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CHAPTER 1
GENERAL DESCRIPTION AND INSTALLATION

1. GENEHRAL DESCRIFTION
Thie BT ]=4 Exleialed ,-?'n'i'.l.h'_nzfjl.' F:lermenit ks s device 1jsE p!:FUL:l.s aritlinelic operations on sumetcal data.
Tae KR4 can bz aneheden) i1 2 POP-26 Sysdom condivdiation as s deves 2itached oo se Voibus 'Eﬂ" to sk-
pedire awnerical calculatians. '
The XE L1-4 performs five arthmetis operations

a4 Maltiplicadiom

. Fhwiviad

e Thres dilferant shift-eporations an dats opaands of up to 37 bits.

Tae KELEA i5w! g procesor mdiion; 11 gommuricsie wilh the procasor eniinely Lavecgl Unibos data tonsbos
S e O ads siriblanavusly with prosaor Hp e,

1.7 SPECHRIC ATEHONS

The phvaical and erdroamenta] recamements sl ke X051 [-A B ieaded Asthdaeetle Blenen! ae BHe ssme ax The
sarrespnd ibg Tnjsememen bs af the procowese in the PEAP-11 Systam. AD powr requiscioents of the EE L -A ors
supplied by the wpatem power azpply; the KEL]-A reaaites b 21 +5%,

1.3 POCUMENTATION
This iz fosl e divided into slx cheaptzes. as toblowa;

2 Gepersl Bescrintion amd Engtaflalion
b, Progrsoeming Lhe KIEL B4
2 Thaoor of Qprestzon
d Cotees] Havdware Descoiption
e Ireralled Havoware Dewcrinton — ineluding comuid echemzties nnd Togic doaylicais
i RLdside tanc:
The KT§ -4 comumemica e wiide odher devives in o #3011 Systen vin Soe Thaelas; bonwedi, the sirocrurs and

aperifign of e Lnilaa s bedod e s2ope of tha manwel. A dismsiaon of the Uritus i ineluded iw the Ceidey
feierfice danant, DEC- L1 HAR-D

e dueismen b THAE see 12R5esl 10 the RET -3 and the PDT-1 | Syetem are Beged in Table §-1.

Er—

ﬁl‘? kil b g oedrmd OF L0 lal Fqudpesenn Coraageban,

Talde 1.1
H.uluil.'d Thocuwmenils

S T L e ]

PRETE Peripheraly il fiogerfaeing Himidbaol 1120007118545
RIS 0750 Procesmr Handbogk 117016711855
MO T Comveniions Mol NEC-11-HERASD

MET 1A Dizery ek
PO Paper Tope ST wane Pr-:-g-“:rn.Jmll'.'l-_.' Hancbaad TEC- -GG A-D

[ - L TATL T TeLs R L AR

14 INSTALLATION

Tle KIn1 <A Bxredded Aviihinetic Bimnenr consistz of fve modeles meosted i 2 wited PLR-11 Swestern Llaid,
This sirstent widt comneced to the Unibus and so e PDP-LE powner supply trrouagls sliosiend coanezlo Hal oo-
Caspy standard module stoce in the sy stem anis,

The Sve modules 12d bt e KR -4 ae as fotbows,

'[:Il:l.tﬂ‘!'l'l."}' ] Mm‘lu.l:.
i WAXT Cincly und Siabus
i MTZET Megisien Couttnn]

ka

b2 Bopisicr

M T2 Bera Cantrol

=)

The EF1i-A & ingtalled by poeting the aystem oaik in a PE¥S1 1 moen Gy Teex, insecling e KEV] rmeslole w2,
ILe Lrinmg cornaciors, and e power rannecios m he maedule siaes, aond verliviag cowreot Jostellation by oxaoms
time Ty dimgeoshe and nocnal oemlimeg proprans (refor o Tabls 1-25

MOITE:

The pmsmdure e instdbog the seabenin wntt is desceibed 1o che
FEG T avee o Werned, DPEC-E--HRAA-D, The KETL-A
modeles sre mseréed im the slote s diown on Prowing
D-MU-KED 1-4-ML



Tabke 1-2
Lizt of Dispnoare Propramis
MainlVEL Me, Tilde
MzinDIBC-§ §-DOTA KE11-A Random Exeveleer
MainTIEC-§ 5-FI0RA KE11-4 Bazlc Logie Tout
hlualst 13 BEC- | 3R PO-EE Syslam Test LT Cverson O or luler)

The KE11-A Ul sddeeases are hardwlied 1o o of teo sets of addeewsea; FPT300 thoousk TIT368 a0 TTTI20
through TFT33a. The EE1]-A is nonnady supplicd wich the bower et of addmsacs; if @ sccond KEL 1-A i added
tis tha eyaiem. che higher s25 of oddrseses & vsed, The KE1L-4 doge ooz use the inlsrmapt syaeet aod has oo ia-
Larrapt veciur llteys OF priorilies

i
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CHAPTER : 2 .
PROGRAMMING THE 1(5114

The EES !1-1 ‘Theer's Glalde rervides d‘-"!-lil‘.ﬂﬂd w*ﬁam'nmg ]!JFE\II!'I:EH-EI'E for the KE11-A. The chapisr 15m-.-1.:!¢.5 a
mmmanrpmm.nhn and dﬂuﬁﬁlﬂt KFil-A uwrﬁhl;lm [hppundl: Biam r&imm:a: chare of rhiz ::u‘rn-lhatinh_}

'Th'.' EZLlJ: A c-:'lmm}mqm mth the '[J:llhlh thmu;g.h;-ﬁl ol 'l.l.l'.'n_l.l." 1_513“:-]'5. {refar m-Tablu. 217, Thast wéjmutey

EALlL 1'|Erﬂ-=T& o ¥urded from ihe bua, The rogkatars cofta hoth the dety wed m cadogbrtiome nd mj,:vmaﬂun coeL-
cerig £he perafion e be parfurmpd:on. &uﬁummm chat dore bacw pun‘nnuaq-uﬂ hedata, The -
FDp11 pm:mm ﬂDﬂImI:'-ﬂbi' KEH1 1-'-"'- thecugh, the th{mnal.ran thutt it puta in T.hﬂ: r{:g';mg. _

Tivs apereting muﬂﬂfmnriizﬁn +A in mmﬂm toodne :mnmctkm cyche of tha provesser, Sodh the data and the
uptreticn fo be prrformed od that daki Fitkst e speciiind in ene doty irsnsfer. Therefose. the KE 114 s mor
reg it m i, !pm#r,'lutmmhm 1w speclfy an uparwun stoad, the UREALON i -II-Eﬁ.'::I:I.i:I-J.I:It'-d- !mp]{{:ltt}ffi'm
the addm.s‘tnwhhﬂt data 15 p:l,qpplie;L

M FFWF&' ﬂ!ﬂhﬂ ﬂmﬁ:ﬂap:l:fh:amn b ﬂn piicemsing of Ehs w:ﬂd ﬂptﬂnﬂ Tegitar [&rmuln.p}mmn and

- iy, Far zrm‘rtqﬂiunh-:n. thwmmﬂcr*nnhm the snuftiplicatd: for dadpshone, - mlhimtﬁpﬂm The -

reglier cennat hﬂ-’ﬁﬁnla#lﬂr adiiressed st redures all O when read. (f the mﬁ.m is Jouded Mirungh address

_T”'.I‘EEHS the B f-ﬂ; eRecItes :-Lml.:lt'lp!gr ﬂqmlrt:ﬂ il e rmb:ru bonded E‘ﬁm‘uﬂi addresa T".'Hﬂ:l:' the ﬁ.!:.] 1A

ERecuids & divide u-pcmf.m::

"‘-l:ﬂl'ai of The mrgistecs ip the KIT1 Lo are acoesacd TJan.:quatn s Haa e 11u; nddress, Inearh use, the different
aclibre sty prowdde ﬂﬁml m‘lpl:rﬂ' flm-.-hu:laa that u'upmm: 'Hitq:n.z-daﬂd Bﬂith;wu of mwomunicelion betimeen
the 5331 I-u'h Ilﬂl‘-‘: ‘FI'-GPI'JP-H pm-,umm' Thrir: Ium:tl.I:mE aIr diacosnd E-:n. ::1..h imi-.‘lr[:tul pCaleter in tae }’u:lmrmg
oo

.1 i.:EH;A.mzdﬁmRs

Tha KTI 1-# cromlaims Fowr explicith u-:ldmmhlc mg,m‘r:.m a.-m;] o0 ﬂnpinr_lﬂgr md.m;:b.lé. nzgester, Ol of Lee e
pHcitly addicrrabhe regleters, the Siap L"ﬂw'rtqr {EL"‘I. TR alm b mphtﬂi;.r Anfchmd fior eeveral fypos of oposa-
thonz, Al of Eie ropisters Bitorsce hlm&wﬂ&hﬂl lIlmg'In:m ind ﬁ“ﬂmg oprrafing, Table 2-1 lise thea

reiiaters Al Chedr addreses, 'Itn: mdi'r]limﬂ mmmrs md el of thidr upm*u‘l:];}rt e Qisamasd 1o e follewing
PrupTapbis.

‘[Hrré 21

KEt-A Bevioe Reghtens
Mneen anic Rugleies N Addrrsms™
MG Muiitp lizr-Creotian TITHM (PTTALA)
AL . Acommdstor TITIZ {TTT32E)

.'de.wﬂus amt dwxen Lor the normat assignmeits; |:11r leighas mildepecs il ko se
ke wrd fog o osbicond KELI-A,

Table 2.4 £Cont)

N KED 1-A Devive Begisters _
St me T Sep O - TN (177830

Rt Staruy Register CTINLL (7L

X ' X HLHLE

‘mdd-mugtqrr sanyn: for the nomas) nlllgnnl:n'.i the hlghor sddceeses e parenthaes

e vl for s sieid XETEA, .
“Emﬁiuihﬂughbﬂumuﬁiwmd’hmdnﬁr&ﬂthuu‘

e T T
11_1'Hu1dpﬁnmﬁm:.lingm& nnee it N S T

The Muiatior Chgbicih (MO teghtar contxins tie aedtiphior at the ha;gj-uni-ng nfume.mﬂehmu A Qe -

I dent 3t the 2nd of 2 divdsion. TIIPHQh&ldsﬁuahus@:tﬁ‘mﬂhaﬁafﬂutn@-mdh;ﬂﬂhdb&m&nmmmn

Two-wosd numbers contsined in the M and the- BoClnTIIator £ACY cam bz shifved of mdrmalized.

The MY is explicily nddressed 4l Tocakion 777304 and oo he read or Kouled w_hen fhe MG i Joaled, the vatie

i the most signifivand hid i reprotaced ' the AL, therby bteadng the sign of ieie-wtd Aperinds fot dividon

et sfudft -:bwnuum It'::u:fz.r:'im Lo byt of Thi H!}hhmﬂmﬂ- the ﬂ[:.l'l.:ul patesded are bovh the more mignificant-
brec of ﬂw }.'Ef.! o the !L'C Lc-n::ﬁn&'rhn I.li.uh 'E*_'.-I;l. -T!‘hﬂl:l-ﬁﬁ e a:.g:nmm th A Ell.l‘li does Rk dianl the Inw
Erric. ; ) . .

2.7 Avcumuddtor Beghier

The .JLE_J.Q used w5 4 abomage beplaes fq:_a' the.pesntes of gdditions and subtreaticas dormgmultpbicstion amd division,
It contains the 1oz significan balf.of a fwormard revulé Following 4 mubtiplicotion and he pamelader foflowlng »
divizion, Alse, th AC contuins the momy samlhunt bl of the dhidend Teloze a divison. 'Hb:: AL particlpates

il 5&11“5 int} nortalics: Funirs with the H{}

Fhe AL ix ndtdrewed cxphcigh.ar lpeatipn TTT302 zod can be rend o Joaded. Sign ecttynsion from the MO affects
the AC; thug, the AC shewld be loaded «er the MO and e belone (e MO, I iHe DEiruerions that toae the
date nko ned Brs papdobars vo.g,. aktng & nupebor B So contents of the AC and MO for Forthar procerang).

2.1.3 The Step Counder- s

The siep countdr {80 register partivipnies i ali KELE-A opersiions, The 50 s dirzclly nddremsable 2| [ocslion
THVAUL T akiEition, the S0 can ba loadesd ol Ingetiors 777314 and 777318 and rewd ol Toontion 777312 to



nnpfictly specifr ao apsrgiion thet the EEL 1-A does wheaewvor the prbicala ddress is londed, The Jocations
abd theat assocsaiest cpeatadinns are as follows;

a0 TTY3E2 — The BE11-A performa a normaliz: (NOR} opergtion. {The sidge ade] inla 777312
iy igmored, becauee the 5C iz et to 0 before che WOR beglng}

£ MTATA - Tl KLU ]-A peafonne n bogical ghift (85H) o tien.
o TG - The KE11-4 pertcnng an arilhmetic ghifl €4 5H) op=pation,

The 8C i addieased ae Ui Juse doyle of g word, At e explicil 36 Sadion (Y7210, the hiph byde of e wosd
Ie tos stabies reglsler, At Tocation TT73H2 (NOR], the 8C ce be road 25 3 ward quisndicy, bacpuge e 5400 35 i}
wuys positive after 2 nonmalize opesation ziud all wwre senilicent bits of the werd s1e 05 Atcempting oo easd
the 81 at JI.'IGd.['H'.II.' T3P (AR M o TPTR O CASHY peinTre 2R O

The SC can be losded st one of theoe locations. Twe of these leezapions, T7TANS (LMY and TYTINE (a8H),
impplivetly sp=cify shit? operations. Tle shird locatioee is he explicet add s of Lhe SC. Tlee 25 canaisl 1z Togdest
4l the expiicit acldr=m, iy o hyle fanster; it must be beaded pe 3 word i comjuatcton wlih the stabi: regisler,
Dt eviclind dovkes acldlress 77731 2 (NORY s Tost amed daes mot affect the SC girectly.

2,14 The Status Register (S}

Locitin TT7211 provides explicit asorm to eight bize Cindicatord] that display vaslegs condithons withio the
EE11-A. Thess condilion vodes nee differend from the coudition codes in #ie BOP-1 | procoasor and sdicate
amly eodisbitlons within the KET 1-A regdsters, Tahle 2-2 Yists ihe wight indicaiers md descrites the menning ot
the comditeone represcnted by coch Indicetoe. Thess Indécaters ass capeclally belpiy? in defesipinimeg if (s tumn-
bere fhat regidt drom BEER -0 operatlons ape within the eapecled mmgs, : -

Frz of the right bits by the 5B arc seod-onbyr; thaey sannot b loaded from the bus, and ey alwags imdicsts oosi-

dizioes of the AC znd MO meisters, The teindinemig Limee bits Gm e zead fromn the bas uad loaded, bat the deta
transter into the SR mast be a full word transfer thar ako Joads the 3C.

