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.......... ___ .,, _____ _ 

TM~ soit L0«'.11c. PrCCP~SOr. (SLP) Is .. ~fqh PP.r-~ormenee. IOW rH"IW@r 

ronsu~Ptlo" ~lcroca~puter Pr'~~rl ly tntenrled for c0ntro1.1er ePPI lca~ion~ 
:reo~~cln~ e~lst1ng r~ndom togfc SSJ/MqI solut~ons. tt of~ers ~ 1 usec·. 
tYPle~t instr.uctton cycle tlmP to e~P-cute ~ny of t~e ftxed widtkt 16 ktt:, 

_· i n s t,.. lJ ct i on s w n I ch c P. n Pro c P ~ s one , ~ow· , P I g ~ t ~ r s I )( t ~ ~ n b I t f ·1 e I d s • T n·e 
·1~st~t1ct~on set nas bee" ~otfmtzed for effl~~~nt OP~r~tion~ Derfo;~ed 
dlr~ctlY on TIO r~g1sters,. A variety o~ tecknl~ues to\i'!ve heen tnc1ud~d fO.r 
I o a I c ~ I rl e c I s -I o ~ m ~Ii< t n e:i t l n r:- I u rf I n q rf I r e c t b I t t ~ s t I n ~ n f i n t er n a t 14 !"\. d 
P~te~nn1 regfstP.rs, tndaxP-d br~nc~es, Priority P.n~nder ~or ~ost st~nifi~~nt 
~It f~nder, e~tern~I event ~vnchrnnf7Rtlon, and ~ nroQra~ st~tus reQl•ter 
to c~nture the sat ient ch~r·~tPrlstlcs o~ tne l~$t Producen result. 

Alt~nuoh Drim~rily lnt~ndAd ~s a ~lcroee~trolle~, there are sevpr81 
pro~~~sor ProvlSIO"~ which ~hnuld permtt Its ~d~n~lon to~ wide v~rletv oi 
~pnllcntlon~. A c~~trot st~ck m~ch~nis~ I~ orovtrlP.rl f~r rP-turn ~ddre~s~s, 
p Ar iV" e t er s ' "" rf t (Hi'\ 0 0 ,. a r y ~ L'.' .r:; I I l t s • A p r"' 0 gr p"" s t ~ t \J ~ r e Q I s t ""' r c 0 ' ' e c t s t he 
~achtne'' st~te in nne rn~v~nient Pl~ce fnr. eFf tclP.nt h~ndt tng 'Or 
lntPrruPts. t\Jtho'JO.h onfy tw~ lnstructloti!I; ITlOVP. n~t~ hetween "1ain ~t"re 
And the int~rnal store, t~~ ~rldre~~lng m~~n~nt~~~ provldP. the COM~O~ rlAt~ 

?er~~~ t~ch~fqu~s. 

Pl\Gt. ? 



MJCRnt:ONTROLLER REQUIREMEMTS 

ROM -... .. 
utttized for Pro~r~~ store~e. 
1teck for return arl~re~s nnd 
tlter~I arrays can ~e stored 

-share. the Pr~gr~m oo~ 
.. 

~ Hlgn ~erform~nc~ 

loc~I tamDor8rY storege 
with their subroutines and 

.:. wide ·1nstrlu;ttons tn d~crease fetches 
~ . st~pte tnst~uctlon ~et 

~ 1nstructlnns which ~erform oper~tlons direct Iv on 110 reo1sters 

* r .. 1 any s y s t em s do no t r e,., u I r e e )( t en s I v e RA M 
:. on en.IP return ad,.;r,,.ss stora9e for first subroutll"\8 C&tl 

··~· eight lnternnl reg1sters which c~n be su~PIGme"te~ with 
f/0 registers whlc~ dn not inter~a~e··wlth any d~viees 

• - · 1 I mi t e d RA. "1 d at a n r. r-" s s. I n s true t I on s . 

* ~textble I/O structure 

a Proeess~r svnc~ronlzatin" with AxternRI nvent! 
; slngle tnterruPt I l~P with hkgh SPeerl lrienttftc~tio" iectaitv 
~ direct external bit tPsttnQ 

a· varied dectslon makfnq ~bi I itles· 
-~ ind~~ed brpnch 
~ ~on~dP.structlvP. co~~erP 
·~ . 

