “BUKLE 17, Sualmciing s additional | i done 1o accommuodi s hes er iy Lioseena i,

Thz muiciply Joop count is fonmed o FMES g groerala] by MORSS (305 ar 24, ) 50 thut o2z e multiply _ooz
is eateved ar FMULLL. the hardesre wili ksep imack af the wormber o puascs throoeh e Joop oncil vl 24 bits of
sizniticant numlisss e besn momiLored,

a-dd



o — — ) — —— 1

©LME T loads the couont apd puss The Lo snllipdies (RCL2E) into BR., This procseds o FMLE where the loar moulti plizy

% hanzfased from BR to MSE o mpake ssom for the eh oultiplisr {BCLCYY Ceorncwhicks o iz o i HSE o FRILD,
where the BR, iz alee clanzzd, AL Lhis print, the full muitiplicr is in MEE comzrensied with HSR.

Az FMLLO, the zerued wonditicn of BR 2 teed 1o ddear the VR im) Lhe low mitiplicand {R(12)) i put inte B, This |
sz up the foll &4bi comcarenscon with the ER and DE leiral ready to receive the produest, amd with <hes
watiplier jo HSE und MS14. Thes Doy in then oo ce entry of The eoulliply oo at FMLLL

Ini Whis word, a ahitt fohi throush e DM is dens oith D{C ) gecting ALUTS. The 1) Regizun gels e ok pastisl
pronkus {BR] and the count-is decremmenle=d. Note that the staoe of MEROL i e Leaid dmn Wi wenmid ratler than WSRO0
This % baeause MEROG is wetuully The wxi hit picked op by shitting dvring the B lehing of the ciguens aa sheet 1
ol these Maws and iz conscquenfly el sigrificant at thiz time.

Cm each pass thiough the multiply Joop, Whis bil msitnon alware coomin: the corren bzl gigmii G Dit ol Gc
mullipli=r- 1L & thiz boe that & vaed 1o delemmive whetlier 1o 243 and then sift or D Just shdll witheet adding,
Wheoeesr MERO] & a (11, fhe roultiplizond mustbe added to the peetial product beiery <dNing. 1040 {TR, & simple
siift of the partial prendioct and rouliiplior iz exscalal.

In this mulfiphe lep, the Do iz from FELLE [ P Oroogh BHLTT and bock wo UMLI 1 whenever MAR0T 54
(11: ar wheaever M3 35 a {0), the oote s FYLTZE Ly B3 and then badk to FMLLLL o each pass the count i3
tectad, wnl when COLIN U=, the loop e exdned ez flow 5 0 FMLL S toostare she preduoes for aczmalizifon.

Thare are fong bus requesl. Ascaped. These are BROE (G5 md BIRO3 {657}, BRO2 5 naed tor bresbeurs dutitip e
pass through the Joup sxeepl tha last. On the lase time iheoogh, hiwevas, soming cut of FMLULS, the B gelbress
512 can e muadifed Crocg T somess at the sane tma. The Bl tas COVTRT=0 modities 613 oo 6317 (FMLTR} and
2 bua request von owadily thef address to £37 or BROS, ey e Lol Do BRND rovtine i2 identicat 1o ol describied
for 1" ADE unal 3L :

- During the moulipty Tnap, dard i@ swapped ffom repisler Lo wegisten 10 scromnmanlins Lhe Desberiarsons reeds ol th

nperaznn. The Lo andtipticand is aheays beiog mlled to the pactisl product held in the DI ard the BRL As the
wperadun mugpestes, the low multiplioand @ added to the TR, the 2omry i sved, thad sum < lunted inlo the T
Begesler, o the BR 2 Toaded ioto the DU, Che bigh peit s brovght wp wheze it i be operatal i, The can haaes
ave alilend, and than cve netluog i meved aesumld sain.

Tn FRILI4 and FM_L]_E. 1the low 1'||-|-.|.-[I“I::LI'.I: {'B_-F-R‘_.I:]j]' jg aidded 1 Lhe Flﬂ.l'.iﬁ..: :'II"\.:Id.L'IE":t '[D’"DR FLLIE .
FRPSIC =COUT 135, Thr conleoks of BRoue saved in the DR e mske e Mor vhes e pactial pradact in Dy

AL FME ||_’. the hirh revltipdicand (H0128  put i the B F."g;ls.’r'r. il ol MY, the cest of the double-procision
abil it dore writh the prevous circeniul {FIEC)H beiag used ag the sarme-in. This is %2l we B, Thz Jow purtiol
g milest i BR 15 I:ﬂ_t ey in DR srd Ihg -I“FII parL ial |:|r|:||j|j,c'[ inhis PI_II I_'l|||;,.k i HIE. The Noar Shen Jde brck 1o
ML !. m laok at the noxt LSE of the ouliiplien and cortinues for a coual wf Al wnless ineesspoed b a bas”
reep il

When the conps ia exhaugted, the flow proceeds co FMLLE where at #2 he e poduct in DR @ poc into the D
Kepista and the bigh geoduet s out iow Ihe DR Regster, At P2 ot that wonl, The low araducl is baaziorod fom D
Lo 4.

©In UMLTY, e s pitadiet In BR ig aznt o the LISE white the & and BR Fegistars are cleared. This mesiclls i e

fion] aswembly o7 the proct i the TR and 1ISKE Begdulers conestenated wleeee it necds v be for e nermaliz:iin
FruCEss, '

4744 FIOIV - The floating divide Hova 35 shivamn or shoct § ot the FLS fleas aned o igenre 4002 Bolranae s

thrcaweh FTATY to BT at Iocution 526, Ay inoredtply, thiz word tekes The X008 0l Lhe high A and H asganizats pu
I Frat FPLE and loads thet reauit dsign of the gmsweed onas BR.

Lqs
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Fisine 1-13  FLTV Flow Block THagrien

Ward FDW1 sends :1_-:_. U expiaunl sk 15, el e sismn ol L wrsmdisge T3] s gl fo PSS, The LLE in
{his word difeos oo The stowika- esl i UL im0 Thal this a s .-',.H'Il:lilv (TR T F'-T'HI';"'.:I wherrin in ml.i]l'ipj'_.' il
s a1 DE Auncsion, Fhis dexl ol ke A azel B T fleterrnings whelher =itler 1Fe divioor or Lhe dlividenid, o
neilher 1 :_:q__l:l]_ I 0, 1 the divisnT 3= I:':_ srondedloan i i1||ii¢'.-|I'.E-|i', amd il e dovidend is I'i_, a A1 et will b
aunerdl ed wilbinal going I|‘|:r~|1u|£| U divide oo

Tiz FTW2. the B cocponent §doiser} pos in the B Register in FENOWL e sutrracted toom the A exponent (dividend] in
Wl4) and the d.fzrence iz put i B This wdli be the "initial” axponent, 8o valled becauss it hes not as vt heen
madified by pocrwlzidien, This subtwetion remove: the vxesss 200 factor in e actation ond wifl be cosrocted
lumy,

TF. at FDW1 . the ZB flop wis s, the indicution is W) The divisor (13 sroumend ) is 0 and flew is 1o BDY3 ahees the
tlap wetor tor the floaciog soint (Z44) i tonmed by FCOR=1 and the CPSCE bir iy 522 20 Indicate division by 0. The
voetor iz acored in BT aad cxit is 1o the uodertow routing on shart 6 of thase o,

Ti, at FT¥ 1. the indization was that-the dividend ¢4 ammement) waz G (ZB=0 ood EPS(Z=1). fiow iz to FOVE where
a B anawer 5 penciated by zoroing D, BR, E, and (12}, and ther cxiting to ZERO A cn shoet C

Tr. at BT, hath #F and BREE) wers f:-l.mu:} ta b Zlear, thaa mrould iadicare thar peither the dividend nor the
clivgznr wene 1 wpd Newr wonnld proceed o FOAG, Hae the cxpaqeer iz retucncd to cxcess 200, nototion by addina
00 1ot ilTarence in axponants. GPC=G generared the conatant 200,

Wornk FIFT stores the correcied exponect ood FTAE Tonng 2he conalat 3¢ oo 26, (e manba of L the
-;]'i'.-"dr: |_-::-c1|_'| st he |-:~c|:-|‘.;||'.-re|,|}.

AL TFIVY, the count is aded Mo the BR, and BR gewa the lowr daidend (B 2Y). The low dividend is then e in
ez P at FIWIN a06] the BT s cleaed. The faci thar BR s all 0g js then iged tn FRA L ta clear the HER and MSE
alver whicl the hlph dividend {TL 6 put ieto BR. FOR22 flep pota fhe low daisar (R{ET)) into B. The data is
Uy K21 LI inr the Tirsl divisiun alBpaane BT 24,

448

-



[he firss divizicn step is clways g subtreet opezacinn, and i POV, (e Jow hal Tl doubie-poesion subtost of
Ihe o sgiamenta i perlurned. The high tividern] (BT} pocs w0 TRS tha L divisor (08 s sohoactad from the Lo
diwilend (RRD, the cummv-ned is saved in CES{C, ornl e result iz purt i BR, '

b FIF2L. the igh divisor (R0 2 pus i i owhite the couns s dovremmen b= bivee prozecding to FDWEL Lere
the realt of ol Lo subtraction (BR) i pul dn iF9. At the some cme, Lie biph didsas B] is subteactzd [oom ;e
high dividerd, {GE), ind the cany-n is msetien fron: The previcus carry-cul. &0 the fame time, the curoe-out 13 fum
this 1egalt is stored dn RPSIC T 9dtch wiil mow becone the ME8 of The eundien. Later an thia bit wil: shilt inte e
M4SH Register a5 pock ol Lk sqonticnt. & P8 af FIACLE ohe result of this subiraclion (high regult) iz pul into LK,
The BUT[COUNT=07 i dume Beth for WERE 2ol 1o e 47 1his is the laac s oo Tha o).