. Table2z
K1 1-A Stats Regigics
Bit © o Iodicates ) Meming
0 Carry Past bit shifted aut of corblned ACAL during
ASH or LYH: cleared by wnuwllipy, |I.|.'-'.|d.u- T
R riLallec,
o TAC = MOtE Ringls Ieaclyicsn - AN L:0ks in the AT ure the some
e ds W) Bl 150 thas, the miraber i conteined en-
tirel in [he ML pad ihe AC o ihe extended sm. -
g AC =M -0 The vements of the AC and the MQ arc encittly 0L
3 MO =1 Tare contents of the MO realster arc §. '
4 CAC=g The conteats of the AC roplster are 0.
5 AL = 17177 The contents of the AC rogisrer arm coriechy Bs.
(A Mogative The resalks of The List operation were negatine.
For o nulligly or o ghef, mO0% 920 1; for 2 mee-
cesafial divide, MOTS a1 Tor an unsucd=dsbyl

(Coatinwead o next pags}

Tahke 23 (Cont)
KE]11-A Sintes Roegistry

Bit Dl ates Meriing
& divide [urvatflow oevumd] SE6 contuine it sign of
Lone) the prigmal -ﬂmdm-.l f‘l:'ﬂ"ﬂ":usﬁ ol m‘}:ﬂ..dhf.‘ o
AL
7 | Owerflow Exelueve This bit indizotes that the roqult of 2 division 1 to
(R Megokine larpe fow a Ee-Dbit wod, or & gigrelficant e has Becn
lost jn & koft shift. WNate that the ovesfiooy nlicilioa
Is affected by STA; see the dhscusaioe Selow,

Ther cavetlleed inHeirlion provided by Te KET1-A 55 mal 2 simphe ag or comfilien code, The KEL -4 overllow
Indication {blt 7) & combined with tha BKE | 1-A slen indication (bit &) io a maones that peitnits ssliiae oF HHe
PO 1] oyerfiow 0% andd negatiee (M) enndition codes from the KG L8 comdition codes. The: FDP-1 b odedes -
can then be g I brapch nstroctons g refed oate b e Y aod h mﬂm

Tl PO¥P-11 Y it in wel dharine :‘J'.II’HIIE. LPERELBOTS in #ile 3ame manner il Lh': KL 114 recognizes oveellow. When

thae laet Blr sbeftedd aut and the- st b of the waoed ehifted 4i2fee, Hie W i 1g sar 15 the KE]1-A SR 9y ohitred

Ted®s |bsFEF-7 1 sompams bits 6 und 7 of Lbe 5F s esta the POk Y bit it shey ame diffirene. Bit 7 of the
BH11-% §M is the axclosve COF aF the owertiew gondition snd hil 6; thes, bit 7 Tes e same va-]u: nz hit .Jﬁ'ﬂ[-:re
i oo overtlow and e oppondte volse I e o g oo, ‘

The PIH{1 regalivs condition code is ot from the sonrente of SR bit 6, b the PDE-LF caney i a0t from SR
Tl 7, most Frown e EET1-4 ooy, which B8 KETLA SEBH L '

Tl KEI1-A 8K cane it e Lesated by o by te |r:n9|‘ar A 3 mesatin, A HﬂL"l_Eu Lefl, Bple (HOLE SR instracdio:
iz uzed to perforn fhe left :-'.]..lf: the PDP-1§ V and M condition codes ars set floa: the EE il-A -.1+-:r!'lr.-w H.u.d.
mepative condition codes, respeetiveiv, wishout chanpinp the coatons of the KE11-4 SR,

Five of the KE1L-A condition vodes are dizect vdicoeions of the state of the AT and MO registera. Theas cades
(5B bite 1 throwgh 5} abways indieats the corrent stabe of the megisters ind aarmat be Touded From the Tnibaus.
The fenuaiving Erter condition coges {1805 0, 6. and 1) are suppliad Frewn flipeQaps that can b ceand g Toaded
Tloew Hnee trwles Jepae il onfzlioats Heat stett o precosling KED-A operasions: the teloadieg capabality
i provided to pomikit sceotrant KE§ i-A prosranming.

NOTE .
The $H - :ml].- e e Ty o wirtd] teanisfise fhat alon brads o
the Step Cvanber, 1'1|.1x regusime ekt b i vkl ol hll:u:hhg.
hte- e st lloay the BOLE 3R ustructlon (o leat the
S0 capdition cwdes withiul modifylay e SR, .. .

Tobie 2-3 iflnatpztes e pocgible effeets on the three modifiebly conditker eoddez ag dhe reaudt of ench KH1LA
aperaiion. Bacauss SRV i the exchmve 1R af an overtlow condithon asd SROA, the overflow conditiod & 2l
shown, The fobllowing notaticon iz wead 1o Table 2-32

Symbaok Meaning
o T comelltion B clearagl
oo . The irnifisator is ket conditionalty.
- RRCY hyy the pame valuc as SROG.

o

i
e

2%

_:"\.ﬂt
]

=
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SymehaT . : Hﬂumg.

X SRU"-' i the qxl-'dmh"t 'Elll u-T LSRGl Hre
L Ifm-i:rﬂu'-a. ﬂm{uwlxtnfufdhﬂa} L5

et Lo the arigind swigr 4l thhe dlividemsd. Crthep
WEREE mmtnm:hllul:ml-’*:.r .

Tubls 2.3
. KE11:A Reloedable Emlﬂltl.unﬂmiu : _

Opemtion | | CiSROD) Mm: . QvEL Sho?

" Multipy 0 € o -

-Divide Ly . . X
Normalize ~ | ¥ '™ e oa

Lojgical il C € @ SRR
. Arith; Shité £ C N TS

215 The X Rogister

The X regisiorin the KHY T4 canhot e whfnssesd explicitly, Pas inadsd mio the inultiply or didi addross is
trabnifutred b an dalokmal ruglite:; deshpiatia-the X seglster, for o invaperatinns on the sonteats of the AC zod
MO reginger I‘h.u:-"i rE@rﬁll‘."J' canet [Fi3 n:au! f‘m H:u: Tios; Teadiig | Emaﬂ.&n '?T'J'Elﬂﬂ {dmm,‘r oF '?'I']':-DE imn.‘!q;nhr}
redurrs afl . .

22 KELi-A ﬂmmrmns

“Fhe KR}eA can ;-l:rﬁxm h'rc u:::nm-ammlt = mmhm!:.r :J;u:r.f:td by }-:m.ﬂm.;data mre oo of Tive hias koca-

tinms [refar t Fq:bln 2.4, jhaw:.:-m-mnm are:

Multiplicaton
Biviglon, : e
- Momatizalion . . . .
Logigl [0 pisth ydn.tl"fl.m ' T
. Arithmetic isdgu axtesaded) :«um’lmg

R R B

Thees onerations avs sxphained i the following metim, The exghmution sesifies the reciniques rquired bo

ratiate the apermtion, the bty of P opatation, el the w3y to recmer te swilis,

il Huiﬁp-ﬂwtlun - ' .
‘The KEL1-A gun moultiply Lwo 1é-bit num s in T's m.-r-pl:-.m-mu bhiunr regrenalion to oy o 32-h1t [bwi
worrll], 2" cnpeplegneael pavadedct, 1"]1& 2's prpiplenaeng foprestartation can expuess tuinbets o the ranps #2% -1

o =255 wing 16 bite: the e :-;rglufu.-ﬂﬂi Bl Lx the abzn of the mumber. The mags of 32010 Bnobers m+25 -t
—_

The multlply operation computes ¢he product lJIi.'EIEI.H!fiJD!’ in the MO snd number io the X copister, Thc
- product yemalis py the AT and the MQ; the mor: dgnificint 16 bits uné in the AT and the Jes aignificant Hits

he in fhe M0k The mulfiphier (origimally in ihe MR 1z kosd,

The muultiphy opestion beging wher the andtipbvand s loaded inw ehe X mgigtar by trapsfecrag the numbes
Lo Rus Incalion TITH)G, Tae multiplier manst be in the M) ot that sine, The nesolt cqn]:u: retrered from el

AT 3t T MO Sen Sectivnns 23 Sk PEME 1 dmatinictions o g eyt mattiplicadion pad Section 24-for Ki114

titing infermnatius,

2.2.32: mqﬁa:{n

The !'i.l:'[ 1«-'1. Lan l:m:I:rtr ?'E*hrt Triman: nurnber |:1:-1 1 5 -:wwhmh# rrprcstnt:hm] by a H.v-t-n: h]l'.'lal'} umlhﬁ
{m T's complemant mpnwnﬂtumb HF e qm!lnt mant b sxprdssed oorrectly as e Frebil 2t complement ALY

© s, s quiiiend und g remiinder o mebuesd; 1!"!.}wqwbarm! mjaive s more- dmnifiennd bifs, s overflow indicator -

i wed, unie) s r\‘mni"lﬂl:l pecnlty L Eht:h’@-]:-. T wirdienit te ackj Lesizak bo vduws tHat coresponds to a lemnaindar
with the g dign as e orlglai Qvabanel; Tha ik, e dfiriom mmmmmum:ﬂ.e Wl e veminimdeT b ke
EOPET SR, 3t wilch time tha qmtbam. ha'i_ tha mrﬁ:-c-. o lie. .

A division eperation beging when 2 ﬁ!ﬂaﬁ:m Soaded infd 1|:-:at1-|:nu TTIF00, A Awidend it ﬂ[ﬂ&dj. e i HLE: AC
and MO mgna!::s.. Thz more aighificant ket of thn divideiwd & in the AC, the fes a.w.mﬂ;:.ml Takf i tth:.HE,! the
s bit of fhe dividenst is ACLS, 1 (he quotiond dose nal overibow, the KR1L-A amsernbiles ihe qmr::at i the
B} ant the fomasinder In de AC. T overflow oceur, it 3 shawn by tha Tatues of Stafus 'R,::piq.'tar Btled ane T
Sre Euctl.m A hrrJu'tlmhuil.m (53 Lﬂﬂnﬂtﬁ:ﬁ: tits apd on the 15, of PEP] | ms..mmvzrns 1y ferEradi 3 -dntvhm:a
ﬂpt-r:uuu "f-uanc-u 24 mu:ulus um.Lug iu.furma.t:.r.'rn . . .

Mi hf-h'rrmhmium )

e

'.ﬁﬂsmpi;:mnmhuur? anmbar-hcxpnm:dhyamtﬁmnﬂanmh:rﬂfmmdem If-*"h..ﬂ.lﬁl'l:BJE “witich .

Hthe most dpnifiumnt bit, iy Fdlowed by ity Biebe4oF T furm 'i-ﬂuu- Ahpie B3y dannk ermiftatnate o -this-siomifi--

. -‘Hﬂhwmnﬂudeﬂ'ﬂ'lrwmher. F'nrenuqniﬂu J:llhﬂnmﬁ&i ﬁm}ﬁﬁﬂﬁil FLLA R ﬂﬂ!ﬂﬂlhﬂllﬁﬂ smﬁrms

4 PO paper; 1|f':w-a1:-ar, the mext L hm ar-:n alsg. 0. T]‘u-s, ﬂmnwlm -:-f-@,nﬁﬁ:mu hits b the maq,n]md:m;
menw&uﬂmdu"adm E. ‘-‘umﬂarh ﬁ:-rﬂ;f.numhﬂ H lli 1D|. o6l 1ol I:IZI! t-‘rmt' m’c#nm&mﬂ»am I:utq

- E‘u-][-:-wmg'ehn d.[m bit, m-idm niamﬂn.d: :smrlw:d ta.§ i slgnificant, bH-s_

Fﬂmn nunhcra are r‘pl.\:s:nt:d in u Moating point ﬁ:rm!u‘r that vses 1R :}:J:'u.n“m und i fracdion, i is mipertant o
DFeseTvE a5 Ty shgriliy ml, bits @z pominl: i s H;L:er Thiz iy Aeaitd by mEEhm ﬂw froclion bits 1o e 1Eﬂ:

© ki th2 mmtxia:ﬂ‘nmt ].~11 ut the fraction i-iffereat 1rm11 he sign .bh-'am‘l ihE-rr 4mﬂ:i':t!rm mwmeut et

nﬁraa‘l:e;: lhﬂmmgam tha Tractien, .
I"H.'-"TE
_.-'I.:!hefrmlimlisﬂ'dﬂa] po-Khio IS, IF akes ay mmnfﬂ'-r
mreater wrlues, The thmhemlmdhymuqum-
kutmmrmmﬁm&;mmmﬁmmﬂwnmwmﬂn
- rqumrcd.

Tl poomatization .;:;nmfjm pw-_l'nrrqa'.ql Ty dhe K5 ) 14, dviitea DEE i bar 1ot unaf oue af He f-'_'ul.mn-'mg .
) codiekoms ig tye: '

2. The two meoed Gipnifican] bits are dilletenl,
B The twu most ggnificand Iots ate §s, wed £ othar bits dne G
. The dlifi coard eached v maxuanem of 3 {uccems i the starfiog voorbar i all Gul:

The tstiber of ehifts gerdormed 18 counted end refuraed o the Siep Cotter (S0, RHlﬁT[E this number of {he:
nopmabiee address returns a $5-bit, posithm Burmber Biai cun b soblmcted Foom an :mnnwl 1 otk the w11u=-
of the oDumbar.



. Al 3300 nmabers ane shown as o 16-bit Jnekees fo il
trie the contents of the individus] ropisters. Bach 16-tit
numiber is repreacnted by § ot dight.

Tl motenakivation osnerution heging when a dafa sronafer & msde to loction 779312, THe delg iranemitied &
grored, the 32-01 aumber o the AL ond MO regirters is pomalized, and e sesy iy 35600 crmh.ie aveduble.in
ehe SUC of theowgh thE ST |ma:.u:|n {.I"-'? 1 2. I‘ht 11::]'iu:uwu1; s}cmﬂ Mruﬂ_qatu:ril L:.mdituuﬂx T .:-..m._hTa

4 [the originsl nunaber was ald 15 Hhe resot) is 1480 O05HG0 LIJHIH witk = vahee of 30 in dee §0-

b ¥ fhe origioet namnber wae 1H]. 1100 GD0,, Bhe reacdd g |4 GE0-000 000; 20 the stop covineer

- oHsplave bneriess than the pastbor of 1 s 4a the maghitads fupb-comndieg fme o bith, These
speclol tarvndnations preveot the result from-being 105 GOS-0UEY (UMD, which cannres Be negated b
nenation prodwes the sarse number), .