· :~ b J t t e s t _ 
• ·progr~m st~tus reql~tPr test 

·* f lefd OrlAnte~ data 8C~~SS (4,8,And 16 bit wl~th9) Wltn 
orovislon9 for mutttbYt~ ~rlthmetlc 
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~VSTEP.~ ~ONCEPTS 

-----~---~------

The Soft Lo91c Prn~essor system consists Of four m~Jor components 
(see f fgure> I 

1) Micro Controtle~ Chip• MC! which ex@eut~s the instructions Bnd 
is described In rleta.11 lftter, 

~ 

2) Extern~t RAgtstP.rS ... "tnv speed registers rn~y be 1.1U~d 8S at I 
communleAtlons nn the bus aro asvehronous. These registers ~re 
.the J/O svst~m ~~r the SLP. TkeY mPY be true ~eoist~rs or ~~•v 
st~tfc t~nes. T~~Y may be reed-wr~ta, re~rl onty or write ~ntv 
as. ·~ar ag th~ Mr2 ~s concern~d. _The Hn~Tr interfAee ckios 

, being developed ?.t Data svste,,,s wl 11 lnterf~c., dtroctlv to the 
Sl.P. 

. . 
~> Memory - ROM wl I 1 be tYPICal IY used for proqr~ms, ffxed tables 

4) 

ennstants, ~as~~, etc. RAM wit I be tvote8t fy used f~r d~t~ 
st..,ragt:?, the Pus~ down stack, var·t~hte.s, ete. Tt rtl&Y. at so. be 
used ~or proar~~s, etc. Al I mem~ry ~AY run ~t its own seem~ 

·due to the asvc~ro~ou~ h~nd sh~Ke. 

Ruses -
16 bit br ... ~treC'tlonal data bl1s 
16 bit nnt~nt1~1 ly bl·directton~I Addr~ss bus 
Go-ENn n~~rl~na~e f l/O ~ ~e~orv have s~~P.~~te haMds~a~es> 
Get Next Tnstru~tlon/Tdte 
lNT/INTAt""K 
write 
f ~tch Pn~!;e 

Power on 
svstem Cl4"1c~< 
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R[6] 

R[7] 

. R[8] 

R[9] 
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TOS/Top Of Stack· 

STATUS 

R[O] through R[7] 
internal general purpose 
registers 

R[8] through R[15] 
external general 
registers (currently 
addressed bank) 

Pf Program pointer 

IR/Instruction Register 

RB/Register Base 

L~ _- _- 0- -_ -_ -__ L ____ _ _ .I S/Stack pointer 



w••~••••--·--•---

There aro tl~tP~~ generel ~urPose reqlstP.rs. wktC~ ca~. bP. 
exPI tcltlY relerenced in register to register ~nd t lterMI to reo1ster 

·instructions, E19nt n~ these ragfsters (Q[Ol t~~ou~h Rt1l> are 
internet to t~e Mfcro controller. Ch~~ (MC2l. R[Ol is multi~Purc~se,. 
tt is tne toP oj st~ck ~or Interrupts end subroutines: Jt wi11 ~Ito 

·Met tlke a gener~I QUrPose ~ealster de~endtn~ on tne instructions 
which er~ epPtled to It~ R[ll I~ ded~ceted to serv~ a~ a pro~re~ 
st6tus register CPSR>. wh~n addres,ad es ~ g,p, dastin~tlon ~eolster. 
status i n~ormat I on ts not set f nto It• 

RC8l tnrougn RC151 are viewed bY tne Proeesso~ ~s futt 16_ bit 
~e91ster structures whlC~ c~n be both read anri wrltte~ •. Tkese 
reQlsters serve as t~P. int~r~~cinQ devices hetwe~n thP proeessO~ On 
the one side and thP dPvlee on tne other,. Their ex~ct ch3racier~s~ics 
ri,9,, size, read only, write Or"ly, ~nd fndtvtd\J1.'f ttr.,lrl ~ssign,,,e;;tst· 
~i I I be determined ~Y t~P sneclflc aPpl I cat ton, 