The fow hore is 1o FDVLS whee cvorahing ds shiftad lefi. Motz thot these repiedes are enneatenated ood ce
RIS poca joto MERDO, Tl iz the zarcy-oud from the subtsaction than Iodisaies whether o nor che disision slzp
warh subecgefol, 1F i 3, o correenit @ 2ea ond a (1] s shifted: into the waswese 10 Lhe stzpr iz oot soccosatal, oo
smrpsndl ooe1ars and & Giz shdrleel infn che answen ' o

[f this is wol the last pass thooeph the g {COTMYTFDY, Divw in b FTATT2 whers the ww cliviser {W[12]) 5 put in B
and o BUT fur BRO) i made (SPC-T),

At FDW 13, lhe divislon stop tor thy dow dividend is done, 'The BR - poi into DR, thea BB und B are processad
aepording o the funetion of MEECD (see ble at botlem af shest). MEROO, remember, §: the pesait of the last
cubtrachion ur nddition 2nd iz an iodicolon of whather division v waeeessMol or not.

O 2ach pass through the dividz loep. e teendwiie detarowne: whe Juer Che Tast subtracaion wis svgoesslul, 1L was,
a cubteecfion o FEW1E and FOVI2 will ovewr oo the acet piss through the loop, B Toes oo, an sbditin =
FDW13 and F10%135 accurs oo the orxl po-s. ITa eany-cut occurs, 3 sulinction is tried or the gesl goesaod a 1is
insacked is Lhe amswie . T no curcv-oul escarred, a ) is inscriced. :

Luch pass decraniants the count ood the by continocs until die cognl i exbaited Mote that 2 BUT ter COIMNT=0
i done in eiller FIAW22 or FDV1S shwee i the last gass tha tew gl Y Usreazzh zither weord.

Whunt COLWT=0, thiz flow is 1o UV TT w soc up the guoiients for nnmialization. B FDYLT aml FEIYTE, the high
gquatient ir. HER iz put io D, Tn FRATD and FLY ), the hwe quotient in MSR is put io LISK. The [ast apoation
bafore exit to MORMALIED is L overs the B and BR Pegisters o thiat they may br used iothe nunding routice on
sheat, B of these Sows, ' ' C

The nie BRO breskoul tacility in tes Mows is tosted gl FLW 2 whane. if @ bus requesl bas b glockad in, the UEP
Register addeess s modiffed foon 731 o 77 1 {ERQG)

4745 Morhulize, Reund anyd Store — Sheat & of the FIS News containg the coutives fon ansinal.zation. roending,
ant storing: the s for FATHTY, FSUB, FMUL, el FIOTW all exit to this o :hel‘ure aroring theif anawars, Thedr
points of oniry differ, howsver, depending upon the nstruclicn beiaz porformsd

Fntrznes io ZURO A s from FMUT, or FDUF (the ooy instructiona that dereet wheshee oo o the athey argument
eqquals 0 50 that B 4 anseer may b2 arceed), ' : '

Upian c|1mrﬁg ar ZERD A, whe 0 ansmeer Tz alrcody besm generated and Flawr i i MRS a0 Lozalion 5T Hees the
BT, aircady cloarcd, is used L) Lhe HER and DR, BT S i used ta 0 the sign [LES{M)). Lhe FCIRIIS iz set to cnakle
a TRATO. bote shat il is soadred one word carly ez it i dookie buffzred b the PTSIT Regster a0d CPU L
Tegister.

Tha statzimant BA-R(DLEDALD=E i deng to chock over M. RITF) is the susck pointer aml il i should happen to
b ropister O, a3 spaoiticd by 1he destination Ticld o the 1K, dacremens inta b Pr\-’_:ll,-:L;Ir:li s gl nczar lacer an
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wher guvwer me gloeeed. The BA i Toadzd hers 2o thar the CLOCK BA sianat will be conerated whick_ with DAT=S,
will s2i Lhe Check Oheeiow Mag and chieck for ovefons F BREDFD bs vogiamer & Flowe ten ie 1o s ST'.'JR.L aktne
desri b=l Liler ot rthe end o chiz d-=ossjoa.

Ferlre al NORMALIZE is fron fhe FADD ot FSUB flow and zoders wond NOMOD ut Jocation T27, I this werd, The
BT wnd B Tepisteez are zeroed for aze doter in rounding. BUTCE=D1 dests for o D answer g sel oap poeyisasdy o
ATIDE5TF B=0, ot indicater that a D answer shewld be zeperuted und the flow iy theovah NOMT o il BLEMLE ke 51
auswsr i E__E"u[ﬂ[l:d

Fabie ol MORMALIZE A i Trany the FMUL o FRIV flcoe and crters sropd HOML 2t lociion 554, This ey
vpasies the rerrung acticon i BOPED becsuss this hes diready beer dens jn FMUL o FDLY.

Tr ML, <he exponcor {RILEY) s adustzd by Jocrzoentation in D und seslonsd bo B15) In ihat s worel, Lhe
RITTKORMALIZET! tact in made with GPC=] also asacrted. This combdanagion loole ot DI04 oo Lhe braoch ool ol
MO TIROD s che YMSE of 5 mantizea and. if i is sor, 3 indicates thas che muntissi is mocmidizsd- LE i i 1, Lhe
rian lizs: 5 not acrmahzed.

MOTE
Eat BITT: in thas ||[|I:i|:r1| haik Tur o saedltion ti he gasered 10
O 4 1 ipla the ROM wllesa To chis case, assertion does ng
merdify {E) whieneds non-arcerion does (707,

Pl ds 1aen Jipse- v i B30 sl el Loy MOME Sscmse The Rl FE=Y oo et h}'-[h_c NOMMALTZE A zntor.
MO 5015 ap e Bo oreriloar chiedk s deseribed Finr I TR il bnkes Lhe SIPpIreRprial werrr=lisabinn-Taanzh,

IF the BET fu BEIAT eliisemed cen ils =namilises warg oeer .-|._*_~r||:;-_||_?_r_._1_: WONMS 5 acxs wlers the eXponecnt is
decrenented beceoses e v esa s apifez] leD, G10=5 o lowes HRRTS oo be comcaoensocd snch BDEOS. A HEE =
ShacLeid leln one |:||:;|.'E= Al i |-F.| Ui Mowe 1laz wha BTG RH."-‘-T.I?:EEI} doca ot aszart GPO=1 i.I1._ this warg

" This causes the hardwarg e check somtalizetor “efarz the shit by lonking at DROE, If DEOS 5 act at this time

TR =il 2z g2t alter ihe shift and, a2 4 oesuic, the Oow enli fc to WOMY oftor the decvaimenien capanen is stored
i1 WOMA. OF cowse itocould raks soweral pgsscs co acrmalize the cxponcnt (vp o 3l plavest, so the
BUTICOUNT=0) o MOMG serves to clock WPRa. Motz slso '_rhut the 2xponen? i decremeniet lue each pis.

At MOMT, ﬂ" enswer is shifted ot ens pines to pul the exics Bic on the Jow evad in pusilion Jor imaading, KOME
round: the loor purt of the apywer by adding 1 und the ciomveoul 3 swved e EUSOIL By NOMY e roatitdad low
gosvecr is retemed to LSE.

At HOMI0, the higk snewer i covnded by adding O o e DR, und briegogs i [he presies sampy-nul (RPSCY] as
the carmvin. In NOMILL, e resell b send via che BB B DS By adding 0 Lo The high jariand aringing in he carry,
L |,:|"|:|_-.,I_ nl 1||_‘||_1:||'_||_ the 1 nzy ]'I]_'.il'l,ll." |p| v Fhe e sswest Lo Lhe ! |1|-r"| wgder Wa e Larry. AL Lhisg |:1|.'|I|'|1. the
1wl v high anseer iy in the DR amd the rowmided low angweer §oin e ST

ko twr rounding hes been Jone, W extea bl oo the Jow 2od is e lorger e soodn NOMAZ ] s drapped by
shifting everything right one plnce, The BR s also clzored. AL fhe sume fimes, oommaligdion is chesked by buking ot
DE [ar thi: point DROY i the MSE) This is to 9e euce s it iz stk oommalized ufier rouediog, 1, as o s of
roundivg. the added 1 had nippled all the ey acroes. the pneswer woold have beoeme voncrmalbized, To become
ranonmalized . s additionsl shist i= required alora wich an increrment of the exponeot, ROM13 sends the »x[lc-m:u;
(F4137t to the D, BE. snd B Replstors ip case sdjusimicnt iz not cequired.

Corming oot of ]‘:-['l'F".IJEI the =ifocts of t'l:u: BUT in WOMI12 arc felt.and_ it che onwwsr was noo 16l nocmalieed

(DRIDILT, MOM 4 is entered ta offcet renorrelizztion ard to jncrzueat the cxpoaent, The adjusted nxpgmnt is
thea stovcd in By 15), B and BR.
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If. howaver, the wnswer wes onanalized (DROVOT). the ROM aldress s moditied to 542 aod the. flow exits to EXI0. .