& 1l Ibe oopinel numbes wes 0, the rasue is O with 31 & the 540

24 Lagical Shifts

“The fH11-A can shifta 3201 oanaber ket up tu 31 it ortighi Up bd 22 poditicns. AR ﬁ;.ﬂ::miuzﬂ i-:'s;n‘ﬁi't-.-nl:

bite that are vacared are b with O, ond the bit vhat is ahifHd oot of the n.epber is amed in bit 0 of the warms
register. Diurlng a left hift, the stagrs register teflecte overflow of Hie wlues m B O ol the 8B (the O Bif) and
AST1T differ; thin indicadcs that tee sTE kas corsed 2 number to chanee sige. Bi & of Hio 58 'ihl:r'i.'pé.ih:'; B 0

. the qumber: ic beg the samg vabuc 25 ACTS after ihe shifi. (For a deht shift, AT I logsbod wish Ox, [bus, de ro-
U canaupt he negative.) Stacus sagistar bitz als digluy e condents of the AC.and MG after 5 St of () piaces,

The direction of shifeing is mecitied iviplicitly by the su,g,n af the rsber Bailed Dnto ke SC. 'I“hl:t -ngL af tha S
s bt 05; afl moda lgnificmt bits (bile 06-17) are tgnored. I the 80 iy P, e number is shifted left, and
the SC Iz dacremanted onge for each shift until it reaches 3. If the S0k negalive, the number ks shifted sdght, and
e 30 i incrrmented (which decrecpenss the 2% mmpi:ml:n!‘ Depstive ropreseitation s Lalil the S0 n:n._"hﬂ.{l v
ever Tl inde,

Logical sifting hagins when fha S is foded 7t lacaiion 777115, The 3700 tumrber mst be i the AC and. MO

fegisriT before the ehlff beghee Bt 0 of the AL shifts into bt 15 of @i M6 aa H,ghr. :Iﬁfn, Mm 5 shifts iftto
ACOfor el ghifte,

The EELL-A can be used s0 Uit shorder numisers (8., dngle words), bot the cp;mﬂcmi propesties ouml he pre-
gorred b leanking the AC and MO sppropriately, Por 2 boft hift, the M0} I cheana (which ciznms the AC by gisn
extengion), ang the AC n.lna-;h::d with (e single wond 11} e a}H.ﬂl:l.‘] The rerult of chifting up @ 14 praces 5.4
ward in the AC, and bifs 0. & and 7 of the 8K are propedty sk, For o gl ghilt, he word is loaded into the MO,
the AC i3 cloarcd, anel the shifl is mitinle, The czoult is 3 word in tha MO, the © 16t (it © ol the 58 ) 5 s22 prog-
erly., arad Bt & and 7 of the SR (used toindisate mantive and merflaw contitios) are cloarad , as Dig wa. logins]
righl shidl,

223 Arithovetic Shift -

Eovgleal shifes replece the bit thet is vecatad with a 0; che elpn bt ds a0t prewseed. . The #5114 2180 provides s

ah it exparatpit that prosereas the gign bit. cxtendimg 18 darng Aghi Sifts and signalling iF pny sipnificant Gits ahe
Jozt during b=ft chifts

14

When locarson 77318 iy louteled with ide ST eyund, 3 32400 memieT io the AC and MO ropiters It shiffed as
Fru Loy

. .

. IF the 80 is ocgative (3005 08 a 1. the mombee & daifod elpnt, 0714 de st sl o the ggn it
LACLHT), amd: BRO0 |8 eog. tor thie previout coniskts of MOGD. The posvicads gondents nf SR A
lpat. The SCic deciomentod sl opessrtn 45 repeated af the 800 s pod G SBO6 (the & bit
displave the comients of A5 - aud ST is chaeed, . To suvmadee: the Sga iy exteoded, e Jast
Tir shifted cut s e dhe O bit (SRO0, aixd S awrnier is dilled asnane ploses lo The tighl e
designadod in tha ahifd coaunt. ) .

o Ifthe BC i pogicive, the svudabaer 1o AC (140000 ad 367 {15000 is shitted L=, MO iy clanped,
ACLF izand chiangad, and fhe  bit takes on e provicus value of ACT4 The M B0 rellsas ACTE,
and Bt overilow condition ks jadicated 0 AT 4 and ACIS differ. To summadze: the oumber js
shiflad] elt, fa sin iz preserved. Go ensr the low bitg of {he number. nud the ovoriow indication
by 50t iF any siphdficant Bl ove il oul Al fhe megister.

2.3 POEIT INSTRUCTIONS AND FHE KE]L]4

Tbe KELL-A in operated ip FDP-5 1 Systoms &y loeding and reading BF11-A registers, Teensiers nre apndurked
By wddresing dhe REC 1-A uzing any of the mamrociions vhat acocss bua becottonn, The tidsd cosrnion imsieocisn
ugad Tor thijs purpose is S maove (MOWY inglooction,

Disita tranafers invodyving the KB 1-A accar wheaever the arecesiol addregsas cetbidn Bes 1|:||..:.a.L'|¢.:1';-5. Maq‘i;_-:' uf thess
Lounricing 4iar provide impMicic operations in the EE11-4. The order-of the KETT-A afdbswessy, L;um@m.. 1o etk e
pa of {he P11 -J..Mn:mn:-;mud:: trreperets the KR LL-A of maximom m:td snd cifflclenay. .

The 1nu|ﬁplicat|mt aml ﬂix-lsimi hpmiiuns. whIth u e ms] upmnﬂs. nre the mest frequantly used cperutions

and the masdt crltlcal. The addross ERicmc iy dicvwn i Table -4 epalrlp VIFy {as) TN,

Table 24
KL B A AuBdreas Assipoemeg

Addem Cheuiinn Poghider
TrEEND Divide: Xe
Tira02 Mone af”
VITENG Hune [SLN]
TTIE Multigly A=
T Nofe : g
TTIEL Naae SR~
TTFALZ - Mornelizz E ac -
T4 Logical Shift - S
TTIAa Arthmetic Shift SC

* Tiwt A0 1z Forced 4 2 mpecific vales Far chast operelone.

3 S, A6 the hish hyis el thie woml ul ad-]"?ﬂ FAOEE R
e 3T i B B B,

r—

131 Mukigilention and Dirigion

The folbowdng exanple conkbudng o aquence 0f Beeractions @ perfoan 2 redriplication and e sequentes of isstroc-
thans to porforin 2 devislon, Fa the mutthplicetion emample. A & multiplicd by B 4o produce 2 too-word sesult that
ie rtored m O arnd fY, two arbitracy baa iocations. Regieter O ie used 3z so 2ddross [Jn:-:nt-::r, He: n::mten'ra nf rdglﬁt!r
O nfter 1l mutomlivetion are the same a3 the contenrs Sofiove i ipermtion, :
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e : The diveslon forms the quikiert and reaaindes wenslting from dividing fhe twa-ward vahse of ¥ and W (wiere V.
in ther leas sagidfacand Bali amd B is the mode ssenifican Todly by X,

The rizzudt ie plocait in dwe achitrury ba boca-

timns gt 1' and E; repigter {1 ip laft with ifs osiphaal eabe (poraling 1o fe WO mpi-tar}, and the pophenty of the SR

are ivaflable for chec kime. Gew Section 21,4 for an expladatica ol gpemlions nng the KES 1-A cogdition endey, .

. MULT:

mvD:
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by

MO - -

NV
MOV

MOV

TST

H'Ei"-‘
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{0y,

-fQ}
LIS

v,
W

3,

oy,

CER,
e

R

[yt
{0}

-.(u} N

o
~£Qi
e
I

PUT ABDRESS OF MO
JIN RECISTER O

FUT FIRST NUMBER-IN MG _
MULTTPLY 1Y SEOOND RUMDLER
‘{RANSFER. LOW ORDER PROFLGCT
TRANSFER HIGU ORDER FRODUCT

" RESELT RECISTHR 0

LAV LOW ORDER DIVIDEND
U}atii li'i(ﬂ" IEDER THYIDEND
DIVIGE

RESET ADDRESY

I RANSFER: n’ma.i‘mﬁa

i muﬂhm: -:mcrrm

Nﬂft thar for mﬂlﬂgilhdﬂﬂrl rl"ﬂ.‘-rertuhm .skmawn E0 be u aindls, wm'd I'DF.'- tied Foru indtruEoesare ot {mcdr:d

24 KELLA DIMING

KEL!-A opessthong are initiated by & det transfer from tho FDP-1 | Unflias, The aperstions coatinue mm:mnt
Wi sabedguidur FDP-TT afetitings, The suaxinum tive reqdred Tor 5 KB -4 openlinn is u]'l]_'rr\-:!-:.mnh}]} N
4.5 ps. TEHE 2-3 PME#IMHm Liming mlumlu.huﬂl. fot e five KE11-A operations.

: Ta,m is
_ EEN 1-A Opeeatih Timigg
ﬁi];lmﬁﬂn Timae \ Terarks

Muitiply - A it ' Mepihe '

Thvida 424 g Ne te it immediate everflow

Mowtrerl e Bt s Eawect diic d&p&uuﬂsan number of shalis required.
LE!ET.I:EJ. Slﬂﬁ . (1 38 Ik E‘thﬂt R b L] ﬂl:ghsmi'l. - Tmﬂl“ﬂ' of shifts rqqu.nd
Arithmetie Shitt O gy Exavk time depends nn_JtL-J!l_th:-I of shifis requsred,

After the KE11-A hesins an npergiin it dous oot r'l:s{.'f;:lnd to-Tiebhus T.m.ulﬂ‘nq'-wnzlr g ﬂ-[lﬂa‘-.'lhr‘rn is {:l;rml:r'lt:tc If
tha KE1 A :saud:am wWhile it i rth:ua:ns, ii{lj.lu:-ajulrn:apunnz uxitid tho crd of the opgeimg ci; this stops
i Vnibas D[.‘E'lattﬂl- Htrwvﬂr e menximann sbeday iz npproximetely 2 s, pecaimss the FOP-19 prodessor sl
fieai fetzh the cext ipretruction Erefite re-askbiewsing The- KH11A. lhmf.:ﬁ prupams fhat operaie the KFH -
dry ik have m-,m:m ari¥ explici d-a'l:l&‘u‘t‘tl him ﬁ:lrmmrpﬂtm -.'riI'Hl-e apention; the KE| I-A can ba To-

adiressad e Satedy. This 2 i overlag Js the only e mrurlhuuqn thmd e BE ] 1-4 mi.k'.#-aiﬂ' mi:hmn tn
 the ot imPh:niz.r :-:H:p:r.n:d by PLE-11 EI.I;IE‘I.I:'E'!E{:!-E. . . .
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_THEHRT OF. ﬁFEMﬂﬂH

This chuper dmeirihes K121 1-A thaary 5f operstion, A savbeur-of the faguirmients for multiplication uﬁ_--ﬂ::':r!atan
-l prosirtod, as well ag the glpodthna for thic fve KEL-A operations {zottigtdatain, divissns, nocmalietion, anl
“Hrithmetic and begieal sHiFHOgY; - fes Ageeidin O for 4 edew of the-vamzs of terms in matheshatical operations.
S WOTE -
. ﬂﬁ;;ﬂmmhpmhﬂﬂnt readers Wi Nt fo i:uliljrmﬁﬂ
stand e K1 1A midliplication and divisor skorith.
Readers whn are only interesied i the l:npdr.:ﬂuh of the K E11-A
are m L] Eh:phm 4 amd ¥, . .

ar E-!.HA.RY A DTEFLMHT T"IUTJ‘E'HTHH

The KE11- ﬂ mqwm ] mmmml ﬂulﬂmr. Ihatﬂpmw I'-f-rJn lhe E-E:ﬂ- nﬂd Eim hugnrl’::d:: of eaah nember in
binae digits. Tha sanplast ol o MoTatior that mears this epquiraimen & h:u.l:ﬂ fn the fﬂlll:l'n'!.l..:,ﬂ. PIOpETEY;

i nriber added o it awn fegaiii s-qmm zera, - Thia, -&ér!hu: e m-ﬂ'm‘:‘ of g g 1o uli;rﬂ:r nuienber & ﬂ':|-.-
wame 28 subirscting the mawber. The 2 nmpL:r.:mi of & nunther i crted Ty mmhmﬂ'lhug rm'ﬂ isTementing

the number. Adding o maaber and its negitive in 2's n:rnmhﬁm-rrl mitudicn H!'Mtj"E 'I;J'I.'IJIT]-Ili:n!* aflin {the oy tepme-.

eertation of the qusmtity Yinde l.'.equh'm:n!}

. NOTE :
s hinqpnrt:mmmhthuﬂ].ewmﬂm-ﬁm of 3

ber diffarz greathy from guaini ripmeecatod. Furnmipﬁa
Thr quarsiry -1 b rogueseutod i 2 ;mmﬂ:m:n't netadion 11}
LL3LT V1§ (in oight Fitsh, The gerontioy +1 Bis ik-tmnwt@u
Tt Fe e farioer of (0 DD0O0E,

. Exanpba .-"dea'ug +E ol = 1 widhds the Eu:li.ln.w:ng'.'- :

(X0 {000 UK = #1
+11331 i1 =-1 . -
106 OO0 000 = & {Tha boft most (eamyd blt & not @ sdgnlflcant
. b and Is fgoired.) '

Franiple 2 Addding +5 and - 3 yields the followfing:

O OO [OE = +5
il ik] HOf=-3
10HD DO Q) = 2 fLarry bt & not i.lgqiﬂ_::mL]

The nu1t.up%nql Gl ,F!'I-ILMH mmpllnul-nd by Hag I':PIM&T-LE:I". ,_1-[

A dJmJ!.aumgﬂ of M'a compiment nu:nhﬂmn i 'I:hl-l1 the reoreserLution of nnm]'rm: i5 1ﬁ11 ﬂﬁﬂnhr:-m‘:ll That &,
ol mers Begative number thag m—-m:w— nurnber fan lne xpre g, I Hlﬁ. the fagy |:'t1-ll'rl- poaitlve pumber TJl:'It
G B axpResaad i§ 2 - 1, Wer the maximmm negative mamber i~ 2™ {heciuse thoee i po negi Hve s},

Sk .\‘IU!‘.TII*HC.'L‘.“HIN

'l.{uh rrj:-c.rr'mnm mprut-eﬂ .uld-:r:m Mu‘rtqﬂrmg 3 t.lmm- 7 1A rdmp]:.' &ddm,: 7 r!u:r vimes. ilu'.w.t-:r T Limes d
n,.ruE}&r n:qum:s s auiilﬂrnh,thc KE4 L-A 1523 0 ah:xmul mhethind Lhut qu':m'e-l mly 16 upamtmv-e