JNSTRlJCTION POIMTER 

---~----~--~-------

T~e tnstructton Pol~ter (P) Is $ slxtnen hit reolster which 
indfcates the next instruction to be eKecutfld after t~e current O~• Is 
complete • 

.. ~- ... _ ..... _ .. _ ... __ 

T~e Re91$ter Ra~A <RP> Is en .q bit reQfs·ter w~ich soeeif ies thA 
~ur~ent bAnk of extArn~1 registers. ~nlY A ewtern~I reol,ters c~n_ be 
ACCe~sed .~t ~ny tl~e, hut by cha~gtno RA, UP to 204A rea)~ters m~v b• 
~cc~~sed in b~nks o~ e, ~B 1~ set to zero hy Pow~r ~~. 
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----------~------------
The Pr o q r am ~ t a t u 1 R ~ ~ I s t a ... I s T A T lJ s c t • P , , R r· 1 3 ) eon t a i n i t he 

saltent characteristics n~ t~e most recent result ~roduced bV the 
processor. The fol towin9 condition' ere cePtured ·tn stetu11 

... 
0 

* 
. "' 

.. . .. " . 
·Resuft fleld ~P.08tlve <N=l>• Most SIQnlffCent bit equel8 ene 
~esult ~letd 7ero cz~l) . .., ~ - . 
Qesult flel~ ~enerAted carrv Jrom ~ost sfqnf f leant bit 
CC= l.) 
Result gen~r~tP.d overflow (0~1>. _ror ~ddt o~erends same 
sign end result ts t~e OPPosttB slg~. For subtract, 
oper~nds dif~e ... ent st9n end the result Is t~e seme sign 
es subtrake~d frtght operand), . 
~osltlon Of ~nst SiQnlflcant bit In byte <L a bii Po1ifj~~ 
labeled ~roM lrft to rtqht> · 
InterruPts en~~led tf.=1> 

STATUS modlf lcatl"n Is dis~bfed whe~ever It It selected es the 
d~st.lnetton rP.gister ~,_...r ~n operation, .t\l_I '_'On-control. tnttruct.fon1 
wll 1 ceuse STATUS to rPfteet the charactertstles of t~e resultant date 
ereAted by the ~nstruct1on. Although co~Pare lnst~uctions do not 
create ~ny vlsable nPw dat~, STATUS ls mndlfla~ 8t if e result was 
Produced from the subtr~ct. ~. 

The b I t I 0 c-' t 0 ,. ~ i €' I d • L ' I n s T A rtJ s I s "0 t - f 0 u" d . i n '"0 • t 
·computers and should he emotlFled upon. tt Is a t~ree bit, Po1ittve 
iteld eontatnlng the bit ~ddress of the mo~t slqntfic~nt one in t~e 
result rignth~nd byte. ~Its are ~umbered ~rom teft to right wit~in A 
byte ~nd most stQnlf lc~~t bit Is Poslt~6n 7 6 ro <the te8St sionifieent 
bit Js bit number w~1, where w Is the f lelri width)~ tj there era no 
set bits ~n ~byte <I.e., ZA=l the ffetd is 7~ro>, L ~ontaJns ~e~o. 
oe~aurtinq t~ tkJs v~tue for zero f 'el~s Is deslr~bfe fo~ inde~ed 
branckes because al 1 P"~~lbl~ condlt.tons (i.e., Po5~tion of one hits 
includfng no ones> ere cov~rRd. aec~use the·~ax,mu~ i1etd width w~ieh 
~an be processed Is etn~t bits the largest v~IUP which cen occur i~ L 
ts 1·. 

- , 

Note tkAt an ei t I 7f!ro elqkt bit f f P.' t'f ml3kes STATUS <12i4> •1000 
(8 dee I ma I > CJlv1na R u"' 1 oue result. 