NOTE

At this pgiut, the uaswer huy been rowodid nmf neermalized;
the exponent s boon adjsted (o the vearect valog, gnd (he
lanlware is ready to asscmble the soewer and store il

EXT sssernhias Uie Blgh ansseer 3y putsiog the sioo bit (LS i BK15, the I-‘.J'i]_'lllrlﬂll {HHLU Uﬂ'"r]- in HT'l{H rr, -
arnd tha higl inancsss menos the kiddon bit (DB 060070 in BLAOG-E. ;

‘:Jr-md EXI 14 sore up the I R-:gus:cr Foy the BLE Lo S e in EXT1 (o ande o, o flowe, drstare. This {5 dom
liy 7esaiag, the upper & bits of the O Besister with SAC=000 'The FIRE} bit s loaded with whether or aor the
ex izt 5 cqusl o O as set up at P2 of KOMLG, This e-ablishes e of the condiclans for underfow. The low 3
Bits ul the Tr Regiater src loaded e she high Dvre of e register hal held the exporent RS0 { pezvmooshy loaded
inlo tha B Regiscer ar P3 of KOM13 or NOBLLA T Lo uddilioa G is weroed. .

AL EXTL. the rap vector 244 iz fonoed (F00M=2) in cuse uodertlow o overlTow areindicaled by cthe BITT o fl-al
wird, and it BXT2 that veetor ig aoorod aloog with setoiog e DATO conbood Bl (U 3%4).

I, ac B30T, the D Hevisler oo lafve pay daia, ove-Mloe cozlars indazating that srhar :fs.'.ih, high btz of the CHpOnCnt
had some curcy over f;um the Iy bl of the esponeact o Ten Uiz 2teenf, TlomewlE-Dbe to E}-.T| 2. Underflaw iz indicated
if zither UPSAF) is s5, imdi gitling o & expanent; o B s el IIII.1.|I.n.|: ng’ it lﬂ.-Ell’."’-Ell'lI».—'*.l'lH[ll‘lr'l of the expansnt
produved a nug:aj:il.-c number. b il cese, Lhe |'|-:_'|'.n- wili he Lo T'.--"'.H [T mgither dndecflow or Gaber ey are indlcated,
the anewer is determined 1o be e and Tuw is 1o RXT7 Dur o sture operilion.

MOTL"
It oveeflow oo umdodlow are mlicaded, fhe FCTHIT set in
EXIZ? will bave mo afieci doce wn the meal bos cyche the |raf-l¢
.ROM is used wnd L1be FIS U Hesler s <lenne,

I ower [T s |1.ﬂ|¢au:'|.:|, FXTI? arel EXTi4 Inad the FPRM) hie w3 BR with a 0 {top Bt of 244, n T s a 03 TE
urilerde g indealed, FXTA generates the atack pointer 2djustment zonziant of O, zeeee the EPS(Z) hit, a.rui 2xta tI:u:
FT305) il The mur iticon codes For overflow and underllow sve aa t-:-l]-.'w.ra

Cronditéen Crdes for Orerflow and Underflow

ONVFL UNFL FDIV By Zevd
EPS (WY q ' ] : Tt
BPE (] Q 0 ]
BFS (V) 1 ] 1
EPS (] Q 1 1

By refzering ta the caadition eodze.in e tabie sbove, it van be 5;:1':.:1 thuar wll codes ace properlby set by these ward
codtibinatiGes, ndlodig the divide By 0 combination ie ehich the BPS(C) bit wees ot poior to cntar at UNFL A, In
s sant (reh than, FXNS - oweecg BPS to the Proecaeor Statoe Word aad clears the sxtonsicn TOM cnable bit T.I.FPEI
whii les FT-[TI A adjieita 1he slack pointze and exits oo WL L-A Trap OHlow.

IT Lhe STCORE jxach ig ke, Nos g o FPETT wherz ohe iow apsseer in HER & senr co D, a DATD is initiated, and the
ciock bt T L wail e the inenny e, '
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."..r.l-.?f.TI fa, thi hgh sosaer agwemled in BRon onsd EXI0 5 Eroupght inli Lig L Repiclar, ond or ALY the stack
inter & odzerczmentzd Ty 2 ano e inls tha BAL Tic DAD=G choibs For o repisd s & < Licls oeerflow, the masditicd
sl minnbe i gt Dack b RIOU), wmd I|-E rf‘ RIS is s,

AL BXTLO, thz assambled high avawer Cign, exporeat. sind hish mantisea) in W s storesd dn Ly, the DALL @ inilia bl
and “nz dlock I suzoed of T Then al X111 fhe local cordition codas us 52 befure exiting Lo WO E RPS.

48 LOGIC DESCRIPTIONS

Tac KLLI- losiz alisgens aie shown ia ﬂm"ﬁﬂl;- !J-L*:..:'.i'.?*iﬂﬁ I aheeds 2 Lhr-}uJ 0. Thz ahrots wra designated
R1-2 throe "h LA T JE Y| [VEPL .

lsli-2 EEIC 15 0,TRR L o)

KL RIPEUX 500}

KL RLRC MUS ANT) CONTROL

KL= LILERCTOIMG ARTI CONTROL

Kl LS AMDAHINTER

KLi7 Wl ROM AR WORE RﬁtrquER

KL% KL} KO3 EXTAHRTON

KL KL ROM X ANSTON AND CONKECTORS

KL-30 17 LiLE ]:{T._F."r] LISTING

The K11 e e dlagearaz ars dhowo io d[uv.n K I:L‘-. My 23901, alcors 2 :I.1.r|.3l.|g‘|14. Tl drawings ars Jevipriied

Bl throph WE -1, G5 fellews:

EI-Z HEER & M5E
KF-2 FRIDMITALS 00
| BOW & CONTROL

KF-3, 12 F15 ROM LISTTivG

1 ricse porspephys, the logic is it in this soeogacs tor ronvenisnees oncy. The seguence brars e rogtionship
wn their logleal amumngsmen, These cdaoipnons, together with e Glosay in Appendiz A, provide an adeguis
dreecintion of the Jogt diapsres sisoziared with the KT 1-Land D Opeinns.

4.5.1 Bosic CPU Timing
A5 (B BETLL ol KISTF ppesae on che basic 1_| ming of the K11 1-4,: ¢ hriel dzscipt.on of this tiniag is gvea at
Lbis puinl. ;

Tieme woe Liree lasic Gning oo ]:ngtha;' dpett i the T2 1-A. For a dessipuing ol their geazeipn efe o the
WLk "-'1 Mupademace Munsial EE-KD1LA-BM-00]:

The thove cwvale lopeshe e desipared OLL CLE. aod L3, Cwdes L1 ||:u| L2 4 en une cloghdng, e which
copazs £l the em? of the ovele, Cyric CL3 has bwo pilsos associaed wilk 90 The cme el-Conslip ol the crzle
lTenygrths and *heir 12 S-P.-ETJ'r'G rscs are showm i Figuee 4-14. Al ol r;]-;uw agtiun Labes phine o e ueile ] algi of
Lhe slock pulse : . .
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442 DBE aod DR Registers (s KE-2)

The BE Begster s 2 16ehit holding repidar whicl recoives dats from the CPU via DMUXC15-007 1L The B2 is el
v hatd dota during the UL and DU dnstrocbious. This egiscer is loaded cn the trailing cdee of P1 oz 3 palaes.

The DE Bemister is 2 Vahi ler|-right il wegisier which reccones dara from the BRL The DR is also wsed as a0 halding
repigter. During the multiply metoectoo, 1ke low priofuel & shifled into the DR via GRL3 05 the nuliplier 3 «iifie
out at DRO0. Druring a divida, e quotieat is <hirlad dulo the DR via DREY whils the L drridand is shitted oul i
DELE. Quepuor sionals are listad in Toble 44, '

Takle 4-1
KE-2 Output gz

hijemowic ’ Ie=icrlystiven
BR[15:00) 11 COucipuy frorm Uee R Regsles, Ted oo BRGLS00} a0d thoouga she LIS opticn. Alss To pines
Foar distributine 1o FTS arst FTS oprions.
Tay [5:N0H ' Qutpue from the DR Begistor, Ceed in ASLE, BLL, and 10V npendiong w the ELS and o

all FIS insrrctions. -

SR S —

——— et e

O the Left-hand sids of this chort are shown the thase e (lip-lop eeisuees: 740 74a that comprise the BE Beyguaer.
Trpeets to thiz registey are DUXIL 500 ooming ftumn e baic vnchive, AL ingut data from the KD G 1-A womes
into thiz sepister from whicl it is distribueed Lo the e of the FES and 15 o ptions. Tt functions as » holding regéster
and buitoy. :

The nutpues of the BR Register fzed fonr T4l 9as {hat cumpsive (e 1HE Regialer, Thess e lefeighe shft registess
baving Lhe ability tn als be loaded i paralicl, The DEL is usad e ensively in ASHA, MU, ol TR 0 shift and
slyre date Likewine, 3t is wied iv FTR instroetionz to cemporogly sters amd <hil'l da.

The shifl iopid D BiL 1 of 2he THE Ragizson hag soveral sourses, suioe sTorm che B e itk e Troa e BIS, one
eribled duming an AREC st ruclion.



The bit O mput 2o e DI Medister i imgeonant only i a lett shift epenition is beiog pertermed, In s mght bk
Linds L 33 wsigrnifizan L.

In ASLIC, while <hilling leMt, 05 st e ghifood into the LS8, The DR huolds the towes poation el the nperand Deing
shifted, and s the data is heing shlited loft. the ASHC Lo g gaoe ol 188 beeps o conmian ] Osserled o he shift
mpul s Tl epch sacceeding shift brings in pgother O

Anulhes sounge Toe Lhis shIT inp is ac 2at B42. The jooper W is prasend iF just the BTS is dnslatle and is -anwed
it the LIS i dnstalled as well, When insermed. it disebles the upper opul o Thepale, When resineed o Foating dlvide
fmsttuctinn i coonbmation with GPO=5 Lowill eause a 0 to be shifted jolo e 135 vaa lell shilt opzralion.