In |_'.|.r'|t Bie; b R -0 :!Gt..-.muilllphuaﬁbr' uuﬂﬂ:}!i-:m The uniltiples are frmmed by mu‘mg Ea-:h oz 4

Bty umh&uhﬂm’fm{bhmqﬁﬂhﬂ Jrﬂrnn1htijﬁﬁuﬁ5:°3rhm?l1‘&lx {Frt i uiﬂ!ttd‘rhlabmmmnleﬂ il is

muuk,:m:[ By 2 il {_i};g_ m.: mmt.m i l:rmjmn d.l:-\'i‘u_in.{u I:m1h'°i.t!11aj' Eﬁs r:]un aui..n*mw wht’ﬂ:—. mulrm].hu of the
mﬂtqrh.ﬁuﬂmww m; ﬂu,ismdm.t - . . :

: numbetls araed i PRI ] Systerne.
MRl T u:aunp.miu&ul: etk m.ruw:-rb;: muteiplicd 1.'-} fhe m‘d:fmn ni’ ‘l‘ulhpkﬁ uitess & errroetson step o
adited at tise call: T avaid s step, the Egl..! Toh s’y mﬂ-ﬂu:rll that p:*:m-ih:. far ne gm'-"' numtﬂ'ﬁ end pEa-
duces the gune mesults ns e dchdition of pacts méthed far pmrr.lrc numtﬂ'a_ Thit mettiod s based o a differant

“breakdnwn af p h|‘||:|.'r!r fm b nty puuﬂm and um:h‘:-parfa

. in humary :m'ltl:-crs,' HOS J: Rﬂprﬁ:nﬁm dxeh E-mt. of A T‘:ul-m ‘murmber s the difference MIW& that belt

and el nexd Host sigkifloss, Bil produces 1 stoilig of siernsting positve i negativo powers of Twp.
For gianle: . . . _

- LEOLD 11 = 1DOSHDH - 1mmuﬂu ¢ TOOMMMNT -~ O
U AGB000 - 10000 + F!IHZI OO+ B0 A0 410 -}
-=Jmﬁ3uum 1mﬂ:runnlrrﬁ'ha-rtnmf1m1 1

Mujnpl:.qn; i_muT‘l.‘h:-h-l;nﬁﬁhy ::-..,L'h of b rln:u!mm tha ]a::f. umi: m.umug’ml: gigma) aad then pdding rhe

prodset uI‘:J'ue mu.‘enphmnmm auitalaur 0 mddiphing fhe dhosen maeltipticand by e driginad masbod
[LLG4GEE]). This canbe done by ghifting-the Tnnih'-rﬂl-u:td Tefi st M{hrﬂ ur mhtmutl.ng at gneh position that
correspanis ko nrie-af the pumbensin the wetis:,

The seelee of alleTnoting uulrl‘h'-lu unsd negalive powers n-ﬁwﬂ- i Elﬂl'dh- pstiarated b-emmr

@ Fatd pair ol ::m.':arq af 2, pae prsitme snd & vamlhlcr n:m’lm representl 4 string of le, The nuﬂh'.r:
mumber s one digll highes than the rtm*.:mlfm.ﬂ’r 1 in the plong, and She-pesabvre gymeber ks in 1he
warne fosttian a2 the lewet dpalficant 1 in the stiog. '



For examtple. in tha gwmber 100000 b

TNOOO0KR0 - 1000050 = 1 EINK0E
1000 = 10000 = D00 T
100050 1 = G0 1]
FHILOEE ]

gerings of U5 oee soparzied by fidegs of s, ol stinn is one ar oeshe 350l ong,
Forexample, in the rember LLOL0113:
- 100400 4 T = 0 X 2
~00EE I = g ¥ 2R
Fratan

Thuws, cacl kring of 15 can berepliced by 2 striog of Os with a- 1 L the keagl siemilicant phoe,
aund cach gteiog ef O can De rephivis] by Dz with a+1 In che sast slotifcant ploce.,

For earnple, the digils in the Nll'l'ibtn Hl}lﬂl [t oo bo repiacerl as folbos:

Orginalbigt: 1 1 6 1 0 & b 1.
Enph::tm-m n -1 41 -1+ 4 Q -1

. I‘h-rc:tm IE, o any blt o Lbe :m,...l.aplq-r. m:pr:l.mj I:L'ﬂ mlﬂmnt, 'nh‘ & the e, the mel-

tigiizand is not sdded Lo she pustial rr[udu:! [ar it is multipied by G aad 4 i o0ded i the prodact ).

©1F the previons Bt isa b uml Dhe coreant it is o 0, the multiplicsnd is added; 1 Hee previous bit ig 0

ard the cairent Meis 1, Ure madtiphend iz substmioted Cegared and addendl. Vo eogh ceee (Be mol-
tipiizaad is slifed (with nepecl b he product) before the uﬂ-‘]]tlnn hecause the nmber adided to the

* prdusl is actualty @ power of tan times Lhe Tnu.’lurnu'unu

_Fov example, to muliply & he 1106101 11, the mrin of the Trahects :.-f}‘- tiees coch mp]wr-_tm
digir, times the appropriete powce of 2, is the prodact . foflgwg;

AR =M AR R 2 -1 4T X -1
1P H0RZ* 0 X3 -1 5 27

33 DIVISION

[hyizion ir repeatad subdraction. Division is cnore gemplicnied than muliiplizution for twa RS,

a.

B

Fie product of tero mtcgees B abwayy dh dnksker: Thequoisend of Lo ivieyers is el an j_rm-gm
Division groducds tea fesulis, aquitierd and o nenpidze, e imteraci, The cornt quorint &
depradent on 4 cormect remaider.

The et vadu thid nesulis from the muftiplication of tso oranbers can beno g thin
the siyuar= ol the magimum manker. Howerer, the maximion valee that s=o rescll fiom a didsichr

In fimide, Becsuer dhe divisor can be et sralor than the dbddend, Soeme qubiiedis canabt e

suprestest in the aumter of bits zvailsble In the plivdbast mepiegantscéom aud are congidered to hove
onerflomned.

Tl gusitbent di o devision is rhe mmber uf +imes that the diviser can be gubteseted from Lhe dly idensl wilkoud
painen beyond O (zhanglng dend. The reawdt e be Sotetmined by wonobing subtozetone unti? the ranalnder doeg
o beryond § dwhich prodaces & conditlon called wnderfTew), then feducing the ot e one; 'I."h-r"rrm..md»r
CIust At b2 cortecded Dy hestaring (e vaiue ol ome subitaction.

32

Faslier than do as many as 2% sbtractions, S KE11-A ves a shor-cet method similar to thar uesd in
mueliipticet®sn, The reenlin of dividing by meltpies of the davizsoe, wheis ach moalliple is 8 powsr of teo tiose
the divlaor, cae e comiliined o Goqg $he qootieml.

Thia divisicn srocedurs pparater Ty sithreacings 3 Taree mustsple (227 of the divisor from the dkidend. Ef the
renniinder dnes wot g0 Beyond O (there Ik no wadarfion), the next smalter poweralton multiple of thé diviser
is yullmucted], For each sucessaful subtraceEoa, fo quotient Is fuotased by e S "mlH:l]:!IE 1ih same pq'w::'
of Twal ax the nelliple uf’ the divisnr need in the subtactlor.

If 5 suberaction canses anderflow, laoweyat, tha cotrsponding guotient hit i cleared (the srtespondieg power
of tap isnot added 1o the quetssiep,. Howswet, sither than mesturing e previones valos of the dovidcnd. the
EEI1-A pow approaches the comrced consaloder frool e opposite dmection, Suceemively amaller ronitiples of the
Wliygsar geg.aidided to the pmeioder Cinssesd of subtracting) wotl] the romader agsir aaderfiow s, this TesloTitg
tes empinab-ggn, Whet dha K114 is adding. instesd of subdroctiog, the corrceponding quotiont bits gre =) only
I the sizn of the vesmnder nerwemg fo is ariinad salge; 38 che remaginder doos nod chanes ALEG. the Qusrthent T iy
aitod

v exampie, dividing 17 {21540y & vielde & gaodient of 3 5:_;-.1_11&113.“1_;1&_- af 2 ag folleaws:

1. Bubirect ..-7:'1"1'-55!.“ X7 fiom e Prividend,
00 QLG 0L = 11,
LUl Op= 53 2% = 304
HNINCH] ) -

The partial evmaieder bas the wroas sigm {l-Jtltla;'rﬂ"l;.l'A' p—Y
2 AN T o the uactient = 0, -
30 Add Divhese X 2%t tite partiad eriaimsdet,

11 100 ods )
GEDI0EOG=5 K 2% = 2,
11 [Fi 13
e partin] reweaindsr boa (e woeng sig (oo widerilow.
. Add D F. 2 g ljuz: |._|J.I:-;.1IJ'r.n1 = l;r.
5. ddd Biviror 2 2 tathe _|:13.1'IZ1=EI mmalm.‘ra:r

1 BT EOd
G001 0L0=5% 2 =12,
M3 00 1L
The pertial reeeaindor has the fght sign (underflow nooumed).
B Add 1% T we the quotient = 2.
T Suodtract Divsor X217 from the pactial reowainder.
Ok CHOLY L '
11 61 i=-5K M=_5

R T EAIN
Flhiw vernuliteler Ty 5.11-5'-'ig]|r sigT: nre ie 2 fmoormdlecfiomw).

iy

e e T T TR P T

S Tl T
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a _.m-i_u'._r‘_tnrluqﬁmhnt=;. _ I

_ lhls pm-.nrlln‘-u weirks for pamitirs ot negsiive nmrh.rs Lwrw}&m.i Bt me th:lﬂhu;[ ujl..']. Aivistr v the same sigr.

lhwwn ¥ the signa ﬂﬂ'l'ﬁﬂﬁﬁf‘h' :I-I-Trnr'n:. :ﬂﬂ:-l-ra.namg nvubaplea of the rli'rdp:-m Arivax the nsluillau;]r«r away trom
., I‘Hmﬁ:mm KE11-A nddibs mwdtiles Gf't?ht divinos 1ot 1he tempinder :Lndm]nl- sdat which PRIIT, & Jue-
tiemt it histil mldﬂhl:-'n. wuhrm-.ts urdf e emaineder mﬂm:tﬁ :rugjﬂsj gigit.

Thie pm-:::!dm Cin har.d];n any el |:3.E[m1,4:-!' htrld:f nmi:h.'rs Iﬂ:m!b:aﬁ of sa. ]'mpn:,l.nmsra v -ni‘ Che TR
celpe iy sigfified by {He ful‘m'nrrg conelderatians:

2 I the sigms of the -:ihd:m srui e dividond it oviginaily i sse, the KF A subtacts posl they
sister fhecnuse the siun of he hemiEraler R, tmn gads util they are e garmd, TE.Chw. signy
are mrl:g.ilmJ} -:Ifﬁmn- Mae #E L ]-4 -nh‘{ismﬁl aﬁw n tla-.: same, Hien ghbiracts unli Hey d:EE::r

. TheteEore, FE'FJ-B:H': aparation, ﬂh hi.-1 [ l,-ﬁmpqtqs ihe !ume cﬁf‘tht Teimaider arkd q,H-Inm 1 Li]l:'_.r
differ, the KE11-4 s Py viser, ahF:Ihzd kir EOTED ht:pmi;m m.u]tlph: uanw-rr ﬂi' (w1 H‘u-m. ﬂue
"dwﬂmj,h‘ih:-ﬂgnnmﬁumhﬁ.ﬂﬂrﬁﬂihﬁ:mbuam s

L A mium:ui T:nt iz st if she sign of the re:mﬂﬂdn- mmlnﬁ The snins n‘:l:-.-.r a suht nrr|q|n m-d;mmg:g
. offeran eddition; the suntiont bit ig mil The dgnrham-,a!hru mhtm-:lm oF r-::na.mu e
RTi® Wﬂ'u mﬂ-:ﬁth

d -’ erAImp i5 o if the ganeof ﬂle?cuualg_ltlwa ud elavigon ape me sqlm,,!,uﬂ an addition E-ED.I‘!I:
i fhe s are diffecent. A Shaped sl after g sddivian s Bk 1 s sijfnis e mew the Hme,
ﬂ'ﬁﬂbm:}mmaﬁursaibtra-::tmﬂa!m-n-mu{maigmamm&qmﬁ-f i Lo _
e Tharefare, nlber ':-ﬁl.‘.h operation, the oH rEnpmﬂm it uf tl‘.u:h qmtﬁ:ﬂtlﬁ nﬁt iF "41:: Rl art The sume
. o clesged i the signs differ. . } }

3.4 kLGﬂ!H‘HHEEW KE11-A DEERATIONS

. Fhuras 3-1 *H'rm:ﬁl} 3 ¢-:{1|-Lal:rm ths h:qmmﬂﬁ;tmﬂnam Fuz !L“I.'llt'l‘?].lq‘l."ﬂ,!'h. chmgm ‘e st "ﬁm!t- Thwe

E!'mmn':?hnﬂu e Mpﬂﬂtﬂ'@.ﬂw of the dndud t g vack aa:]::ﬂhﬁma thiﬁr & mbiled The
KE11-4 ﬂiﬂ ta. e hﬂu-rlﬂﬁmm.l ::splu.hai.hmli- !hrh Tm}i-. abnat e wdmﬂpthdmnf'm a0 urhmrbqw!n:-
mm‘ra ’

Bfl'luif gach e a'J"_uﬂ Tn 4 H:nrnl Sine: Boagicad uh:u:mt Farbitley m.-.r:m-:f for fhe nq:mtrqnn Hipitrated. For im:h
ogister tiar 1 npekatd ot ag dath {a:'lﬂ»:ni bubthicted, ot fdufmd}. f $u|.‘.|n:3:_-_|'lf m:m.u:mn i to d-.,.p.::.‘H’:-t i

\udun.! l‘ﬂli o bit strings {»a,g.. MR, 1: lha {1 it of The muﬂlﬁ'ﬁuﬂl E‘.rﬁimm thatane i 48 o itrak or h‘lﬂmh}rg
el slEmeted by a sulfix 0., SBE & bit t?ﬁﬂ'tﬁb Btanm HBEFIFT}L Camments and rxplanatory mt‘mmﬂun &
ovided in ph-!rruﬂ'u:ﬂ : . .