P.e.~tJlt ZA L 
0 3 4 7 8 11 12 15 
XXXY. XXX)( 1. )()( x XX)C,e 0 0 
XXY.)( >t'X XV O)XX XX'l<X 0 1 
xx xx XX).' X OOlX >OOCX 0 2 
xx xx )'.XXX noo1 XX>O< " 3 
xxx ){ >CXXX 0000 lXXX n 4 
XX'<X xx xx oono Oh'X 0 !5 
>t'XXX xx xx () 0 0 I') OOlX 0 6 
xxxx )00( )( no no 0001 0 1 
)(XXY XXX'>. ,iooo oonn \ .n 

x t t; don•t CIH"a 
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~TACK ~ECHANlS\A 

..... ------- .. -----~ 

_ ~C~ cont~lns ~ ~lmPIP st~ck mech~nl~~ for suhroutln~ r~fur~ 
~ddress stora~e, P~r~~~~Pr tr~nsferrtnq, ~n1 te~onr~rv result stor~Qe, 
qeQlster 7.ero contdtns th~ t~p-~f-st~ck wor~, Whl I~ the othe~ st~Ck 
ftlements are stored 1~ ~ QA~ w~lch Is a oArt o~ the ~~ehi~e•s edrl~es, 
space, 4n e.l~ht bit, ~t~r-k P~lntP.r <S> toenti~ies t~P. ne~t etement o~ 
the PAM stec~ to be t1~ed, oolntfng to ~s~endf~Q sto~~ge toeetion• 6~ 
~~tR ts Pusherl on to it. The stack I tmlt tq ?5~, b~SPd on th~ l~rQeSt 
oosltive lnteapr which c~n b~ h~ld In s. 

_Push i '"'g ........ .__ 

1 • 
2. 

~fM~RY C~1::PfN?l 

S I= S + 1 
1. s t= ~-1 
2 • ~ r N ;! ) i • ~"Ff.A 0 R v r s l 

· T~e PUSh nPer~tln~ l~PI icltv tnvo~P~ whnn •n ~nt~r~uPt o~ ~~LL 
~ccurs u~es rP~ister Rr~1. rth~rwl~~.- ~I I nth~r l~!tructtons t~~~t 

P(Ol t t~~ ~ny othor nenPr~I ~uroo~o re~ister ~nd ~o not c~use n~t~ 
traff IC ~etwe~" R[O] a~rl t~e ~nM st~ck as A slrlP e~~Pct •. Tke PnP ~nd 

i?£TtJRil tnstrvct ions "'~w us~ ~ny reoi StP.r- 111s tkP. t(')p-of-stack. Jt Is 
the orogl"'Ammers l"'P.S~')("11·11~ihi 11 t~ to m;1tfr"tr.Jfn ~t..,.<:k tnt~or"tty, 

MC? cont~ln~ ~n i,...t~r-rt1Pt nort tr.to tkp nr-or~$Sor. J~ t~e 
i n t P,. r up t s v s t £-"" ~ 1-> s b <; C" I"' en .~ h l ~ d ~ n d t he I n t Pr I"' 1 Jn t: I ~ ~ s s "r t e rl • . t t 
w i I 1 c r3 u c; e an au t o ron ~ t I ,.. C- lJ c; h o f P.,.. 1 r, n t. o, t , . ., P ~ t ,.. c I.< ~ n ~ i~ n I n s t r u c t t o"' 
~etc~ ·from -'!ridr~t.ts f:°'7"Fr· ~ftPr thP. currnnt lnstrur:t i~n Is e~eeuteci, 
n~c~ t~e lnt~rrupt IS ~~~"cw1pri~~~. th~ int"rru"t svst~m ~s dis~hte~ 
~~d ~ust he ~ro~r~mMotir~t Iv en~hl~d. 

ts Rrnf"'C:h w i I 1 "~r!'l'tq t t v h~ E>'l(f-lcutf:!rl s I nr~ thl't interrupt r"'turn 
o o I n t t s s ~ v P. d <' n t he ~ t ;.j ck • I t I c; t h P. or o •1 ,.. r\ rn mer • s r P. s Po" s I b I t I t v t o 
,Av~ ~II ,.~glsters th~t ~11 t hP ChP~0P~ hv the executlcn o~ t~~ 
I r t t-t,.. r up t r o u t t n e c P. s P • no t P f. T r T t. J <; l • N ~ t ~ t h"' t T ~-~ T T , SA I T , RA t T , 
Cf.'.\TT, "'ol~ 01; lnte,. ... uPts until ,.,~tf:~r th'-' lottowlf'\'1 tnstructlon to 
~1to~ turntna lnterrunt~ h~ck o~ A"d rAtur~ln~ to t~~ mRln ~rn~r~~ 
.., e ~ e r e ,;_ n o t h ~ ,. I n t e r ,. lJ "' t <' r. f'" t 1 r s • 