Thds aglizne oo k2 relarrad ti the low diggrams o bt 3 of g ULS fowsan wonl FTY A, Here e high quatiant
v baioge aesernibled in e HAR & the concawnatod Jow dividond s befmie <hi L el the TR Bvarything is being
shitied el sTker the uld v- subrracl A O s brought juto the O skitt-in of the DR Register. THGPC=1 iz oot nce, Gs
wil By emablad Whmouph, T0GRO=S 5 roe, HERS iz znabled to the sift dogpel of bi 0. Sioce the e ol HARIS asa
ghifl inpue i el deperedent upnm o parbesian shstruston, bt saihe is supplied by the G310 cde, 310G be ined
at aovtime she punisular eorabdnm licr 5 sel in Cia BOM wrord.

Th: DR Foegister is closled by B F1HREY H, generared o davdog KE-3 81 locition DAL There is e signal in thi
tesic maclior culled PLEFZ, 1hess veen szmals are B2 e for shys funcsion,

The BR Regater iz clocked by CLIE MR B pepemies] oo EFS af lncarson ©-0. To i@ o function of PLoor P§ God CLE
BT H generated on KE-T. -

I3 Begsbar bit 15 slift iput is osed for snisting the wgister vighi. Semally BROO s mabled inco DRIS. Tlhis is
when the BR and TR are soncercnuted witl cae B8 holding Lhe Eighes hits, T 2his czse, cvorything may be shitoed
el with BROO goiag rog DRLE. During multiply josioednns, hivaese, ALY 25 uzcd as the shitr-in with AL
pircridiog e partial anseecr beiog shiited oo vhe LK.

Ther: aie rao select lince oo the DR Begister, KET SIH0 and KR-T SDRL The troth table tor these two sizoits i
givery o He righe-haad edgs of shect KE-20 1F Borb selecn signads are lons, nochiag wile oceur when 22 repdstar is
clockcd (Mo-Op). Maote st the clock pulse is alwies peseat en aay Fioor P20 A bincry § commbinaticn p'vm LIRSS il
g0t ricke, 4 binasny 2 combimition produeees o <Airl lelt, .mrJ ahliany 3 pormits sarailel looding of the egstes. i bess
wo bits are generuted in ke LIS ROM,

Lolh vhe Lid ok 3R Reglsrer cutputs ae browglt out e pins for wee slewhere in M ol and fon testog
[HITELSCS,

The BE. cam be used disr burlsring the logding inta cither tha seunt o DR in che 15, orinln gither the HSR aor MER
in tho Fl& optica,

4593 BDMUX (Dwy K1)

The BIALX is o 1heriowice 21 il lesner whicl d2zets one of Four sets of 16031 |.rl'luL'i I bn: I'rd Liv The T via
the Li-bit wire<)Bed BLIS BN 5:000). Chulpud slaeals aec lizped o Table 43,

Fahle 4-5
KE-3 Oietjput Segnale
Mocmeoic Dearyiption
BLE RO15:000 L Gl o g RTAUK, Feeda daa dires:ly back to the processer.
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Thiz i vhe hardere (il enahles date onto the BUS 13 Lu be zenl hack oo the besic mavhiog: These ure 74153 disl
421 roltiplexsrs gomtroll=l by combivations of BIEDE wnd STROAA as geacrated in the ]:xpu.ns:lun L- Yeoard fsEE-
trueh fable om Ihl-i shear)h.

A bifre 11 cuenhivation sends taz IS status CLEPSE W R ard Nﬂ hack to the basic 1nachine. Thl'% qape ration k2 zalled
ot inr the uws 03 MOVE BPS. Motz thut io thic muodde the apper 12 Bits of the aondiipieces inpais 2e grounded.

A hinary | sends gt contents of the DB Hesisier sraight throogh wnd back o the Tasoe meshing.

A Binary 2 concatenancs the BR and DR Regsers, cascorizlly diitting bolh regisrers left, and sither lozing the hiph
hit of the BE orusing il elvewhere. .

A binory 3 seods the BR Megister arczighn theough und Baak 1o the procsssar. -

Wore that these e bles gre sel up one word betors the e ble For the T4HDL drivers where pusiible. This is e ANTY
of EUPPS {set if the upliun is enafled) and STROMICLY LL, soulhes hit 5ot in 'the ROM vonl. 1his axlows piuting dara
ot v e RDMUX ag pavkly a5 possible withooi any fimirgg problems. Mots that the muldplexer sirole i
[STB) acc groundesd {iive vs ewthlady,

The outpuis of the 700 s fead RIS RE(15:00) of the CPL:.

484 EUBC Control i nrwg KE-3)

This is the Exsornal Microbzimch I:_.||1|||-.‘:-| that screcs a5 4 supplemert. i the Branch cootrol logic in the Buse
mchine. The BUE ficld of the ELE1-E ROKM o5 osed to aolect satious |-TP'-"-5" 1n The F1IRC I'|1.J.'|J|..1|.-\.-xl.‘-I fir Eﬂl;l:ng 1
emler b enable the microprogam to bwmch Dnoallesae paths of flow, Dhelpul sguals foe this sheet are listed iz
"Thi= d-4.

Tahle 44
KE~ Quipur Siemoks
Muemonic ' Doscriplion
EUBC3*ILND B Frialles FURC 20 M Wsetk s g porrtind e ble oo KE-3 3-T0 7402 ngte an KLY,

Di15:005=0 L Lnver-inn of TI 1 T:000=0 H from the basdc me l.-h"lE T wzed h:.- FIS bourd s5 pacl of
O GLLTMET. tesi ai that bourd. :

EUBRC[(4:3h L _ Foun bils that modify 2 base oddress on o micremansh tese. They are sont 1o R gales on
: . the B 7232 roindale in the basic machinz.

IF=075nyxl The Op el hat andicates a flosting nstolisn. 1 seoee FIS board whers il i pin L]
©arnl 45 rebuned as FIS PSTE L at logstipn L, I7 Zrue, 1licg the branch oo she LS Oow.

I|:|. thue I.Ip-]:!":'l: Iefi-hamil gorner of This shest iz ﬂl., H251 gocodar '|'I-]:|I.x-.|'.l i eruthled by 5 (F condition in the uppsr e
ovtal disits v the IR (BTS2 120) T chan deendes [R bite 1106 10 daje: L whelher an ETS {070 trough 074) or 115
{0751 jostruétivg i called for. Angy mbar zode iz oot cevopmized and reswas inoaoeserved insoscion trap. The
I_I:i"_—[l-":n_;q_'-:_'-gj_. ﬁ]c[hlj eies gual L Lhe BT ioodule desoder loge.

The Tiwr :ln:-.'x;-uted_ instrictions are fod to o THE) NOT DR eale that yiclda TIS ENSTR 13 weed tn feed the
corditiom ing, inpots of the inpat 2ocs oo e LUBE mitpleser. .
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Tle RITRC WII corprses Tedr moloplexers. The THES dox” A mddviplexer congrols BUEBC ) widls < single
Bol THAD zantreds BURCE, KURC s enatiolled Wy o T4 L5 1s operated in rden. When LU L MUY B s

-efaerating, U T WTE A 42 disalilad sad vics wosa, FITRO T MUY Acar E3T jwosticdes 1es Goge ol ooto) sombinarions O

thecugh 7 of the EUEC fizld and BUBC MUX B st E2 tests cambavation 10 2hocogel 17 (s 1ible #0 el -he od side
af this ahezt, KE-D. Thie prordes |6 possible 2ondioane thar may e wed oo con el FOBC? . Moale thid oben the
TS mpeion le installed, che FITRF zoagiaee of & Rlta. When itis sec Dnatalled. the T4H 00 AREY gt ol Jovation £-3 un
the drawing has pin 03 (EUBFAHDIH) held high via B2 {1E) There is ar addilional 31 mellizieses i cfe L3S 1o be
deseiled later that penwides B oawes Baezh geaditicns frs FITRC | goulrel [FCRURES Troan the 1S houed e asserted,
the ETIRCT MTTE A iz dizakiied

Thet wndprals of these onaliplesens (BLRCLZ )T we seei o CHE gales un the M73232 ceodduls o the basic nuching
'u'h,u'n: '.'|-r::.-' are e o r||i_1|_|ii"_-.' the loawsas sl li e om0t ||—.Jr||.'-+|.

Crndilleanng ol 1he dnpdrs o cisse '.r|||IIi|"||-.-"::l-:|."r-: is elMTectes] b oanbioalicns of BELBET ) s ser in tha Lxpunsion
LI ®enl. These 2re feal o the mulliples ez s welection sigrls. The opemilion pedormed by their combination may
be detived by refrrence oo the touth tables ot the boltom of the papé und the BUT chacs ut the righe of the sheel

45.5 Coutrol (Dwg KE-5)

Thiz shcer countaine much of the dizercre logic wed to gonecate the maey conurol sigizls wsad thooghoe the BI85
lomiz. Tt wtilizes puza fraom the ROM, togzehe with clock prlses geeesaced B the basic nschine, o pemizile e
coateal signale. Most of the inpor zignzlz or thiz drawieg are Zids abviows and a5 20 2 el elecribaenl. Some gre
eqablz from the BOM wwed, othos are covsed claowhers as gueazipe sigrai-. Oulpu sdeals are Jewriled jn
Tahle 4-7. : -

in the cemler ol Uhe sheel %2 the K231 GIC decosler with ool GPCC2:DG, Fhese bits are set in the Lxponsion U
Wean .