TH’I;F:IHHI: n_i_wm_kﬂum s [ eatch alporithm: - replpamment {gembalizat by« befd aome <0 sod comparkor
{spmbolised by the canale don =) The rephrovinent opemtion sabstitnes the vidie of the sxpression to e right
of the lefl wrow For the vvidble to the loft of the aituw, Somparison does mat madify the valie of gither operand,
bt ety vabne: of s I the operads 28 aqugd or fale if they sre Dot equel The arfibtnetic opamptord [+, -
*, i [y anp iptetpreted nopmelly. . The exact Interpmemtion i oftert degeribed in o comment. A .ciroiad plus g

Rymabobtzes the sxclusve R Togical operation. Each Mose chart boxins with & s¢t of Inltlalercor opem ons: 2.

LOAD oporation & & raplecement opesation w;hm thae-fiew Value o & vplabbe js aminp bo thel algoritho und s
ot necearat(ly apdclilad expllciiey.

340 Bask Shifi Opirntion

o tmpio sl nmmamiam a4 pdn:a.m apfsian indhe eeqivnces for 37 otber gper lisns, . The repister that .
i baimg shifted ju trepted 1z o soquense of Bita, cach shifted wmamtely. The f‘nEnwmg; ilmuri'pmﬂ iMtustrstes he
. I'E-uruumfa t-uam-L shilt;

. b genpral, the bn at ipﬂﬁnﬂu boreation iy rephiced by inother bit Etu!-t H‘;sh.l.t-m:]‘ Inté ﬂu.ai bt lon,
Mo Bt of informiatian iz mwm.fmm i core. Temadil e, .

f Dhae & i shilted -nut :IHﬁ.g: m;gi{:m urd s lm,'::.

r EIm: h1| Y w:-.-lenL ﬂ.u: lmzhml mulmiu of Hral hr‘l ure dittcd to the maxd h'T ami |H_'.I-:[q:|h|::g the
previos hit,

o T}H' ¥ o ik :ﬂ the 2ad Im.'ur:fwhmh 1;]131.&1:.; R :»idl'l-:nd aadl tha bu-m,mdﬁ it t]ﬂ..ﬂ:d sway frow:
L it g b ahafl;.ii'ﬁ'ﬂ pnﬁmmm numaa it amm@ atider TrAp Gt bl

3’-.4.:. !-i'ui'ripliﬂﬂn'u

- Tare mrhlpﬂmlm uhnﬁm&mmm Smrtum 73 ‘.fr‘rtlamtmm-:i b Figems 3.1, I‘I:w B l:lpﬂfaﬂﬂh a mp comE
- !::urfEf} a-.lutc i &Mﬁimbi.tmiwfm: uanI tc-umﬁu.:a B YT ﬁl.al E-.!l.!‘m fl.:rslrﬂud. pmdlﬁ.d_,

" The s ul'tlﬁi'..-&zh:-ﬁ 1::::11';'&4:: of & t.'!"a ﬂ:—:'t-:rg‘.la A kn:l]:u, whp*e.H{s ﬂ'l:-;: reraber of bids i in the quilll',rrrl_'p:[ ﬂ'ﬂ“ﬂ,a '

empchy myvie, o Biferen: bit of the muhmﬂu & exmrpered wilk 4he pacrians (et lest skgnficenl) BiE, aid one o
e apcrabiops & done: Thie comparison & dona I sing the jrevions B in g setus bit, O and shiiftig the )
madltiplicr right sfter sach cvele E»-c:-mﬂn: bit 0 the few curene bit wad o e t!m ol currenf Bit #he new con-
ks af . . ’

Aftet gn oparation, which fs eifer i ditod: 2 fubtvaction of no cango, the inuiiplitand s ghified ¥t _
(rbaplyiag it by 1), skd the eyoke isrpnted. The udderfaubitrdetor that it ased s enly M bits wide, bacauss
e moxinam pater -ﬁ'ﬂm:ﬂ’:u:ant bits in i mnﬂlmhﬁ.hﬁ N {70 remsinng NV bt wrc cither oxtoindod s
or bos brider O, wnd do not Tequin sddifon to atfect the glem,) The & bits of the sum that o combined wirh A
bits of the orsleipileatst differ for éach cyrebe; in effest tie adder I ified teft ahoma the wo soplbers.

The u.’attri:hm &lee 1instrates the h][-:wr'uan ﬁui.ntsi L
& Omthe Siest ml:']: s 0 and -:.tr:l.g.' & aummn:im nE RO g]um,p:r.- l:lpn::aﬂ'ﬂm b3 possihie.
B, The naraber ﬂfﬂsﬂiﬂiﬂhl b.l‘ﬁ-’rﬂ the ploh friereusss by ome E:l:ﬁa'.«u:rlaum‘_l fm' sach orele,

o The aumber of pits fn the mni:h:-lhr thit b mok been cxamised s by one for epch ook,

"The e chigt in Figure 3-1 s actompanded By an aignedimn that descolbes the geigubiece of omentliems 2nd by An
exampabs thet 1llusrrates the enodetts of the repisters at ¢he compiefion of sertnin sfepe. The oumbec i ﬂue S
clumn of theexample corrsponds 1o & aumber in the Srop cofuma of the algoricm,
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Figure 1 Multiply Alporithin Flowehar

3.4.2.1 Multply -Algurithm - The sguence of apererims js as felowa

d=d

Step

-5

LI

LN

AcHon

Llear he sum aod the previows bit hﬁimtr.lr G0, Rl ihe muduiplier amel she ool
*'ptu:.-rmi and lead N into the SC.

If the cuerent bir O of the neultiplier is equel 4o O, o to Siep &,
If hit O of the oudfiplier ie 1, peie Siep 5,

Add the multiplicand to i zom. Ge o Sieg &

Subteacs the multipdisrmd toom the s

Shift the mvliiplicamd st 3Rl the mwitpler dabil; the odd tH9e 0 shifes do O
Decrenizat the SC.

TE the 5C 1s not O, wo to Bt=p 1,

3422 Molipheaiion Eximple  The lolbrwdnig Slsts the vontents of the indicated tegistees lar the cxampls:

A firnes 3 aguak= 13 (17,

ME €MD Cmem T sE o swp
0iH | 0. OpO00G - DG 4 oy
011 il CHIHITEH 1111011 4 5
1 SDopinle 11111611 3 &
L) 1 CHIGE (V163 1111611 S 2
(R 1 D0 BLa 11111401 > #
KX 1 OO . 00Re11L 2 4
0 0o 00 T4 0406 T H g &
0N ¢ (04 4 (e (G LL L § 2
000 o 01060 N CTANRE U &
) 5] 00N - 7 aG0I1lt a 7
143 Dividon - )

Thie ebleindins ilpcesitlon n:l.::mu.ﬂ;;zd en Bertion 3.3 ie dhwsirafod by Figume 31 The -'IiEUI.'-Ii-tW.I can a2 dbiced iot
CoaLy pasis!

o Thegdivisien orelns

B The fiest averdow check

. The remainder ommsdion

W TR saashd el deck.

3431 Divicion Cvcle - Divigion procseds dhmoagh b crcles, dividing 8 28V-hil muoober by an M-t numler Lo
each cycke, the sigs of The bao eporands are contpered, and 2 Bit in the -11'-.rdir.nr i5 5t if the sighs ane squal. This
Tk represents e deale of the pronsns oyck ot opembion and dwfermaies whatkes ap addltion or sufMraction i
done in the preseat cyele. Before fthe aldition or suhiractinon, the divisorie divided by 2 by dhifling right und ¢
lamiing the =gn, and-ihe gquetishl s shiflad vghe oo Incorposste the resule ob tlae et opeadion.

The diviwn i3 shizfred cpbd tefore the first additiom ar subsractinn. Thi sotlon careccta for the fact thot he dnd-

dend ¢ be & aunbey io the range from - § o 27, bat 1he dvlor can aaky be in the rangs fram 29 1 g 37

ench cycle n,l,'thr dmﬂr_m idds o7 subleauis |:||I |t|.p'I|. af tli dl‘l-'lm.[ for the firet L.‘!.'“ Ic. U1l: Arsllipde med 1!:- i

half the maximam uacnber, ok a1 This Ea-;:.. requires the divisnr 10 br ane sl b che Tluht Lurnpclﬂl-l Lo e

dividend, becuise if the divisge ks o the befe Bal -:nET_.bL:lrl:m._!t_:'r i iz Tolkwesd by 16 200y hﬁl’l‘ﬂ[llfﬁ}.mﬂlﬂ_:pl‘ﬂl'll"
il by 7% ' '

‘Iz dtisision algorihm reguires ooy o 16-bil adder, bucauss onky 16 0 of the divisor gte significemi, The re-

maining bits arc cxtended Sen ot Tow ordét (s, which o not poed fobe ndded or aiblried i aesbine i

wilk the disidend, En each cyole, the adder/sublretes i need on u Siffereni wel of bt one pleed o the right”
from the previoy opeeation, I effect, the wdder I shiftrd one plice fo the vghi each cede. )

3.4.3.2 Overflow Detection - IF the dividend s peester than the diviser muliphed By the masimuni c:t_p'.tia'b]c
nnnhez, the el of the divigie i alse gremer than the aaxinunt expressible namber. Thiecondilion i3 calied
averfldw. The FFI 1A mekes feea trecles Tor dwarflow during a dhvision; one check during the Ger cvele and o
atver the tesmaint=r correctio, ) ’ :

4=y

P

i
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Overflow can take one of fon Forms, 15 (e correct sesud? i botaeea 22 ang 22°F (1% compherient rumbers wn
ARl g mss nmbees up to 20, the overflow creates 8 Tumber with ihe incomect sign, bul expresdilke la 277
bits. This & reudity delgclable gliar the divldoa. I the covrect ceanlt 5: groster than 27, bovewer, the & Teas! mie-
rificionl hits iy fave oy salwes aod the oumbsr may appeie 97 bive the cosmect sign wlien the divisioa i cons-

pletsd.

Terdetect sk tesulls, the KET1-A asesy teat after the firet gyche of the divission 10 the dhedand ix targer than
M tirees the divisor, the g of the vemainder sfier the Bt dyele is toormeer. Tierefoze. i the adgn of the disg-
dend dorz not changr after the first oy ole, an nverllne: condiliom i3 jHeesnal.

The first overfow <hevk cornpares the dividod to the diviser fimes 287, hat the masimum expresabk number
B 1], The second ceeddow check iz prowided (o7 the remaindag paglble carcs of owesfow, '

14313 Demainder Coreoction — The KF]1-4 requires thab (he peridoder Bilve The @me agh 5s the oeipined
dividend. A remainder of 9 is acceptable [or edthersign,  Aflee WV cyeles of aporation, the divisor hae bren mhifted
o pimes, Bt the quetiesn hing ondy haen shifed M- 1 tioes (plus cno shilft befors the gq:m:rul:il:m of aoy quoliznl
hits). 1 The fimat eyele of rhe Qivision reaalted in 8 ronsingor of the correet sign, he Jusl gl ient bid dsa 1, and
uyingle shift eyvele i required o coarpleoe the quoticnn.

¥f ehc final division oy oz prodneed o remnrindet with the wiiong sgn, of one thee can be redwsed to 9 oy one mare
opeeztion, the final quetkent bt is o 0, steordimg 10 e criteria io Seatkn 3.3, Hewevor. the reat of the guotienl
may he imerrrec] gl Tnuast he carrected by adding tha bt realtins from 2 final aédilion or sekloecen ap=rulicir
0 the quatient hefore the fined O i chifted.

1.4.14 Division Replier Stroctrre — The strivture of the Tegisters gl in e divisionr shineition reveaks the
Faflowing facts:

¢.  The divisor repigter never contains moge than v gigniticant bits: =l othors are either exteaded g
of Jow order Oe.

B The numbes of gpnifivant iy io the dividend decreasas by ar least oue aach oy,
¢, Fhe mmbes of hifs m Lhe gueobenk ileredses by e cach cirale..
The o chuff in Figure 31 & actonpainied by an alrorithng thet describes the repzFions ke during g o visdon.

At exzmple is presented that ilngtrates the contents af the fagisters affer selectad st Tl nwnber in the Stepr
codumn of the examiple refers 10 the number of & arep i He ocoompany g @quencs.

3435 Diviibon Akporithim — The sequence of aperalion: iy a5 follows
Elep Action

i fand the Sivideisd, sad load ﬂllc divisor inio the gpper hali of {he divias n::g:fgm_
Set fha 50 oo W, and eet SICH to the value of the g of the Jivideml.

It Hie sig of Lhe dindend and the slgn of the divisor soe egual, go 1o Step 4

Sef € Low i, Goto Step §,

BetCtoa 1.

L7 I R T ]

Dviside shus divisor by two b chifting right and extendiog the gign, Shilt the gao-
dent keft, shifting C ot bil O

a I tar 0 of the quokient 54 1. g0 to 5t=p K,
feombimued o nesd page

Step Agbion
7 Ade the divisor b the stividetd. Go to Sep 9.
i Subtract thy divisor froen (he dfividend.
y If this i che §iEl oyiie sl Hee sbivideasd oot O and the divigznd hes changsd sign,
el hag eoesmed pad the diwviron slops.
1] Ieererment the 2 I the 36 is not &) 20 b Step
11 1 the dividend & 0, 20 10 Stop b4
12 7 1he abiwsor can ke armidasd with the dividznd o mesuth in 4, a0 to Sep 15
13 1f the sien @l the temamles Ghividead) & po# che 2ame o3 th- gign of the otigin
dirsdend. go i Slep 15, .
14 Set Ot 1, und ghift o Jelk, shiftice O nto Wt & Go to Step 15,
15 It the sene of dhe divkbzmd ol the divigar soc the 2o, 20 to Step 17
1h Add she diviaor to fhe dividend aod a2t Cta L. Go to Step 18,
17 Sirbteact the divisnr From cha dividend and set Cto 4L
31 Ade O o {1, Been cboac 7 ared dhift & wo fhe leit,
ko IV the siprs of the oripimal dividerd aned fhe diviesr ate the mne and the guaotlent

is positive, or the gipna ard different snd the guotient i negatbve, the resuls ia comvect.
rtherwle: averflom has oaoonrmed., -

3.4.3.6 Divigion Exsmple — The following lists the cofibents of the inclicatad reglscae for the cxample:
17 0201, 0 divided by 5 wields @ quoticut of 3 and a remsinder of 2.