POWF:R ON --------
When th~ ~ower on ~iQn~I to the MC~ go~• hf g~, the MC2 ev~tea 

throuo~ a SPectal P~wP.r-on se~ue~ce ~nlch s@ts th~ chiP In a known 
state I 

Reolster B~s~ register • o 
Stack Pointer rGgf ster • o 
STATUS regtst~r = <811>=0 (jnterrupts offl 

II tkP. Get Ne>et Ir~tructlon 81Qn"'t Is ki?n• then .. contro_t Pe;1e1 
··to t~e ed~ress FFFDt othPr~tse, the MC? Qo~s Idle untl I AN! ooes ~loh. 

The Po "'"H' on s I n ~ '~ 1 "'us t rem Ci i n I ow e f t a r- t ~ e v D n 1 u Pc I y i i at 
its ~lnlmu~ va1ua for ~t f P~&t ~ clock pertorls. 

_._ _________ _ 

fJ.t thP. end o~ eac~ 1,.,st,..l1ctt~n, ~nd durt"'o t~e P~wer~on s~que~~e, 
the Get Next Instrur-tlon I ine Is testerl. I~ It i~ nlok, e•,eutlCn 
continue~. If )t is lnw, the MC? qoes )nt~ ~n tdte State, While In 
this StAte~ It resPon~s ~s a slave modute to extern•I reotster re~d• 

· . .and t oeds d 1 rected t~ h,.nk r ... umn~rs FF. and FF. ~ftnl< nutTtber-s FA throuQh 
FO. 1're reserved: 

FE 
MC?. 

0 
1 
?. 
3 

••4 
ft 5 
4t6 
07 

otnternal worktng reQlsters 

RA~lsters 

GEMERAL CFH o l to RC Tl> 

c; 
p 

MASI< (read t')P'\IV) 

JR 

"' nRt 
rrn2 
Peserverl 

wt,en t;et t\J~xt fnst,..u("tf on qoes hl~h t""" MC2 fetefa\e1 t~e ~a)(t 
instructto~ and DrocePrlS bes~d On th~t Instruction. (See APPendl• Ce)· 

GNI is internattY Pul IP.n hfq~ by a 11~ ohm rPsl•tor. 

When an ln~tructl~~ l~ being fetc"'ed ~nd Is on t~e Oats BUit the 
~etc~ Ph~se sttJnal ts ~!t'i~rted. II tne lnstructlo" Is note vet Id MC~ 
1"struetton <I.~ •• IR< nl3 > = 1111> th~" th~ lrlt~ lt8te Is entered 
~nd tha MC2 b~hAves es rlPScrtbed ~bove, 
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MTA i 
(m Rl)HJ) 

PRoG~AmS · 
(1-rP, IN ROtn)f 

Powe It. 01\J C '' u. t----·---- ----1 

fNftE~(?WPT C.ct.L. 
µ: - - -·--· . ----··------! 

L.--·--------

!lddre.ss 

0000 

0 OF r: ·~s.s · r/6 . I~ 

FF F D II. 

PFFE,~ 
FF F F 16 



J!~G I STER TO REG I STER If\t!;TRUCT I o~s 

------------~----------------~--~ 
. . 