Che inpuat hogic in e epper -i|_r:!|l-|'f|r||,| crmrer b Lhis shest ad location C-4 peetfos oo esiisoe ALL control whers
el comditions e mordtersd coodetermine wbon DometEon e CPFL ALY will peclocm. The jumpac W2 is normally
imserie] anles the Pl codon i instalted, When remoneed, O allowes e IS opiion b centrod guxilivey AL contrel

“alen,
Table 47
EL-F Chiipul Sipmals
Mnemonic ) . Deccriplion
EXTPF CLE TRAFL ~ Llears the 'l'ra.p i che proccesar which =us srt as o zeealt of EIS or F15 instruction
beiop scosct dudor @ FETCLL
CLI DFRN 20 1L . Cloeks tha LPS M and 2 hits, Madz vp of the 2oible bit of the LS nizroregister snd
P o B2 troum the CPU
C1LE TPFEH . Iz =ant bazk to. Beeic maching to clock TPF bit 8. Gated weich an caable bic fram the
El& BOMW word and a clock pulse. Oase the opricn has koo 2aablod. beiagiog wp ths
caahlz Ble allogws TFP it & o be elocked olear.
CLE BEINERS5TIH This is the clock pwlss for the external TT Roaisccr bits 58 throagh 57, (Bus 82281 arc
on the FIE board, MT2390° )
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Table 47 (Comi} -’
EE-5 ﬂl.ﬂ]l‘..li -'?-ignul:i

_'h;lnmuuilr:

Lhscrincion

ERALLCRM L

ECIMOD 1L

GRC=2 L
LL
T
-ER
L

-THHPECLK L

RITPPE I EL

ELFF:E L

LURCH T.

FCLIERR L
I L

E1FPPE A L

ENFECLKE

L THRE H

CLE I

CLE BE il

Farernai Scloor ALY, These are the 2ziect hits for the AL when wepertied inoauwsiliary
arintin, ‘mode, Discrets AL cominol is grovided by bits Lol OB wonl where iz iz
krwvan shead of timz whi. Suvgin the AL shorld perterm. Ausilinsy ATT) contie]
is proveaded in instomcas whers the vp=ziatean 1o b proforme] by the A brlependemn
wend in2idaomal sooditions of the apaation. These saouls Sen o rode-dependert
upgn combigtionsl leeic Ual dzeodes conditiens wddn ths opariin. The functions
gerformad by the ALLT Nue the warions sEIItEs i Lhase sigmspls are given ia a @kl to the
dght of 1ke prini (ER-9;. Wore ther the focr signals are really teo gizoale, cach o

carhich gz Brosgeht sz o tere sepurats ming.

Bxtercal Carze-ln 1o the PR CALLL Ukl i angiliay controd meds of the ALL 1o
inserta cerryin o conean the A YERTS B MUMUR T lesction duciog seboacden,

Orstpul vombirsdiorg of the GPC devedsr. These aie wsed for specia) ves appiications
guch a5 operalion: 10 Be performed voiy ore i 1wees ine fow, Soeog ob dise simels
wrek oy e TS Tand,

Thecd to dokibil slocking all hite in the Procesae Slatis ¥ord socepe Pa(s &Y 0 i
aigral i also uzed T e e MIRAZCIER] BN {KTil-T1}

Frrernal aderapropr-on puenien hit 8. Used o loe BB aad FIS nptions 25 an ool
Aiznal. .

Sams a5 above,

Laglerrd redcrohranch code bie £, Csed as dats o the besiic uzshine 1 sel or clear
PR welin cloeled e PAOLE LS.

Eaterral Canw-Gut Mux, (Sime snwce 0 teo pios) Sel=ednn sl w0 the 4:1
multipleitar on the owtpul of the CTRY ALTL cansing ALU it 15 o fe scleeied into
ihe CarmeLlut Muax, :

Samc ag BUPES o bove. Duplication e foading purposse.
Eateingl NFE Clock. Proondes tae clock for the NPR and Bu: Beques: Maes in the
Pasic puchine while 1he BIS and FIS vplious are astve, Mude up o the hrasich

miggotes, DUBCOUNTSN] pectormuesd perimdically in the e, partisuti-ly i ||.I-i':l||!'-
whare Lo perivels of e coald B »u:mmldd

The F1 amsl %2 G the 'i:l.j_aj_-'.. mitchine w@ed e -:I:u:-I;L the DE snd The counler, Als
cliocis the MAR and HSR Rovisi=rs in the FTS Boand M7I5H,.

A clock rrr Ihe RISV hit. Made up o LTLII_"'-] {IJ 1 frem e BI5 1) Veund warad

Cowith PLoor P2 lrom the CFUL

Clock for {he BR Rewslar. coahled dzom the EBS U Ward znd PL or P (romn che CFU,




Table 47 (L }
KE-5 Chudjput Siwmyls

Mnemrinir.

Deescvipan

LY COUNT E.

CLE LPsiUI
BEUPPH &1L

CTE ORI

aead Dun, When trps ] loads the counter with BRIOT7:0).

A alervk for the BPSIC) Bin. Gared with on enable by a lui o ie FIS LD Reyridar amisl
Pl ur F2 from the CPLL

Boufterad oxtoraal MCreprogram Gonten Al Anatlle scoce Dor bEL A e e RO

inddlress oo vnable wacious pednts o he logge.

Thiz iy esaevtielly the end pulse in each evele ogth. Gencrated by an eoaadle Do Lhe

Fi5 07 Fegister arl with the Guge chit the covcter is not oqual oz 90 %ln the el
et b O This ek iolisnhal preventing any Barther souting during bestice of thar
carelitinm. ’

e BT

kA RIS amd Cognt [’li;l'\-\g KI-E}

The deinwing wortaing The ekleoal prosessor sialos, which records e condition vodes of dse FIS opd FIS
iestrwctionss) urd The conont, an Bl palown cornter wenl 1o couat ke combar of shifts for the ASH and ASHC
ingttucliods are) o keep Lrazk of Lhe nurnbier of sleps e the MUL and DLV nstruecons. The eount iz leeded fiom
s B The bopic conlain monlipieser for geioe inlfommdicn Snto e exteyeel swtog, Qutpot signzlz ae heted oo

[able 44,

Ithle gk
KE-A Oulpin Sigrals

Tabnnic . . _ Deseripticn
BN H Che aulpul of 1the exlzmal prosessar stutus B bic, Ueed to store the sigr of speeanls,
! .

EFEp (I} H The vuipal of the exizmal proeeseer soatus T hit. Uzed to acce wheilor oo nperme 5
. eaed oo 0o not.,

FlR{) 11711
FPSCh (17 H

CONTTAT {17 1

COUWT=IH

The oucput of the cxdernal proecasc atalws  Lill Daed Doorscond veerdamss zondicions,
The porpet o che extamal procsssm sbats O i Used o shoird aorrp dea.,

Thz autpute of the couneer wed 10 xcop tack 07 M2 wumbzre 0 sleps exocalel i The
LLS and FiS inetructions. These sigrals zfao 26 cothe RIS board (M7 13593

Fhis sigr=l 25 ssserted when COENT{S:AY is cgual to 2o,

The coumtes conssts af twn T4 15 a1 164 arid BS6, eferatad i, tandenn and fod b BREOTONFH. It s a0 sy dinwn
rountey thar can he losded te TIOCTRINT L. This is ned o clock type boud but racher 3 write spe load in whick e
cocider & Joadzd without a chick whenever pin 110 low, Bin 0355 vsed 1o determine dircetion of count. Motz thal
Ibés sional is derived Ffrar kil 5 of Lhe gl threvmsh o TALIO4 iTserter a0 532, When bie T2 s, the oot poc af the
irveri vy & Jow, cansng he counler Lo gound ap. ®hen b 5 s clear, the eoent 15 down, This is used in ASH so thar
tight shitt will coune ap and a lefl shift will |:-::-||rr.-:I.|,'|'.n.'n Cateeres bonwand O,
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The nmiler always cnonts'if i iz locked (CLE COUNT au pin 1. 10 the i inpod s low it wicl omanride the ol ok
inpuc, The check iy enabled by COUNT=0 L invericd. This wiy wheoever che counl b resched O, colicg ceases.

The T4HA0 ar L46, operaial 23 an ¥OR of BRIS and BEL4, is used during an ASil oo ASUC e opezation
forcosst un imoending chempee in sign. The ooopur-of this mate fecds on O (7402 which is also fal by the FRE{V)
bir. This provides o Jatch path M- <2 EPEHY} Tip-flop ao that anare it 5 sel it will cemadn set ragand iess of whir
happena at e ZOR from e poine. na .

Faeh oorput of the countze is fed 10 (he UV boend (47039} G wse o branch tests during tloniing Instructions,

There ae tliee moltplexers on this shaed eichowed wower aoetenl Tip-flops for cach externa: statos bit o the
eptzan. The flipflop owmtputs ao 1 she KOMLUX el the RRESIEY 62 alsa foc to the BIS boeed. The ducl 4:1.
reipienis are wed oo conteol the Bies, Beveee trese wee neme than four coaditions requived to contol thy ©
bit, an addicional kaif-TA4L33 is Olked v b0 coalod the (RPSOC} et Mig-flag. Tothe OV MUK &t 133, the V poction
of Lhat molipleseer is elovs enobled, b rhe U porlion s disalied by STAVRZILY B when she O MUX ol LE6a s
enabled. o

The combinions of the bisic wlecl bis CSCVMEY 0} and SNZMEL20)) tequited to peTtorn multiplesing spersiims
aze hazed with their cosults it the rulh Lbiss proveied v iz drawing.