DD DR Q c sC Stap
DO0L0003 © DI050000 g 0 4 L
T 0 G0ieI0GT - 0001 ] 4 5
1110140] D0 DI BoG ] 3 10
1M1a1001 B0080100 DO D 3 g
11111 40L DUOED TG 01 0 2 12
RRRRRLHT EIEL o100 D 2
OOXKME E I 0100 0 1 10
QOO LT 000001 3] 1003 3 1 5
RN D Q000101 (0 ] o 10
GO0 LD B0 0 Dii ¥ ! 0 14
GOG00L 0 Q0000103 LK ] o I

344 Shift Opesationz

Figures 3-3 through 3-5 illustate the shoe tvnea of shift opoeations donc by the XK1 1-A. Each fipare & setl
expfamilory. Rafer b the appeapriate sections in Chupter 2 for o descriptéion of the properties of ench shist,
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CHAPTER 4
GENERAL HARDWARE DESCRIPTION

This chapror explalag e implemaentacion of KT 14 opemrtions on o Ganclioma! Ewl. The algorithmy wed in
the implemaontation are presented in Chepler 3, urik ke eiaibed logie descriptions Is included with the KR1)-a
print et in Chapler 5. This clapilat gesoibas the KEEi-A logic on & hloc dispram el fiee Dnee_
D-BD-KE11-4-BD). The opoeations that uss this logie ssrochme are presentsd in dwo Forms:

4 Flaw chads of the datz opamilions are given (o the muktiply and divlde operacicns,

b, Wavalorma of the rootat dpwals wdthin the ¥E1 3-A are shown For all five KE1 1A ogesations.

Hee Appendix O for the narmes of Bems Inossathematical oparations.

4.1 BLOCK IRAGEAM IMSCOSSION

The Gk dizgeam ot Drawing D-BD-EE | 1-A-BT showe the KT E-4 1o be divided pricnarly into five repgiutars
{throe for data snd reo for controb); the dztd mamipdution und gnding aseccdabsi wilh the thees data repiters;
and two major coatrol biocks, The Clissk aned States Conlmil decondes Linibus addnesas ro dedorinlae ‘tl'l-.: tzguired
operation umd sebects the resesscy infefnad opetaticon. The Register Coptral provides costrel sipnals to manipu-
[ale the iz,

The B 1-A Fersiwmatls cornprises Five modulas:

Register Control ond Chack and Siates are 2ach a separate medide.

b, The registers, dars snaripuladinn logle, snd dita paths ae oa tee idantical medislen, whichk cach
provide xll the logh Tor # hits of each i6-hit sogister. Conumunication biwoen the modukes is
froveded for curas in the adder, slifts de the segistere, sod socmon eofntrof aigneles,

A third conteal wesdudes 12 waed for ga.tlr&j: of date between the K1 1-A srd the Unibne, This
sioduds dle cantadias the Step Couwntar and 3tatus Remstere.

I additing to the AC, M0, amd X seyisters, the dats pathia modoles include an sdder atid goad sno shafs gating,
Theae daty pulhe ame wowh uo Figere 4-1, a bitsflce bbock dizgram that chowa all logiv ard cgurtrol sigoids for
ane bit of cach registor and the cecccaponding dafs paths, AL inmads to the AL register ore theough the adder;
far loadlng or shifting, the second adder inpwl is disobled and date pagees Mernugh the stder pmnadified. Tae
W) has sopoeate shift ard boad goates but con be Jonded from the addes for the emadnder correctbon sreg ina
division opermtion {thiz step aserts the BEXTEM slanaty, The X reglster s smtec: It a loaded dicecthy foom the bus
receivers, The comients of the X peeizéer can be gared to the adder n edther o true or complemented femm; the
i haps o carmy dopod i Uee Jeast sieniffcant bit, whicl cen be ased with the complsmented inpst Lo form the
My coeplement negation of the X date

Ali connoctions for cormes and shafiing wme suppslied 10 the input garine 1o such negisler, Forexaonple, duting a
Yot chift. eaoh AC Bii s Jowdesd Tromn the noxr less lpnifivant bt AC Bl i londed insn MO &E 32, Thuring a
right shift, MO bit 13 & loaded from AU Bil O,

47 QPERATION CY¥CLES

This seetion details the e operations thet (he KE11-A pecforos ss s @quence of dain fransfomnations, The
COVEIAE: 36 00 & rogisieT transker Jevel; dita s muuved from a voplates, throuph the dada paths, to another for the
sume pegigter)h, Dt con b moslifiod by sdditions or ghifting during the muve, Dats trasforoed from the X mogls-
et opn T repnded beloee the sddition. Each discwssion mefers ke the KET1-A saseforme on Dwg.
IFTD-KE11-4-%F. Lt addition. the muliipty and divide cperations are Qhsiraied by Aow charts in Fewees 42
and 4-1 sespectively,

.20 Madtiplication

Figire 4-2 & & flow charl of the molbpéicalion sgocedats wied in the KE41-A. Compaes this ow chart to Figooe
F1, which Qhedates the alporiihim that i ophanented in the EEF]-A

The implemertotion & simmbified Wy thking aivantages of several features of the alporithm [refer to Sevtion 3.4.5)
tos resbite The dia of the sepitats neaded. 1o the BEL -4, cach register 1a 16 Bits In leegih, T the molbpiisetion
rrinluces g 32-hit prodeet. The multipfcand, whicd nzver requires thews than §6 sighiflcant B, isheld ina

slatk mpsler whils the misliiplier el proZuct wree shifzesf, Tads fostare permlis the wie of a stardc b.d-th:r,l’mti tracIes.
The mulkiphier and the product tregds bits, 25 the produect Iuemeeses by one dgaificand bit and 1 oultipber de
cesasts By ane bit foe vachk opobs: of aporatlon.

The sien of the product i exieoded eoch ligne i1 & whilhst Hpht, This glon exiension muxt be eodified iF cwe ol
tipkieond is the moximum oegakive oumber (-2 ). When s hember iy sebboected feon a rece partank predss,
EBre wermi g pemefl 15 proadpcid, becaage the pegathen of the mavimen sepative number dess pof prodiee a positive
murnde {the negative of e aeasdn ot sopatihve nunaber is thet namber its=it). That i, e emdl of mbbmagiimg
=M% angd then shifting dhould be 2%, not -{2% +29% I this insthnee, the sen is ot exlended, and o & s shifted
into ACES

Eeawisg T TTHEE 1 1-A-TF (Sheel 1) okt mites U waveforma of the KE 1 L-A4 conteol siganis thad ePect progeam-
wiible KE1 -A opsrateors in oy of the lwsic dats ooerntiona (addition, subtuction, sod shiftingh, The hasic
tianing of the mtiply operatian is provided by the CER AC i £1.K MO fenls. These sharals are dovea by a
hasic timing signak, BEG CLK ¥, dhet prmjde.a',- i lses a0 3 2af) 15 period (1’4 the baele clock mic).
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Fagere 41 KE11-A Bir-Glies Diagrany

The datz paths pestorm ahifdop of datn Befors sdtition; thevelfore. the firsi ovele performe un additien with the
sifl gating Lurned T, The shifiing for eech ey el g perfoemed dorng due mexl wwcie. ond Bhere is o fnal cyele
0f opesation wigh oo sditien or sublaction (0 complebe the shifting for tha et crchs

Either the GATE X or the GATE -X signol can be present durins each avcle: a cvcle can oo ba performad with
uzither :lip;r.lﬂz pregenl, which nepresenis = shill willi meifher wddiliong nor sEhimciion [l pﬂ'rl"ru_.-rl # SUIRTC T,
e KTEi-A asserts a TARRY IH signal abeng with the GATE -X to gencrage a 2% asomplearat numbes). GATE
Xoandl GATE-X are modazly exclusive,

To determing which, I clidisr, of the g@ring somads ganwhd T asetied, e K6 1-4 comapanes BOG aa0 MO

before shifting and then adding. In offcc, the KEL [-4 docs the eame operations as ths almarthe: showw in Secron

3.2, whers $he woitiplier & shidted finat and then ihe keese sigoificeat bit & commosad wich, the: provious bit,. The
KELL-A shilds aller the compagison: g o resull, HOG is shited ol i MO becorres Che byl significerd bil.
Thesefore, a0 aduickoeat stncaes 1s nesdad Fuer the previnus bit,

The: flow chart in Fipae 4-2 [k sccomoanied by awnberad i of stops chat desarlbe tha opaeations thar are done
during 4 mnulliplisaiion, An erssepie o modiphcation is given in which ihe contrats of Ai the registezs sre Geted
al [l ernl al seleclzd seepe, The number in the Sies cilmn elers 4o glep in thye seeoenc: seeompaaving the
o it

The fallosing conventions ure weed L de esample,

& Bewister comfends oy reemain the samme whisz the aputs asc clocked, T the inputs azc net clocecd, 2
rlmscencing verlisil o rreaw iy shaaven. ’

B 1 the eoodencs ul @ register sme umknoesen, o guesticon sk O0F g showng i the cooteits ave Eouwe, ot
unimporismt, o dush i 39 ghew,

I The nnme ot o registes folbmvesd by o - R or - |Losherifies the ciontests of Shsr fegistar shivted rigit ar
el pespeolivaly, Regislens wre shoawa Defed 2 the ilfted eontcnrs ae elocked o to neplaes e pressoe
cornleota,

4211 Multiply Implementobion  The moltioly implearen Latwe is as followes:
Hlep : . Arthen

i Al The MO wus Tnadad By o previcl insleaction.

b1 The MELAG was clesrsd t'q.r QFF £ ut the end of the previous mgrem linn
[ur B EMIT ).

sl Arage 2k w0 e S0 and Chile b Bus Data Lo (neltiplizeo® bo the X sepirmer
dy Clock X nnd SC-5E.

T T e e

e L T
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Artion

I MOy = 1, il the 25 complement of X 10 dhe AT, Adse, geiea | tu MELAG
il Ky dod ADPDER i boih & oot [FMQy,, =0, gite 20708 60 the AT, Gafe 500
migrug 1 i tiie 50, Clock the AC - MELAG znd 57 - 3R,

Trare g AL znd tha MO r];h.i s, Teabs A0 & it (repticesiomt if MFLAC
i cloar, of gate ¢ 9 de AC.. IWMFLAD is sar.

0N, = KId;, , mo to Step 6. ddvdte: oahe clocking, dof syiog, denges (e con
periis of it regisler. Therefore, the BIC hea aot chaoped slhee ontorng Step ).

IF MGy, =%, sehlose X S B AC "gnmf'ﬁ,gh " apd grte the rosult to the AC.
Also, gabe ¢ f to M FLAG ¥ l'l:'ﬁ and ATHDER . e Bedh 5 e, 17005, = 0, al.'!-Ll
K to the AC “pared right' ank gete the resalt Lo the AC, :

"Gate 5C minue ! 1o the 8C. Clock e aC -EI.IFI.AG. TG Sl BT -S4

11 5C = 0, po to Step 3. Pass r-f times thuough Step T for X = 1 bits,

Goee the AC and he MO might opce. Gafe AC: to itself (repUeatica) if MELAL
Is cizir, or wale a (7 fo A iTMEFLAG is act.

Chock the AL - MFLACH MO aml 30 - 58, The AC - M0 = 2y bil product,

4.2.1.2 Multiplication Example — The following Lista the content of the indizabed regisler for The meammple;

% thnock 3 eguals 15,, (17,

4,22 Ihvisien

AL

L]
a1
F1MH
LEIE

M) AC-R MR MFLAL B Siep
e - T ? MO Ioasad
010 - - 0 4 i

HIFI Fhto 14440 4] 3 2

190 CHOHN Lo o p f

ALH 1L 1116 i ] £

11D () 1111 0 1] &

1 - - I % o

Figute 4-1 is a Huw ¢lart of the divigion ooplementation n the KE 11-A. Coapage this fgeee with Fhume B2,

which dbusirates 1he coresionding ulgosithm. The divizicn operotios implomoncs mast of the stens of O algo-
rithem dicestly, bul the registess ae geawd21ly dngle kmdth [ L6 bitg), the addar is atatic (always operatca on the
same L6 BAED, wnd 32-bit operands ar¢ acemnmmodoted By uaing s E6bit reristers.

The efatan poths require W=t shifling occie befom abifitionr. This shift xpsed in e Arst ook of the division 1o
chili dhes divisor g Chiel it ke medesplied by 79 miber thad 2% An exlor quotient bl is inssried m the Tirst

vyl bofom the Fret eddition or subtractian; shis bit has wo significance, beaans it i ghifted out of the WO by
the lasd shift perfoemef, CThe Tuar shill cvale does nat zhift the AC; this, the bit dess rot sfect Hhe sarnsnder )

&4



The KB11-A procesds through the oyveles of the divimion ES fimes. checking for oveddlow after the fist cvele.
The logks Heen examines the romainder to deteening which of two sltecnative sguenees shiould be dooe;

@ 1 ne remainder correctinn is reyulred, only ene morz ycle s required; thus, e OO0 termination
aenuencs je exeonled, )

B, If remuoinder cormection is feguired, the EVEN eermination sequence provides the Vinal cycles, Tlse
reguirements of 20 ext vyele fof even gootients, and the reeaon that o remoioder cotreclion is iz
required for add qualieris, is Cicdsed o Secthon 3.5,

The wyveforms -:_|-11 Broywing DSTO-KE S 1-A-WF |Sheet 2] tlussrate the tasic division cyche, the DO and EVEN

terminatiung, and the e b whiclh ovcrflow i fetecied Juring (e fived cviele, The CLE AC and CLE M0 gignals
are nased oo Lhe sgoal BEG CLK G, shich opamntes pd g 250 ms pericv § 84 the basic lock freaueney).