· Tke reolstEfr to r-eotste,. fr'lStruetlon r,rouo eonstitut~• ... t~e 
maJorlty o~ ~C2 tnstructlons, In eontr~st to mnr~ general ~ur~ose 

'.computers wt-11e .. exhibit 1!ar"I even mtxture of mem9rv. referenee ..•. 11nd 
'reolster to register Instructions, Controtter appl lc~tlons t~~~ tQ be 
more I/n ~nd decision or-tented, rat"er t"e"' d~ta/RA~ store ort•~t•d, 
·Th~s, in,truct~ons elt~er a~PIY funetJons to 16_ bit wo~dJ oF to 
·parttel ~lelds wlthtn t~e ~ord end tre~•~lt the retult toe full word, 
The ~ntent of these stmpte functions <i.e,,_b~sie 8~lthme~i~ ~nd 

, 1ogleal .functto~s> couoted wltn e unl~or~ s@leetlon ~nd deatln~tlon 
meck9nlsm is to I tmlt t~e number o• uni Que ;unctions <to 1fmpf f~y LSt 
imPtementat1on on a chic> whtle Providing All t~e ~~eitities 8Y8~t~ble 

1 in· conventtonet lnst,..uet ton ~ats, A ~ew 0)(1tmPlas should ·111ustr1tte 
this COl"\ceott 

. 
o tncre~el"\t/nec~~ment realster «by 1> jnstruetion ts 

. ~epl~ced with tke combtn~tlon o' ~ I lterel ~dd/ 
subtrAct with,. v~1ue o-F one. lls _,bonus, '"'a 
sJngfe lnstrurt1on time anv bvtP titeral can he 
~dded or subtr?cted, 

o Rlt set, comPIE'me,,t, test, 8dd Arl".f reset 
i~structlons A~P provl~ed, 

Tnis pkllo~oP.-..Y ts also used t"'rouqfoolout tk11t ntner 1n1truction 
t.lrouos. 

rour 1uncttons, n~~. 5UAT~ACT, COMPARF, end LOAO, C81"\ be a~~iied 
between an elQkt bit I ltarAI and A ful I word reotstAr_.usino the iul I 
reqtster ~nd I tteral ~e~m~t. Any tnternel register c~n be 1e1ected as 
one oPe~and and t~e re~ult destln~tlOM, 

In tne Pc9ister f~r~At~ tke two operands 8re 8 full word ~aoi~ter 
~nd a fietd $electP~ out o~ ~ rP.Qlster. A lul I set oi 1oaicet and 
aritnmetle funetl~~s ar~ avat l~ble. 

Tkere arc several monadic ~unctions whfc~ C8n be &PPtied te 8ny 
-regf stert one•s ~nd two•s CO~PLEME~T, ~nd SHIFT •. Shi it ODerniio~s 
·~r~ aP~tJed to ~n entir~ word. A shift ~~v he eft~er loQIC81 (zftro 
~lll)t circul~r in oit~er dtrecttcn, LlNKF.O Cc~rrv bit>, nr 'TLLEO 
tone•s ~I I I), 



lj BIT 

8 81T 

Jb t3.' I 

'll a t 
~ . ..i t.l 
~ Co ... 
l' ... LL 
0 u. IU 

.J 

i .... 
.... - 0 
.. Cl £:: 

I~ AU 

"" l 
~ 
u 
~ 

0 ~ q 7 s •• n .. 

Flcl D ~ 0 I 2. .3 

B'r'T£_'S 

l.A.J or·[) 

Rl6N T JU S] I I;· ..,... N 1B,;;;·t. [::. 0J ce-RO l. ~l=T 

'• , , I ., ., 
,. 

" 
,. 2 " II , .. ,, 3 ., II 

J 

' 
(,1 . l\.l 

.... 
FD<o .. '1/ 

"' 
.).... 

to- "4'..'.! 
> cu ..... 

~ 

1. 
<__s- Nore.! Tit€ 6 VA.Jclsco coog.s IH?. c. 

~ 

J 
V\ 

\.-. 
() 

~ 

0 
Q 

c 
~ 
lJ .... 
~ ..., 
f' 
t-
a: 
::: 
... 
..... 
~ 

'!:1 

It e-s cave p r vtt. FvtTLA 1ee fA .se-. 
T11e 11< "<:. 7f<.)IVS S/fdVt..0 ~()j IS e 
~E"LIED u,0011.,1 • 

P/:.~, c:::~ l'f 

IS" 

I?. R.I T .S. 

" t. 

" 
,. 