4.57 KEROM Word (Dnwa KI-7)

This legie contuing the Besde KL ROM wond (URCCET), 24 bits of BOM chet conion the KELI-L. Al ooty fro
“he BB are Sod ipig 74174 hex resisiens exzept Bl CLE UPPS which is o disersie Tp-Mop. Thapl sieoits ae
lisred :m Tablz 44, T : '

This sheut coenlaine sin 4o REOMs [23BREAZ), feeding 24 bik oo Tz 79174 haw register gl T =xceplinon,
LUFPS ul conrdinale -2, is Ned o a doserets flig-Oop, The zoabde for the RO 35 EULEH L e sigead CTLICECH s
aust 2 pull wp for <he tegstess. Reglsten a:0 elocked by CLE BU (33:57) L pensnated on ©£E-5.

e buses labeled 131003402 o e out s of esch RﬂH bit ars cesistor divider .‘lrl'-;«'llrkf which arg marl of o
Eo-pin ML pickape (e lahz nin this drawng MEE-7) for sehematic und valnesh,

Tahle 49 R .
KE-T Qutput Signals - . :
"Muemonic . : T}mr.;rlpth:nu
CLILEE{lIH A erable i the ciockng of the BR Register. Gated with F3 an kE-5: .
EURF 1 H . Exrcmu Micrelbrnsh Feld. [hed an BB Tor the EUBC M. Algo uzed on BLS
I pourt for the voe LE BT MUX on Thal desird.,
| - .
E|
ECNT{LtH "Emable Gt An arkle 19 Slack the cownt 2oted wdth P END H on KE-5,
CLE UFPS(T Frakle (oo elock.rp hit 8 of the VPP, CGuted wilh UL U Loun KIS,
LCNTI b Fisil Crant. An cnakle tor the i'@I:'I.I.I] that is puted oo Laad e counier, Gated with [
il B2 o KE-5. '




Tohle 43 (Coun
 KE-? Qutput Sipnals

SNTMOCL
5 .

L OECYMO(T) H

1.
-

BOE1Y A -

1

SR 1T H
]

Mnewnwrie IMescrigtiom

GPCO{Y) 11 The three bits in she GFC Celd of the 7 Werd used oo KU-F a5 aninpud to the GRC
1 ' * deapdes. -
2

CLEGL) 1] Clock . Used on Kind gatsd sk P1oand P2 0 menemie the chiczing signal for the

FPS(C). ' :
CQLEW{EH - Ciock. ¥, Enable for the LFS0¥ bil cleck.
CEIMA IR Clock ™7, Eaable for cac FESNED Bils clock,

Belect ki for-tha M E ruliplexer vsad on BRE-o.

Sumoe-is phowe for the O, ¥ rrgocploxes,

Sciect hits for 1he TR Reogister that ‘Brterming @ <Al =01, 4 shilt tight, 4 loed or
Mu-Cq, Used 1m EE-S.

Scleor bit for the T MITX. Determines which MUX inpel s wenl Dack 3 the hase
machine vig the BUS I 15:000. Lked on KE-3 uod LA,

Strahe RDMux Usod on KLU-3, Enalles the TAHILE drivars to the oLl EEN 35000,

STROML} 11

4% R KD ROM Ward {Dwps KE-K and KE-9)

This Ingic {2 sticarap veatjins ooy thise TROKM bits in the bode mechine thi arc aetoeely dopliceeed. Thoss [hal are
mot astively duplested uzé driven lovw by the KELL-E during the vme Lkas the sption is epzblod. These valpuls are
wirz-[Rad with the cutpuals af 1he hazic inachbi: BOMs: and vden the |1n_:|L'im| i% anahled _I:?!-],-' TP haj:n.g Ecl:I, thee

“hits eontro] the inputa 1o he bisic sechine 1 Register sather thun thowe o the K51 1A T which is disabled By

i setting of UPPS. Output sigrus are iged o Tebla 410.

Table 4-10
KE-4 nod K& Qutpat Sigoals

bﬁruwnlc

DessctpTian

L BUS Li4®:00) L

Wicraks aurput sigouls, All o Lo Lhe theee Berg A0-gin covmeztors an the back ol <he
indule. There ave thoee cibles o Lhe osic machine. The connorton ard shisn on

EF4.
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e e o i ¢ e

An axample of one OB b Foeding teo T Register bie & socn ot coordingies C-f. 1lers rme il Trom Lhe 1]ROM
rzeding tore bits duck o the hasic ‘maching through a paic oF TAHHEDL goses (BUIS 040 L oand BUS LIGE L) 10 s qet
ngcagsar 1a uetively duplivate of the it in the basiz maching, bue ey do s Lo be driven lew if thay ace nat
nred. Az Jang as the oplion s enabled, thess hlts are driven Joer a0d absayes repdster Os, Thess bits ace the SFS Geld Oa
Akt fizdd} in ke Besde mmichdne U word Tiom which ealy 2 codes ar raquired o the L35, The ceromiatons Tur the
BLE T bits urz nol shivwn o thig ehect Tocavae they are Jocated inoche basicomchdoe, There 5o lemdsalor,
e var, for the sz lewcling the TAHD -1z on this druvrioe Because Thil :.-:ill;r-;|l"i-: il s .'_Ll'..ru'::lf_'.- il to the lsic
macline, The T3ER1-T 6 an apan colleatar ants aod i terouoator 3 gk o the smocesso.

O sheel Y al cooidinates T16, the anoper W3 s be remeaesd whes die P13 option iz instailed, This is ased when
[“._-||_-|:|_-ir||:|: ;I:p_ll'l paving arpuioente. & common e is prosdded Tor Geleing bl agunienz, aad the fist time dhrough.
the WOR alwayvs speefize oo odd geoeru] rewdsler address inowhich Lrostore Lhe agoment. The first time the odd
aledmess s aszd and the sceand cimz theoueh she even aldress i oeenf Thes s doewe e dopct signal ARG A at Te7 L
prahles that gaoe when AND2d with an o live oplion o gleve WS U low. Thes s the low bic of the repieter addoeus
that i2 heing nopared to wield ao aver redsler aires..

159 ASR and MER (Dwg KF-2)

Tha iz e first dzawing for the MTERY moclole constitdzing e FTS opoion. The sume iming poevsids cor this npiinn
as et desesibed for fhe FIs option (Pimesph A 00 These paagaphs pemain oo ooly those custanwr: ulilizoe
L Floaog-Pousr Cption.

Limning, KF-2 e ding The HSR_:n;ld.'I!-L‘:‘-R ]:'-'E..l:‘g‘i!'iera. Eeath ame lelifnghl il reRs A and harh s fed from th: BR
in Lhe RIS optina. They are vsed a5 sither hoddiog resis ers or shil regisiers. Doopin slgazls ae listed in Table 4-11.

. . Table.d-11
KF-2 Ouiput Siampl:
_'l.'lmmgmir_' . T ... D:scﬁpliw
SSIET SO0V H The cutpura from the .I'I’HRJI.'J.L'.[if__'h.I shill rr;.:i:-;iv.-:«.. _
MERDIL The imverted nolpol o MERON. Eied an KE-5 o determine swsxiliary AL funcrions
207 P oy iwSide ins ruclinus.
HaRIA L The inverted oulpiit of USHE1A. Esed on KE-2 a3 TRROD 2t inpar duta.
HSR{15:00¥ 13 H The autpuss Erom bhe LIBE U nghi shirl registems.

Thesa repistesa consist of 741%s ted in paralel by BR{15:0F1Y W Bl registers are clacksd by E(PL+P2) 11

etziated an the FTS hoard. This clock ia aleanes poesenl ol bolbe cegsters b s et on will neenr unddl the preper
el Bl pme present on che copiater. Sclocdion is wrdomplished by o Sbi cimbivation of SHARE )} H, SHAR 1)
H, arl SMER{I} H. The HSR select birg are fed dizectly 1o the L1151 Bepision, aed e alzo zated into the MER
Regster by o connnon sigaal SMSR{1) H, When only the SUSE spmals aoe asenied, andy the HAR is tnaded. Whea
SREDI s et a3 wall, the VSR iz aleo loaded. Thia is why in the Hows wheneser bolh rzpislers sie o he wsed. the
BYTE ix leadded firil and then iz HSR iz loaded without aticving the MaE, )

The clear inputs to thess sgisters are tizd to pull ups, Theee are shifl impoig t e high bit and low bir of buth
g b :

Genenaly, “hese registors arc used to ghift dalae o FBRLIL, ey are concatenared with che MER Toing Ve Jowe:

ragizter and thg HER the higher, lo this wpplivalies, HAROO:Y H eatziz the shidt joprt of MEE1Z a1 L55,
comdinares TR, Th Low shifs input to the SR S FI0CT o0 coondiates -3 urad in shitting L2ft
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The #igh bit abift inpuc a che 1ISE s DEQOCLY 11 u1 coarBimte: -7l ML, Abe lowe DR Bit ol coter e high
dhitt input of HER Tio ow shitt inpur of 1ha ISR G vither .'r]bl-’.lﬁ 15 kel '.rjlh the sl G5, o O, Whern GPO=5
is 20t preszit. Os are shitied into the HESER.,

48.10 anw._nms:m; {Dwe FF-3)

Tle FRTATE 5 = [4hic- wide 4:1 mulriplzxer thot selact: oo 03 fepr srte of 10-bit iapors to be fed fo the COPE? vis )
Ihe ALS RTH1500]. They apedoe gimilarly to the RD MU in'the ELS oprion, usice the aane sclect hits s azedin
thatl T wilh s geprarate zueohe [(RTFRTIM] o cnzhle this art of drivora jnzread of the EIS drivess. Qrutpat slgaals as
listed i Lalsle 4-1 2.