Tlee Flow chart in Figure 4-3 o geeenpanied by & ownbered list of steps that deseribe operalions dona chsbing 4
divialon. Seviral exnmples ate ais prerentod to danfy the division process, In the examples, one ow Uastrates
the comtenis of the remistess ac 80 cod of 3 selected step of the division, The immdces o e S columa efer
for the qwnbiened @eps e et gcoompanying the fow charl. Comweblions a3 descTibed @ Seedon 42,1

4.2.21 Dhivide Implemeniation - Fhe divide Inplementatlon ie as follows:
Kiep Aciinan

1 a)  The AC, MO and gimn of she dhvkkernd (SIAYEN wers lesded by previons
Lnarnectioe,

19 (ate 20 to the SC and wabe e Bus Dty (Qivisor) ey o the X reghter,

2 Ciule b to S, 0f Bus Irata bit 15 i the wme o5 AU, Gaws 0w SRy, If Bus
Brata bt 15 b differont From AC -, Clock X and HED - HR,
5 Crale e AL and the ¥0Q left onae, gating SFan 1o My

4 1 8K, = 1, subtract X from the A7 and e the reet o the A0 3T 5R,, =0
adid X fr clee AT 2l gate e reseld fo the AL

£ Gzt 10 Sl gy, i 30 wlain of X s the sme us APEER ;. Giale O o 5y, il the
gpn oF X i olitTerent fican ATIDER .
& B thia e mol thae first tiine Buooph thiz saep, g o Sep 8

if the addess sre nnd 1 and the cany oot of che adder iz dfferent fTam S0V,
generate DT BOME and anakile the S to ndiane: OYERFLOW

# Crate 5C minag 1 oo the 5C, Clogd the AD, MO, and 30 -8R, 1§ overthow ocoarsed
W Step T, elis is the Inat séep of the invalid divide, aid 810 coptents of the MO god
AL are oicaninriess,

IC 80, go ta Slep 5, Pass i limes Liroagh Stop @ for X =4 bite,

16 Tf SRz = 1, sublraci X from The A7 and eate the regult to the AT 0 SR = O
Cadd X to the AC aml gele the nsaudt 1o the A9

Lt 1§ the AL ig Pea, ta T Srep 15,

|3 [ e wslel=r is e, ga e Step 14,

I3 b the sigm of thit AL 6 the asing as SDHVIE, g0 1 Slep B3,

14 W Cale 860 Adnus 1o the BT, pate SBay, tn SRy, Gzt e MO lefr oace,

Eating o O S W), Clock the AL, MO ard 5C -8R, -

44
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Figure 4-1  Divide Implonertotion Flow Charl
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dctloe

bl Gotz the BGHio the ADDER. and olee gate SRy, to ADDER,, . Ceic the
ADDER v eig B "G 1o Step 16 ' ' '

Crate U M0 Tl onee, walima g J pes MOy,

Gznerate DIYD DONE and cnable the S8 o adicate O ERFLDW o

a) e wign of X and SPEVED are the saneg ancd s wnticipated sieo of the oo
M0is 1, 0R

b she sign of e X and 3D9VD are dilfzrert ool Uwe sndicipalst s of the
fmpd MOY g,

CHherwice, the divide wae vulid.

Crate 50 minus 1 ke the 50, Clock Hee M0 2t 30 - 5K, T dho divide was valid,
thee MO = guotient snd AL = remainsler, Dhherwise, e coatents ol Uie MO aod
AC o mennigss,

4.2.1.2 Division Exutoples — The Fedkaying liste te won lsnés of 1€ inglivy leg resler i esdh #xomepie:

Uxzmple i

T U2ly ) divided b 5 wields g qudtient b 3w g remadnder af 2,

b AC

i il
neoe L]
11
1111
011
6
14

Brauele 1
35 (4300 divifed Ty 4 wiekles guotsnr of B {00, 1 0ad 0 reowsisder of 30 The quotzat & too lozge;
 GreiElow Cerrs. .. . e
X ac Mg 2 a0 MOL SDIVD SRy SC Stcp
1 R3] CH nu) - - Q ) T A-M0D onielsd
Oton (ki J14] I £ (et L 4 2
(HXE) nigi - R0 lill 1 3 H
[ 1M LERE| - 1061 110 11 2 E
111 LRIy 101 £ IH} 0 1 .
1111 100 - - 1004 L i k
DL L - a -1 L4
Y X1 100Kk - - - Y o -2 17T, ek
Buainple 3
63 {77 podvidernd Ty 3 wiakls a gaotost of 21 ar oscrflaw,
' Carry )
X Al MG Dk ACL ML BHVE SRy 5C Step
2 anli i - - - 0 t i ATSBTY Foaded
O0LL 0011 L1LL 1 0E1r 1 L 14z
¥ moe bl - - T S ey o
4.3 Bhills

MG Ot AC-L ML SOVD SRgp %O Bten
0oL - - - n ! ACM Loaged
[HiH] 11 (LT [H111 i 4 2
01l - 1310 niiG 1 3 B
(GBI - 111h 1iug i 3 &

1300 (111 iy 1 1 K
101 - 0011 L b G
0ol - - - { -1 i7

Shifk operationg do A€ moqguve camry propagation in che adders; $hift oysles 2oe cun from, dhe sigmel CLE 2=1,
which aporates st 3 | 25 ne peviod {§/2 Dagle Jock freeusncy of- e KX 1-AY The three Ly jaes of ghif] operations
awc illnetrated by ane sot of wavetonme on Dvgp. IRTEREEL [-AWY . The bagic shifi cvele nequires the sslectiots of
a poting gipnal to determine o righd o ket shitl, condrmd signals i detenmine what Bita ate shiftod ings saceted
pogidinns, and condeal sigaals (o dekemiine the setting of KEV1-A condition codes. Mo thot [or 2 0 shift count
(esr canditions mel in o Soaeadls ofsraticn) at the beginning of a dhift, the EE11-4 doea one crcle of tpess
ations thet does not affect the contents of the AC or MO regisbers, beause oo DLE AC o (LK MO sipnels aie
penrated. Thiz cyrele i dons to-ass the K1 1-A conditios eodes,
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CHAPTER 5
DETAILED HARDWARE DESCRIPTION

Thiz chiapter proasnts & descripiwe of KET]-A ke Beve 10 the sirgldd solemaic: contuined in 5 coomgranian
docnument, £F ) I-d Cxpended Anithmette Elogen: Engineerine Dedalupe The najor circails on esch drowing
ans Aegeribed, prd Hpe dewription is wligd 4o the Fupelon of vach of the major eenals tws ocipgosie: oo Lthe
dramiie. Ak, fgee eqiations aee faciuded far gt of the coatplée Soanisdonbion g hal geaem ey coalmd
signuls in Lhe KEf -4,

Glnal wames in fhe BEL §-A Whelale an crigin designabor gad o keval desigralor, 'Fhe origin af o 33#ns] is the
cnEineening drawinge oo which the sipnal la percrated; esch print basg e aadened a pamber of the foom of
By, whem x ig He nnnbet of 5 moduie doowing set and » iz e momber of the drawiag within the dyswina
sai. Thees nuwmbers apd orbitrorily Scdgiesd amd hive na mecning excepi withio e peat se!, The onign desip-
wing peeerdss thi sipmal namc, For exanple, KE 14 STOP H i5 =5 algeat oglzivating on ghe fewth sheed of tha
cirvuil achesmmidic For ke farsl KEE 1A masdale,

The level dovighatat ndicatas (i asserbeon lewsl ol 3 signad is sither S2ivh oo low, sepresented by an B o an L
fallowring the denal naniz, Somc denals rofed to ligh o Jow bates) in such siges, the seoal nare bas a dwaa-or
frree-beider word indicating the kvte rod » aingis kerter tngicating the eval, (o, CLE AC L0 5 s g sl that
alTecrs the fow byde of e AC, but ie pawmried when high.)

In the lugiy equalives, sene] nares ane eeduced do the simplest derms by elitminating the origin designater and
the wasitloe bevel, Homme seoaly ore ased =5 ohibdime Tevels;, he pseriion fesel Sisguelifies = g2ie, 7ather then
naalityinz it. Thks fuaction = cbown lo the e e uations By WOT seabiol (oo sign 1wl )

Cienero] isfommadion concernilg sircnits thar use discrere cosspunents for Liming I:PI_IlEHI,':G__ defuvs, amd clogkz) and
sy les ivtegrobed cipagits i ineiuczd it A7 T Coaven ooy Mo, D01 1156013,



EEL-]

Cheek and Skates, M527

The MR27 Clack and Starss Module coatsing tle tbnbeg civenits (o1 the KELL-4 and the sddrees recopmitinn lagis
ard control sipoal loge for commnnication with the Unfbos. Address deccding determines when lhe KR 1-A s
ad Gressed and the particidar operaticn (F aoy] imnlicitle wlecred  The sdabe nF D KEGE-A [Lhe Qparilon in
progrzss) is determired by 1lip-Pops om this mrodiie,

Tl trmsistur Clock, which poovide the basde aniog siooals far te KEL T4 angd the circuiis thal canleod Lhe
st rting and the stoppog of the cock are on this meduele

o L L R R PR R B Y STELALS LA LSRR L L e

o e o e o o e
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This drawine Tustrates the addreas decoder and the ‘operation Mip-flops.

KEI-? EAE ADRS H mracs that the Bus A lioee ure aet fo ome of the 16 Unilas sduresss {8 wond-loorboiz) that
sprcify KE11-4 addresses. The hamoer a2t prind Becation €7 aliews the AT addeesses o be either 777300 fhrough
TIILT oz TTVIM themaggh P30T Meammatly Fhe Former set of address (s sl

KET-EOF H meanny that (he addees trpliss oie of the fve EAR ogertlons. Sote thot it iz nof pted with EAE
ADRS bt oouky a funetands of Bus A430 6.

The follerwing convention appbivs i the sigmal Aaimes on his e
v.  Register sddvesass are twoclupas bk esignatbony
B Addrespss thol specly operstions are hree-characrer derignations
¢ Clgtpsts fFoh the ogeration flig-Nops are folrioreciar desimetions.

KEI-I

The tvo-lotter and fhree-Jet et sigmal rarues are aidross decodzs outputs, which e greni onfy whea The BAE &

' nddressed ho {he Bys A lines, The four-lctter signal opeses ure cutpuls frore fhe operetion flipflops, whish are

pecsisd £ an ot opcTaiion.

The Srep Commier {50 adidmss is not sepasately docoded bronuse the B0 can oty ba anpHicfely addrossed aa the
Jow fryle of 2 word that inglurdes the Seatos Register {SR) irs the high byze, The 8C ls accemzd by the sianal SR.

OF= —ANI® —ADTE - AD2
~A02% - A01* - AL
FADI* - ADZ® AD3

SHIFTS = ARHAF + LIHF + NOEM



KEY-T

Thie drawiep Llwstrstcs the S5YN paerator and the cock with the associaies lumenn. syne, and frequeiscy divide
Cincsits, i '

KT!-3 SEELECT H iz sct when M5YW Qs pazerted and fhe KE11-A s addrcesed, proveded that the BEET1-Adsin
mhin tenanee moeds or no operation s da procesa, 182 Unikes operagion oddeesecs the KR 1-A wltils 2o -:::_p:‘!f&'h—:’.u‘_'
i in progeza, the SELECT ip-flop decs rirt =0t untEl the operation ia dene; e Toibus ensfer s delayrcd unt:d
thal time, Pus B3V is vernecated 00 ps after SELECT s 2t o allow fimee for the dzta 42 be goted to the Toibuas
if the evoie s a DAY

KE!-} CLK GATE biorks the fiat tlock avale, becavse the circwit that penemitea the §2.7 w5 snuame wewe pro-
duces fne chort cyche tebpre olabilizing, (Clogk and .i';l,'n'iwg; witelnrms wre illisimated os rawin
D-TD-ERD L-A-WF.)

KET-3 CLEZO and KE1-3 CLE 21 pre Laees spuers wivees with 125 ns periods; the aigesk Differ i plase. CLEZ-)
charp=: gtatc on the hiph-d0-iow wranadon of the clock dat the oumpet of pate E44 at print iocaticn B/CS),
CLE ] chiumess o ke fogedosfizh tamediion, The olock eze mesd bz udiigled e that e output st pin D02
g tradn of polwcol §25 0w peslod 8 showo o Figiae 51,

Li=D2Lg

Fipwre 5-1 Ciock Rate Adjustineoi

KES-3 CLED H js 8 2530 05 poriod clock thet changes stage an overy low-to-eh tranaition of CLEZ-0 1 CLE)Y
iz uzed for dhe wmaltizlicediog and Eivigon squencss, kiR f2ajaine ddditicnn? Hmes o cutre pregagacann i [
FHECETE

KE1-3 REG CLK2 B prowdes o polse ad the et ol epch €28 K22 cyede Phol 3coeed do shoode dads dnfe e newis-
Ledd af the BRI =& doeing shef aperatio sguances

EELS REGULED H privhkes a 1.:Iul.1=u at b ek ol cach CLE T evele that js osed to aresbe data into ties repisrers
dichig, muldipdy and divabe copciation sogue noss.

SEEFT FEMIEL = LUK F SHIEFTS ¥ - [JONE

S deserdpcion o7 wavelonms Ta Chaptor 4 foc rest of sheet KT 1-3,

R S 8 L L LR 5 e e e e e 5 e s e o 5 o o e e o
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The circrsits shown on this dezwing nero ofF the dock, decode the bus comtnol ]'.I.|.1I:‘°i aud detect 8 zee nﬁt}mt -

KL 14 TAONE L, Indicates the znd of the curgent operatin.

EET4 T is a foad pt.ri"r For tnasbule checkiong; Uris sivnal is not wed by the BEL L4 Togi.

KET4IMND ¥ sinps further E.h.'ifﬁﬂﬂ.; by hiacking hnnlnum:-n of ﬁc clock sipnals forthe sheft contred circwit,
KE!-4 STOF H controds the chock tornofi and the operatien [liphojps.

KEE-4 OFF L tams olf e vlock ol the end of the lyst phinss of the cerrent vrgle and rese b ol Sleck T15p-Tlogms.

EES -4

KE1-4OFFi L sod KE1-§ OFF2 L are buffored slpeals dhat ressr the opesation Pip-fiops on KELZ

WEL1-4 CLK SC H strobes deta uto the Step Connter (SC) and into three Status Regictor {SR) bits. This siaral
¥ 1wed tn Ioad the 47 bodh at the bepmning of ¢ eeguence of operations and dusing vach oycle.

KEI-4 J\I'.I'H L pl‘l"_:l'l"ilil’.‘-'i.'ﬂ Gighi| el o destect rvitamiders of (0 buring division, This ciposil 3 placs on this
module becatse of spacs mitations, aot furational atPlsity,

KETS4OUTH, KE1-4 IN H, KE1-4 GUT L0 B, KEE-4 OUT B H, and KET-4 OUT BRI L zre decgitad from the
Rk Cand Bus A Haes to determing e shareres of o dats trander that addremes (e KE11-A.

+ MULT * (5C = 0}

DONE »~ NOEM® {ACIS * . ACI4+ A014 % - A7 |5 #{3U=3M 4+ fa0= - &)
+ (ASHE + LEHIN * {50 = (R

+ DIVER 4 |0DB + THYD DONL}
CLK SC=F MS¥NT # (51 £ OUT L0 2 00T Hi 4 OF = OUT 209
#+ OLE [T 2 {MULT + THYD)
+ CLE2 » (SHIFTS * -

5



KE21

Registey Control, MT2ED

This modube comprizes P girceits that sontral the datn pathe and the repisters thet hold the eperand s aod mavlts
of opiations. . ’ )

LB

p— I P P L L

o ] LS A (AL PR ] A P S s s

T ——
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e civenits shown on this deewing gencrite sdme of the date path conrot gignale.