" 



yARlABLE FIELD WIDTH OPFR~TtONS 

------·-----------------------~ 

To cope with a variet~ of eontrot oriented, d;te manlPut~~ion 
f!.unet l ons MC2 Is eq" i r°)pecf with ful"'lct i Or"S wh I Ch cen be SPP I I ed to 
varteble width f leldSe Four or eiont blt fields C~l"'I be operated uPOn 
inde6el"'ldenttY of surrnundtng ~~&Ida or ~he •utl si~teen bft w~~d e•~ 
be -~enjPutated tn o~,.ettel. Fletds · 8re at toned on bl~arv. bit 
bOUnderte• and both t~elr position end wtdth ere sPeciiied bv t fOU~ 
btt, Fteld oescrlPt.tnP"I fFD> tn tko1e tnst,.uetions w~ieh ocHa.-ate 01'\ 
variable fletd widt~~. The fotlowino it lustr~tion deteits the 
encndll"'lg scheme for ~!~Id wtdth spectf ie~tton ~n~ the diffe;ent 
~drlressin~ modes for snnc,~yln~ field Dosittons. 

. .. 
Fleld wldtks oth~r than t'"'e baste fou~ proeA19ed by MC2 e~~ be 

conveniently "1antPulatpd throuq'"' ~ combination o~ twt) or tl-\ree 
instructions using t~e hardwired Field wldt'"'' as bul trlinQ block~, 

~ONT~OL.TRANSFFR FUNCTT0NS 

~~--~--~---~~-------~-~~~-

Tnere are four 1nstructJons ~n tke control t~a"lfer or~UPI 
Condttlo~el Br~nch/CBR, tnde~ed Br~nck/1BR, Subroutine CettlCA~L .. 'nd 
subroutine Return/RTN • These Instruction~ modl~y th~ lnat~uetlO~ 
Pointer reatster <P>• thus morll~Y the seauentlal n~ture of a c~oara~. 

.... .,. "' " .. 
The CBR al"\d CALL'"'' t I trRnsfer control to etnv toeetlo,._ wt th I~ tne 

256 word current PB9P (fP + l> <018> est oisPl~cement), This is the 
d~r~et arldressln9 mode. An tnri~rect ed~~esttng mode is avalt~ble 
whtch Dermtts control trRnsfers to sny storege 1ocet~~n. rn ihis case 
the dlSpl.a\cem~nt select~ the tocatlon in ·the eu,.,:.e"t Peoe w~ich 
cont~lns A fut I sixtpAn blt addr~ss to ~~s~ co"trot· to, Note that 

· stnce P~l ts used to o~taln oaq~ adrlress, a ~RR o~ CALL in ihe talt 
~o~d o~ e page actu~t Iv uses the next seQuentia1. P~Qe. Addressina ~or 
the I~R instruction Is ~ccomot I shed by add~nQ the selected iietd to 
the Instruction PoJntpr Plus one. Tkis i~struetton elwavt tPeeiitas 
indirect addressing. ThP ~R lnstructio~ translers control to the 
address contained in t~~ soeclf len reqfstor. 

.. 
nec~use of MC2•s control 1er ortentRtlon, t~@ storage scee•s 

jnstruct~Ol"\S ~ave been ll~lted to two: LORd and Store Reotster. AOt~ 
tnstructlons on1y Acee~~ word dat~. Tke d~t~ ecce11 instructions esn 
sPeeilv post-lnde>".fng uslnq eny of tke ei~t-.t lf"\terf"\at reoisters. The 
wcrd 101 towin~ tne to~n or 5tore instruction col"tain1 e ful I 16 bf t 
~ddress, If thP lnnQ fnrm ls sPACl~leri, 

PAAE 15 



~ 

n 3 4 5 7 8 11 l~ lS 

------------------------~ I I I 
I 0 I 0' N] 

I 
I FO 

I 
t N::t· t 

R c N 1 , 1 = R r N ' 1 A P c !\i? l ~ c; F~ > 

st~tus f", 0 n(")t Vf11 id 

ANO 

A $~feet~~ ~teld fro~~~~ r~q!$ter 
sue~if lerl tnte-,.nt=tl ,..,..ol~t(~r "11. 