Talile 4-12
KL= Oualpan. Signbs

MWoerivanls ’ ' . Do oplion

RIS RO 150600 L. ﬁ1: ourputs of the 74HO1-1 drivers 1o the BUS BIY over which éata fom the FIS
) opcion iz transfzered 2o the CPL., .

Guipuls vz ihe dual &1 made ipluser: ["-'-'I-'I 83bare Tl Lo oz enllecion NARTY gatez CRTHM - 1), These then drive 15
BUS RO whare the dema is vansferned-back Lo the processor. As in the RUIBUK of the BIS, 1re FIILY i elearied
by combinccony of SEDMILE [ ond SEDMO 1 I bet wmiommeion is rnd cranslezred Do the BUS LG april ibe
drirors sxc cncblzd Oy STFRDM b Ll A cimular coible 35 provided oo the” 1705 conmlerpird, swlimse dpol e s
il tiplexers is sransteroed 1o the bus nnd i: listed in I]' Lot de oo b AL as o Tupchiom ol Lhe sele:) bits.

A 00 combination selects e MSF Renister whilz o O] seleds the 158 Repister. [0 the conkineion is 16 Uie © inpal
i saiccted. Here 2ae luch nraument of the sleating pednl iy aszemibmiad inloovoe 1Bl wend. A 1T coenbivindion welecrs
e comilants as geacnitd on KU, deole 1kt oul all bil poslicns aoe oeeded [z Uhis rossfer. Those hal e nul
tequired gz tizd oo proond. .

43811 ROM and Control (Do KF -4 '

Thia loge provides the cxtza sopcfol oeadad for the IS eiruclions. Bocomprisss combi Boral losis and
B0z chat supply the oxeru ROM bisa requdeed by the 113 Losic, The logic conirals The registers in the LTS a0
gencrates the conzounts, Dhrtzut signois a0 given ia Tusle 413,

' Tuiled]3 _
Kr-4 Oiput Signals .

M rieanomle . . ] . : |;FE!-I!I:'i|.'AI'i|'.'|I1 .
STRROM{ITH Strabe floaring ED rouliiple s hil, weed '!_;':II KF.3 1o enahle the FRTMITX to the BDE BD.
SHIRO; 1 H Sclees bits for the HSR Raogictar,

| .
SMER(TTH _ Salect hit for the MSR Regisror, Loubles [he 3LISECE LI‘J (1} FT Fs 1o pontrel the MaR
Tegister. -

a0



Tokke d-13 (Cirnith
B3 Chutprl Signals

Wnemiemic

I]-_-u_":'i.PLll 10

LFUBF%

LT LIS H

CHM0ET Y E
1

FALRY ALUH
IV H

Fi5 THRTR L
EUBCS L
FUBC]

#NFPR7) H
AR} H

ARGA[ H

T'MRL H

OYFL I

Prowvidea sdditional braoch Fsst condilions fur she FIS. Disables t'l:n:_:E.U'.El'.'-]- trush
muicpleacs o the LIS amd erobies T0H MIST on this pint (KF-4). Allowa the LLE o
canrol Tit 1 (CUBCTY wl The ROM aliliess rather than its counterpart in the LS,

Somz the sppooprivle Bil (ELA l"1"; o the € linea e bitote 3 DATO operatiom lear
tloariop-poin: opention:. ’

Thess are tle teae iy bl eles ibe consting geaciatzd by the FIS opticon, Thess gt e
with GPC=6 combing in the lowic Lo generaws CORxx aigoals ot aoc gsed (o generi’e Lhe
pitel coms ks N, 253, &, 300 and 2060

Ul aowilary ATAD cont=al, Used in the floacior divide g o enable aaxiliary AL
cenlml on b3 g dhe BTS prines.

Floctione divids. Lhed bere o enaiile the gencetion of FAUKX AL EE sl oo KE-2 of he
E15 board ny ene of the <Dl inpgad enanies for tie DR Remsten,

Allows a floating jostcuciion (o erable e option ROW and to braach to the 1753 T
Inpiz t the MT22 molule U wiond i the hesic macluoz, When Lo, Q185 Inue vhe RO

addreas 1o rpodify the addees. Bsed ooty fooalort the foating instruccon in et ol a s
AUt

Conzcals tle Ioaest medidtille kit Dol the RO address e |_'IIT;1'.-i~'|!'. mhliznnad Branch coscs
ol the Fis oplion.

The QR of 28 (previony) and EFS(T) proscon £ sealus indorma Lz,
Clutput of the XE Mop (zec abevwe).

Eond L Lhe B9, gared with bit & of che ROM alilrese. When set, farces selection il L ey
regisler Tor <lomge of Mesting armorents sven thoogh e ROM s szleeting (e old tegisier.

bmderMuw, indicatad by cithor the LPSEEY bit hedng ser or BIS(LL

Crvernw, in dizatad by Botly B33 bednp elear et the T Regizeer ooc equal ol

The toro BOMa (23-B330A20 ure Led by BUSTT:0 Hand aie enabled by TURPPE 11 Tacdy cutpuls kel Lo 74173
quad rzpistova that sapply the mesultint oulpol- Lo Uhe lge. The clear mauts re thees ropiziens e sl Lo padl 4
resistor and thay ove clocked by CLE LUCEE:RT) b, peeeniied on KE-5 of the EES board,

The 74151 {(FUB MUX) ix an 5:1 mullipleaer that tombinls lut | (BUTBLLY of the BOM address, Leeely providiag
crres hranch tests ood avoiuble wilh The ERS losico This WID i@ strobed By EUBFACL) 11 ANLed with hil & af the
RO addrcss. Wharn EUBFS is assorted, the U <ite uf Lhan Lit dizahles the multiplexer BUEC MUK & on KE« of tie
FI% hoad and enshize e FUB MUK, Inpuls Lo this WX e selecred by eombingtions of BUBLTZR(1) H. Tha
takie on this shest (BF-4) gives the estlis ol (Bese combiraiions.

!



Wheo L) is selectad, Uz srate of ARGA flipflep iz tesie] durive Nezcng argament foching to detcrming if the A
argumeni has heai: feichzd Whea DI is selected, MEE g ietad. This iz uszd ln she tleatine multiply loap ca
detemmime the aeed Moe addition. )

12 lesks the OR of 2B and EFS{Z). Nowe lht Lhe #& Mip-Map eets its inpa Srom the EPS(Z) flop and iy docked at

- L same G aa BPS(Z). D2 looks au ceunter bils 70t dizcinine oo the conne exczeds 3y,

T3 1ests 1o sce i the answer is pormalies, There ae two teats here: L) is the aniwer oow nocmdies” (LAY 1)
i, o 23 will the aosorer be normouliced aller Lhe sheit? (T3ROS HY The 74150 5 0 HOT OR AMD gale jowhich
o of the ioputs og zech OR gibs must he satisfed. It GPC=1 & gsacrted. pin 02 of LU will be amibled vising e
ogic ta loak ot DF05 oo pin 05, M GIC=T 40 ool asseted, the investyr cutput 2t pie 04 il e low causing L0405 0l
pun 03 to bo exonyced,

TF To5 iz aelected, MSRAG(L LI iy bested. ‘This is aged o dete g whether tooadd prosubtrect the high divor ine
FTATW lorap
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CHAPTER &

1NS'1*P'1LLATIDN AND MAINTENANCE
REFERENLE INFGRM.F&_TIGN

5.1 Ih.FnI ALLATION

When ke KEII-F i lacluded az gari of the ipitiol PDP-11/40 Svsiem, the MTESR 1rlru|u|r i% irslaled prins
wzprient 16 is hcung an.dn:ui mn::- an I:}\.JE-T.L1= gystomn, proeaed ns folloss; -

a Inzest the M7238- mdulc in ‘EA -1|.-Ij
b. Bzmowe The jumper l['i'r'l_l 2 pncesssd nodde MT233 (TR DL'HDDL:I at ]un:auar ‘rﬂ—| L

.:._' Install cha |]m-u,-, “esp e lw.-...;l.; citl:les Do J1, F2, and J3 of the BUT25E mesdols 1o J1, 32, apsl J3
respeativedy oL the MIZAR (L Wasrdbonndiice 37 lazaticn 30 A—Dp

When clue BUT 1" @ b e achibend tovan cestenn, the KR -E naat alse be agidcf.-["i‘-‘:tm;l 45 fu.ll-;.w.'a: .

i Lereurm sfeps .:-l}!ur.up,ll . Ahova, | . o
e lneert the MUY cndue in | [A—Ta.-
c, . Lo 1he M7 rr||,1|_|l.|.::'., manwe the foll o fump:.ra:

L Wi fpomn CO2F2 o grinnd.

a0 T WA Trne AR o grc:uui'nd:.

A, w3 iraar DI o gml]ﬁd.

| "'Jll]TE

I¥ thewe § jummpers e ot remnived, the KE11-F Option will stild
cxecule ENS instrocions It w1 ot execute FIE justencticms,

When tha ahmt -alf.-.m are pocfor med. the KE11-E anid E.L]ll Uphmw are ready o e q_h._-,h:d cut wing the
sl ic '|:I|'|‘|;i_r.| re s pplicd with the u:npun:u:ns.

52 BMAINTEMANCE

The dwiipn, crnstractisn, and irvplessientation of the MT238 and WMT239 nodules wied-in these option: ure: siTmilar 1o
thise nsed in the KETL-A Central Processer ard otlier optiona. Mainterance prosedures for the sndine sy-lem are
desaiilwd I the POR-FIA Sosrem Afnowal 'Chnpmr o Fheooe ore a6 spesiyl maintermpmes priwedunes Tir these
OpPLians.