KE32 WG M B contvals e value that iy mmai ity MO it 04,
KEZZ GA l'ﬁ X i efablen the dirmst transfer of dnts from the X realster to the addee anuL

E’.E.!—f! GATE -X H enzhbles the me.fu of thi mrripd-anmnf. of the dars in to X n;g:us.h-r Ly ding- ddder input,

" When H:tti:nd:ln:_ e dign of the M0 inte the AC. if the aiga bit ds o [, botti GATE X and GATE -K amlmnhu:ﬂﬂ.

ter generite zn_'l!t-i'.'_ul'u_}l 15 {ench bl iz CRed with ita compiemend).

T

KEZ2 CAREY IN B is the canry input to he least siguificant bit of the adifer; thip sianel & generyied in som-
jutigtiom with GATY -X to geaerate the 2'a complemen: of the number 1o thie X mopkie:.

KE2-2 M0 SHF RT H ansblos tha dura in the B0 meptiner [0 be shifief e b6 to the right.

EE2-2 ACEHF RTH uju,.ﬁ.l:ulm e sfuie in 'I:h;; ALY paeidet 1o ba shifted one place (o e leht befuee eetetlne S
iwdidlers,

KE2-2 CLE MO LAY I¥ strobes dida inie 4e Jow byte (5 biteh of the S0 rogister. This signal, uaed #uring Wading
“of the MG} and durdug oporscon sequeices, 15 dagder clock oominl,

) dnrlng the basl uycle nf n.dr'n':lu wmllmal mthLTmtlﬁ-ILI- Hsa Hfln;ﬁ.l'll'{ of e ‘-'I'Q rtu;#-tﬂ

KE2-3

HJ'I- EKTR_A H pad KELD 2 EXTRAZ H ure bulfered signals generstad by EXTRA L to controb e datn poths

EE2-2 CLE M0 B clocks the high tyte of thi MG (e CLE MG L0
REZZ CLK AC 1O H tlocks 10 tow byle of Uit AC (50 CLL MG LO),
KEZ2 CLK AC Mk clocks the high byte of the AC fser CLE MI LO).

KEZ-2DHNY H & geoeribed Lo reprseent the Inst opcle of 2 divigon opermtin that does not pequite mmainder oor-
recrion, The OO0 sgnel is need po penprate the gk that eonpboc! the dots paths dusiag this cecle.

H'-il'._rz AC13 SHF LE 1'"'.|.' [lf'ﬂ,:lil:h:s the Tslt ah'llr frpad [hrangh e addem) fo ACLS d1l:n11|= it Hf ghift, T]ua
aigriat o dimshiiad dirng arithmetiv 10l ghifte,

KE2-2 AL BHF LEFT M coabbes Hie foft shify irpuais (hcgisgh the adders) for AL {14:00,

KEZT Hﬂ' SHE LFT H enpbbes the beft ghift ioputs o che MO

QDD = (3C =0} * {{AC = ()~ -{ADD =0} * - AC{5 * - SBIVD + AC15 * SDIVDH
MO0 4 = BIVD * (000 + . {ST=0) ¥ SR
MULT STEP = MULT * %004 *- (%0=0])
ADE X = MULT STEF * -MQU1 * MOOD
+ TAVI? * -EXTRA * - SROG
SUB X~ MULT STEW * MQUT *- 3000
1 MULT * 5004 * WO0N '
+ IHVT * -EXTHA * $R00
SIGN EXT = OUT * W) * D15
CAREY IN = 305 X '
FATE X = ADD X + SHaN EXY
GATE -X = 5UB X + SICNEXT
MQ SHF RT = MULT + (ASHF + LSHF) » 8005
AL SHF RT = MULT * - 800 + (ASHF + LSHF ) * 8003

CLK MQ L0 = REG CLE T * (RIVTD + MULT = - S004)
+ BEGCLETL * SHIFTENBL '
+ P MIYN) T MO~ OUT 1O
CLE MG B = REG CLEFL * (DAVD + MULT - 5004) -
+ R CLKI * SHIFT ENEL
+P MSYH) £ MO~ OUT
c:uz ACLO =RIOGCEKLL * mm,r + DIVD * RUN *- 00T * -EXTRA}
"1 REGCLEDY * SHIFT PXBL
<P MY N OUT # (A8 M0
CLK AC HI = REG CLE L)% (ULT ¢ DRV ¥ DN P - 000 * - EXVRA)
+REG CLE2}  SHIFT ENSL
+ P MSYN} * OUT * {AC + MO}
ACSHF LTT = SHIFTS * - 5005 + DIVD STEP
THYVE STEP = DIVE * - (5007 * -EXTRA -
ACL3 SHF LFT = AC SHE LFT * - ASHF
MG SHF LFT = SHIFTS * - 3005 + DIVD = - EXTRA




KL-3

Thies circolls dyirwi im this dewing pencmte some of the status regier hits, Thes flip-fiops cab be Tonded fram
tie Lnibus ur frrn the KE 1124 bogic descrived In ﬂtc‘i':nﬂc-wﬂig paragragtha, e fpefbops are chacked i:lj.- Ll
CLK 50 sgnial.

KEI-I SBOT H i 5 atatos ogistes bal thal, in comjunclion with S K0S, indicates an oveitlow condltloss The out-
put af gzte k4 at preet lecntion TS i high if an neerflow oondilion has ooeommed doniog the current operation; -
SROT ja e eschecivs O0R ol this dgond with SROG. The oveflow dotection fogis incledes a dxfct 5i5:1.'|.] that 5
ed 1o pm 10 of gate B4, 1Fan averllow coadilicen ocears during a shift operateon, the ktoh aasores thas e sig
vm] iz present at the cad of the operation. ’ e ’ R

e

KES-3 SR H nclicsites thar the resatis nf an opecation are negetive, SROG s lorded with e v2lue of the gama
ratpur Fecdls gabe D18 at deswiag Bacation C4,

'
= A

EIZ-5 5SRO0 imdicates tise valwo of the sl bl shafied ceat dudeg o snaft opergliog: the Uhpelbop is e fagne:
alivisdin nperaiion st store 2 et determines whether the nem eloeek oyvebs Jooo execite 8 saldractioc of a0
Migitivn upes pding.

KE2-3 IIVD IMNE H 1+ aveerbed dering an E-:-'i".'"ﬁ'.-l cloiy gwale or il overflaws |:'-|_'|:i_i:"E cherinm 2 d]'w:[c

Al
= 'I..:.

OVFL = DIVD * - (ADD-0} # 5004 * - 5005 » (CARRY OUT = 801V
+ [ASHE + LEHE} *-Pflm * —;:.'-i-['::,]:’.] *CLEZD* (ACTd 7 AL T
* ELVD = QD0 F (SO0 S S DIVD# X 157
¢ EXTRA *-(ADD=D) * {SOUOT # (3 DIV £ X155
+ OVFL % - STOP ¢ - DIVD-
SOUOT = EXTRA & ACTS + 02 = Mi)i5
NEG = DiVI - OVFL * SOUCTT
+ DIVE % OVEL * SDIVD
+ (ASHF + NORM) * AC15
+ MULT * A 25
+ LEHF #3008 % AC14-

CARRY = ASHE * 40714 4 5005
+L8HF * AN S *-5005 .
+ BV * SREKD.* (8000 .
+{ASHF v LSHF) * 5005 * 4000
+ {MUT. + DI¥ START) * (1218=401 5
+ EYD STEF # (ADDE5 = X |53

SRO7 = RELOATH SR * [334

+- RELDAD SR * (OVFL = NEG}
TR = RELOAD 5K * 14
 +-RELOAD §F = K[3
SRO0 = RELOAD SR * B4

+ - RELOAT SR = CAREY - S L
DIVD PONE=EXTRA+DIVB®-OVFL | b

5B

T e e e L ke

. o o e e e gt b R R e e
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| Thﬁdmwm muﬁ‘hﬂiw 3:‘:151.3 of 1w |:'|2.::Lu palll: I'J:HF'.'I.'I;'_‘.’-‘I sigr.uh

KEI4

K'EI-# M'l.ll. ¥ ﬂﬂ‘ ET.'\'HT L lndicates :tlm A ‘11|..|H1I|15.' ar 41'|\-||:‘|H- n['m'ratml'rm mqum*d Th-P mnail Iy pn‘rﬂt cmhr
aakii ﬁ.. apiration fﬁp—l’lu-p ig got

KFZ-4 ﬁfiﬁﬂﬂ H provides T WPt oo bc saifted inke AL LTS -dmnm mlﬂﬂﬂhmﬂ.[ﬂﬂ amd iutlf The ‘nFL-’LG

ﬂq‘l-‘”hfl prerides ﬂrv: oniTecting Meceassary when the .rnnmpm:and L

'li'.l':-"}# 'Iﬂl.l:iﬁ.b E-E L n;rHEI-IEI'- tﬁb EnpAry b EH. hm\i} &, and "‘ﬁ'nm the Ef_’} I-A Jl:l;in;

'Tls-t'. mmamhu alq'na.lugmmud oo thbs pric o ped tri g dm L1 th,e vu:mul_». mtgﬁfw LIEnUs ETtE

KEZ-4 SDIVD R js 3 ﬂl.lJ flep thal stores e oTiginal sige of the dmc{m:l for comparlson with the ﬂ@m of the o i data pattis: The B0 uin be loaded from the Unibug or, with & constsnt vl of 20y {for mualgiply or dhvide '

Tradts to dﬂﬂ'n-uﬂﬂ e presenie af overllow of the need fiir remainder cermation.

np@ﬁﬂnm‘l éurbm 57 Operation 'tJ'n: E{‘ o, mtnwemab.lmﬁ&wemlu& lhmusﬂ'[ it m;mr.ﬂa— Wt uFu}ﬁm

. -

-

SET MFLAL = CLE AU ® AT * X15 *GATE X
ACHS IN = AC15 * - [ASHF + METLT * - ¥ LA
MG FM D = M+ OUT ¢ - OFER
ACEM D= AC* OUF = 0PI
FUSTO SC= RELOAD SR + .ASP + L&HY * QU1 L0 * - OPER
RELDAD 5t = SK " QUT Lo * OUT Til * -OPER
NUM TO SC = - BUS FO S0 = 1< RO ¥ BLIN)

“F TO BC={ASHF + LSFH) *  SC05 + MULT + LIVD
BOHA T 802 o {ASHEF + LEFFD * 8005 + NORM
MUL + DY START = (MUL ¢ DIV) » -OFFR
OPER = SHIFTS + MULT + DIV
VLK X o (MUTL + THYS * QUT LO * F MSYHNT
ALYS GATE = A4 FM ADD * - ASHF + ASHE * - %003
AL FAF AR = BIVE* {80=00)

5.4



KE3-i

Fregisier Low Hyte, M254

This maxEule 2k fhe identicsl M3 Roglyters Hioh Bvte Modwule (EE4) make up the threr dzia remastere, the
it adder. and the data pathe that sonanedt theee clements. Fach meadule pontains one byly of il sbemenia, A
Dl alice digpram of the registoes zod dsta pmum Fimare 4=13, wlum shr'wu qlk :.mtm Zignaly om the 'rEgH-'u.*r
board- I pmrid-:fl io ":!1.-!:1"5':1'"-1' :

Beocnass the F.cg::hc‘:e .I.u'.l- B'-«'i.-:: Ar. Rmslm th;h Il:.- b8 raced uJE-u :m: ndanuc.ﬂ e gigsal pus'w 113: el £0b-
teiel stgnals thot are wsed Lo peowide indpenlpal control of S omost sicnificast bin o operatlons on de AC must
te yerewen on bath meslules, For e o Iopoe, thoso coieteel ingrets e conescted to the control inputs for the
Pt s Bils.

510

T

]T_"'



P AL LR B AR

Ragister High Byle, W14 ) :
“This moduld ia identicat-fo the Register ow Nigte Maguie, KE3. Refer to the deseription of thit module,

EE4:1



“REs1

Data Contreal, BITII0

Thic mosivle contuins the bos dats receivers ond dvers Gor S KE1 i, ac weil oz the stop pouanger. five bite of
The slutus fegisle, i e pssacin e o,

5-E2

R
S

o e e s gl g e o e i ™ T ] ol e el I S % S o e o e

g PRI . A Y e s mna

. o LIy
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. Thts deewing it ranes the citeults ihat rontmk the donlicg :.n:r.ﬁ:! muoditication 4 #e slep foualer {E-E’}. The 5C

in 4 foit mgldte-that can he h*-aduﬂﬂwm the kiirtuis of o an adder fedwirk That can adid 5 0r =T 1 {he |
soptents of e BC of load 20 mtﬂm SC. Alao, mnﬁl mmbdmmm circits détect vatious B phates, P T
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APPENDIX B
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APPENDIX C
NAMES OF MATHEMATICAL TERMS

The marhematival sperations of additén, sebtacton, multi!'l':ir“::'.[i::-l.: ascl divisivon cacl prodouce one result From
twa operandr,. The pemer aerctd to disciass £he oporands ate given in Tabke C-1. This apperdiv alsa inclades roalcs
for conullane sgned s ey i oexch Opeisticns.

Talake A1
Opcrand MNamss
Cippacathen Txd Chymectit sl 2l Creraned Hesutt
Addition Adderd Addend Sum
Zubtrsetion Winoengd Suchbrratend il rerenue
MniGpkication Muttiplicand Mhaltiplier Producr
[Mivingn Livedend T3 _ Ciungiend

The operands can be frochy cxchanged is addition and oualtiplleztior. The crder of the opcrands o the opoez-
iy 1% ar ghowen dr Faaoees O throwgh O,

Addend
+4ddend O
Han

AAdend ¢ Addend = Koy

Fmowre U-F Uhedier af Opoeaids in Addifien

Miosend
—-Subirabiend oF
Difference

HMinuenid - Subrmbead = Differencs

Figara (-2 Oxder of Opemands in Subimction

M Lipl'iL:lTl-l
wiultiplisr o
Mroduct

Miuduiplcand = Muottlplor = Froduct

Figere (=3 Omder ol Operands in Mulliplicatiog

Piwic]ers) o
= Quoikent ar Dhivizor | Dividend

DiviznT

aF Dividend = Drivisor = Chiotizre

Fizpre T4 Order of Operands io Divezien,

Whan apersting ob sipred puamters, the follswing fubes detoAning the sign of the reselt

c  Foraddicim: with ke seng, 26d the absolude velues acd prefix the commeon siga; wirh selke
signs, satmct the absalute value of the smzllee naothbet, sed orefix the siga of the kg,

b Tur sublrectione change the sian of the sabtrohend, and prooe=d 2« in addien,

o, For gquelipiicarion. with like sheos, the teselt 33 poicier; with unlike signs, the resoll iz neeutive.

o Fordivigion! divicle the absoduts < lues, aad prefia a posdgive sign for like 2ipna or 8 oegztom
sivn (g gslike signs,
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