521 PHazwrstic Promwmmos . -
Tubic 3-I lis.s the KL L-lad KR -F diagnostic programs. Thees prosoos sy p: art b remplete ik of Tasie
processor and epeinn dinenosties. The zequangs of mocoing the dizanestics & sel ap o comziealy dest ke K1V 1A
Centrul Provessur helies silzmpting o run the diagnostic sroprams For these oplivor < thos eFrpinadiog (ke KIFTT-4
w5 o possille couse ol il

Tahle 3-1
KENEapd KELLF Diagnastic Pragrans

— fm e o —— e e s e, e

MAININEL M. Fancrion

e T T

KE11-LC EIS Oplivn

CMAINPALC 1120 KT, Niwds instrrecion

MAIRPEC 100K ATE . ) Cultiplr cstraction |

BLAT -1 100K 50 Arichmctic slef camirined reztruction
[ % IR e I i O 1 Avhraerie hift instruction,

BLAINEILA 17 -D0000A MU/ T Exerelser
BE1T-IF 1"l."§..l_]];rl ik

MAIREAA T TIHEEA - © Bugiz iostrusien sess

M ATR 111 1 TIREFR " I'xetciset
M AT I DTKED . CTR overlay

Lhe MATNTRL (raintznanse deseiiprions) toy cach diggnustiz propram “radizals bow e progron oo be leaded
amd cun. The weogrem listing indicates the froctional Jogic o § beivg el Byoechorpuzine. The dapeatic
srodLnE e Worten alang funesional lioes to test and exercise all efthe K1 Rand KED 1 F Tngie,

ALY Imuhlrghnutmg | et Peinceduren

Ibe KM1T.4 Maintenares Modulz (also r-:'n:r:l:d te 0z che milntenizie conecls) privedes the we- wilhs meas o
warnial iy spe=alng the geitzm and monitorineg status doine maintensmee epa lica.

Phe haaigrance nodule iz 2 W1 20WL5]1 hoard cootainiog 4 seitche il IR iralicens Pl reanilin waricns Lenals
wilhoy The pricessor. Whea an Indicator iz Lit, it mesns Grat the ussocinbed logic leve ! ichigh, A cvarlay ean he
altarcbd 1 e gonhile e ieelicatz wlize 2;p0als ar2 boing menitored, This nverlsy i receory hecaasa theenesdule is
desiaoed s o reneral-purpose devics aod 2o br ued, withovt modificarion other Ran usieg dilTereal o v, i
miiy POP-11 deviess, The spelc funcriors inonibeied by the n:.-:l-:lulc fdepand on [he Joygic + |'r|-|Jk- wizani 1 The
devier meepiacks thut reomves the ol :

When the medule s need for moniloring ooerating ol the KR B Extended Instooction Sor end KE1L-F Floating
tstoug Hon el Opdicsis, aldivinn of vhe KE1-RF osvelay (Figase 5-1) ispecsseary, Lo sius upplication, the Taodo.:
is meerad mle presesoe < B oand ke 12 indicstess on the dght of the ovedlav use weed for the KE 1L
rctinns, Meole 1561 none of the seeiteles ars oporaconad wther the madule is used Do this purpase. T e Torn: Lz
crevilnred by The imhicaners ars livlad in Taule 532,



NOTE _ : '
The functlons deseribed in Table 5-7 indicsts the general

puipose of The indientor. At times, 3 single indivator niy dow -

s numbet of functons, depencing oo the coment sfare of e
poceaor and oplion, This i= why ia order tn wse the

muintengiwe module pruperdy, the tlow dngrame dhoud be .
ollowed to deternine the signiflcance of an fodicatlon at any

ane fime.:

© Tuhle 52
KE1 L-E'F Mantenonos Module Indicator
Trdicator Twdecatinn ['rinl
RS Bit 15 of CFU0 B repstes. I divide. el will DRID to R 15
determin: the ATTE Fancron o be perto-med in divigies loag.
FLTR 00 An caieroml saTy-none e AL, KI5
EXF UNEL I i exprmeiis! uadelow Guning FXE of Teating poine EF-4
Turae.
FXEVEL Trdicazce caponeriiol weeToar uciog LXLD of Moating poeng -KF+4
Aoz, '
I Tlked in copjuortion wia other bite 1o iodivite earioos EL-2
conditione, 202, with BIS o divide to deegmine ALL
faactionz ard to Ueisaqine necd Jor divisor comredtio. Ses
EPSIC ) Far ovhuer v
DEL 1kl a2 teat tor noomakication (see oating pedod tlowe page EL-2
.
WSRO 'H.il 0 of MER poziser. Irilicatas AT fipstion in 1EY. KE-2
i AL Bar 01 of MA% ree e, Indivates LU Tunelive o FWTIT. K2
E,:E-':‘.q::_'j O bl oof exrendad processoz ~Lilis. Tie ML, wsed wilh LI
e sdsierrmine AL fuacciop i mdiiply Toop,
EPE (V) Oreziflaer bit of the extzaded processo status [
EPS {7 Fein hit of the extended pooccaor status KL-i
ER& (M Mewative hic 0 tha snoeended porocesson aratus K-
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Al CEMERAL -

_APPENDIX A
GLOSSARY OF TERMS

Table A-l comtoios o collecrion of 5.r_|:|',;'|,q-: of the termms st o s oesrcd that iy need r'|E-|'i'||r|.;.l;. T dnes wal inchal=
all termz. ooly those that it i thought might be vonfusiog, Listing i n ::|]1-||.-||'|.|:Ii-.::|| vimd e,

Tuble A-1
Clssare of Tops

Toma heslimui 1w
ADD Add dimsouelion)
AT - Audrss
ALIT Arithmetic Laogic Unit
ALTN Arithmetic Lopdc Unil keds
ARGA Arpument & (1)

- ASH. Arithmetic shift {irstroction)
ASHC Arithmrtic shift rombined {ins niclion)
BESY. Bus busy
BRAH Lus pesguist
BLUS Umitws -

B1Is D jLIvE |:r_'ir_;r||FT\-:'| T

BUSY Buiky

BUT - IAmimizh 1'||'i|,:'r|r|_'|r-:'r_\.:r:|||| 1esl
Ik ey« [ AT

CLK . Clock

CLEW Clock B Register

CLEBA. Cleck BA Register

CLE Clock Ty Registar

CLEEE Clack ol T

CLE Clzae 0,508 [instreiion)
O Tursianl ’
COUT MUX Carry-mt ol plexer { ATLT)
ClLpus 08 ol Tnibus

DAaLlF Thigerare aleenaticen of dara
DESY TaestinaLinm ’

DIy - il (instroztion

DX Ipis mudiipleaer

EINSTE Exveonded Tnserclion

EIS Fmlepndeid omi bhmestic imsarulion sl




Talle &-1 {Cont)
Glimsare uf Terms

T 1reliuikizg
. LFs Exisndeld Prozesnr 32zrug
Lin Frosorled nticrnprazram bas
LLFE Frzanded melerngarmaram pontsr
Lxr Fa rncint
[ Fuaocrizi of
LALLM Floating add finstiwaron}
[ N Flaating G| Bus
LI - Floszing divids (inatructicn)
I'BTCH Fetel {Proceaser Gtats)
" FIRKETR Floazing Inscretion
FT5 Bloering instruction s :
FrITIL Flogting multiply (ireloastin]
FETIR Elonting subtract Josl cusiion
FLI} Flonting imicronroazam bus
14 Tratrocticn sopiscr
L5F Tnstructicn st proscesor
FapLITR Jank microgsaosam poinnco
MLIL Multiply {Znstraceion)
1R Woltiplesr
Mo LT Mo ope rezion
Tyl fvcriing .
B - Trogram Cownte
Fs Priwesor Blalin Repiitz
Fu ) paritlih Mind Ry 2
ESYD iMSTR Lieserven] inst-ni i
At pelecl agicdommetic hgie unin
53l Ferlee, i hmetis logic anen mesdz
SEC felesn v Lin
SEEWICE BeTwire
BET CObD O Eel ol e
- 8F Fourge Tiehl
5FV1 Fariarge Tield ThEar] weL |
SBC Sonrce (procasgne rnjor 3L
STFM Lpacial Tap Poloter Markar
TRAF Thes call
L. ¥.cropropram
I'RF Mir=oprogem brimsh Geld
['WFL Cndartlon
e MEvroprogium pointes
NWORE Mirroprugram veord
WEOT WL
XOTR Ligclosive DR OV
A “E B pravions stz | Gipelleg
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EEL1-b md KELLF ING FRUCTION SET OPTIONS MANLIAL Readeir's Comments
ER-KETETY-002 - .

S opar camnicn s ond suppeslions wil? kelp us in owr continuous effort o improve the quality and urcfoheess of

st publisations.

Whiat is your meneral reaction to this manuad? by your judpmead 14 il coroplets., :Lihmlfﬁ'rﬂ, well onunized, well
written, ote? 151l cusy [0 use? .

What foatsnes ans most wsetial?

What feulls o wron find wiilb the mamial?

CLT U N 143 TR LIM_-

Dinzy by rpaninal 5:[1:131'}' rhe need vou think it was intended Lo satisfs?

Ieees il sudisf 3our noeds? Why?

—

Woenld yon please indicale any faomaal erram you Lave found,

Flease degeribe your j_.'IIZJiii"I:lliJ[l.

Nams Cdreanisalivm

! Sireel _ - Deparieient

Citly STate - : Zip or Counry
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