I s I o o 1 c .a. r t y /\ r-.1 '' P ~ w 1 t"' t ~ e n t k er 

Q e q I s t er "·' 2 I s u n ~ ~ f e c t ~ rl • 

-
~ 3 4 5 7 8 11 1~ .,~ . 
I 
I 1 t 0 I N l I F[l 

Q [ N 1 l t:: Qr N 1 J v R r "-1? ) <" <J > 

. ~tatus r ··"' . . ' l"\Ot V~l lrl 

. ft SPIP~te~ ~letd frn~ "~~ r(qf st~r Is 
· re Q l st e,.. ·'11 • T J'\ P. ,.. '"'s tJ t t i ~ 1 ~ ~ t i ~ 

· unaf ~P.CtPd. 

P.'H'tf 16 

The r0sults l~~t In Re(JfStP.r Nl. 

OR 

f o C'- I r: ,,, I I y <rn n d "' i t k t h @ i "' t e ~ n e. I 
~ P. '1 • ~ t r ,. 1· J\ .. n P. Q I s t e ,.. "J ? I s 

·, 



.6om~are Fietd to ~eolst~r eMPR 
.... 

' 0 '3 4 5 7 8 11 12 , 5 

-~~--------------~--------. t 1 I I I 
. ·.t 2 . · I 0 I Nl t FD N? I 
, 1·--· ... t·. I._ .... _ 1 _. _____ I ---...... 1 

-
i RtN2] <sf> • RfNl l 

Zt ~. Lt c, o 

The sl'ecifled Internal re9tster ·cNl) ts· ·41ubtr"ftcted from 8 1ele{:te~ 
~ield of reQlster N?~ z, N, L, c, o are set based on the resutt o~ 

! th~ s~btr~ctton. Registers Nl and· N2 ~~e uns1~eeted, Notel tf 
'~ver~tow then N is romp1eme~ted to m~lntatn enrrect erithmetle 
~el~tlon o~ oreater thRn ~nd 1e~~ than. 

LOOtcel Exclustve OR R~Q~Ster l Field ·XOR 

, n 3 ·4 s 1 a 11 ~ 2 , 5 

-~---------~-------------. . t . I I . I 
I 3 1 0 I N l I F'D M~ I ·. ·~---'-'---~t _____ , _____ , 

·· R [ N l l · I: R [ N) l/.. RC N2 l < o&t 4= > 

··status .Zt N, LJ r;. o not vet Id 

A selected ~le.Id frn~ one re~lster is foQiC8f ly e~elusive OP8d with 
· .. tt-\e 1nte~n~1 SPectfted ,..~glster Nl, T~e rP~ult ts -af'ft In reoiiter 

Nl. Regtst~~ N~ ls un~ffected. 
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Peset Bit R01T 

~ 3 4 5 7 0 11 12 15 
"' 
~~~------~--~--~-~-~~~--J - ... . t - t 

I 0 111 Nl· IRlt# I N~ I 

1~---'-'----'----~'-----' 
.~CNll I= R[N2l A Not f~~c•(l5-'~I t;;)) 

~. o not v~t t~ 

. -
'\ r.:noY o~ reqlstE>r" I\'? <~'tHc;:tblY P,vtP-rnnll I~ ~to,..~d In lnt~ ... "AI 
'P"e~tster Nl. T~e h.lt Dositlon In"'' spc~r.ifted ~v tfo\e bit nurn~H?P'" ls 
c I e ~ r e d t (') 7- e ,. o • f'? f' q I ~ t F' ,.. ,.._. 2 I s u n ~ f I Pc t e rt " S t " t u ~ J s s e t b a s e d o" 
tk~ f ln~I value In NI. 

c;~ t . ~ l t SRIT 

~ 3 4 5 7 8 11 1? ,~ 

I 
· I l Ill Nl l91t# I 

Zt t..J, LI f"', 0 !"\Ot VAi irl 

!\ c o· PY o 4! r e Q i s t (> ,.. t.J ? < P n c; ~ I ~ I v e ~ t ~ r ~ ;ll ' · I <: ~ t ,.. " e rl t n -, n t P. ; n fq t 
r~'lt!\ter Nl. Th~ hit rioc;ition in Nl so~ctft~~ hy the bit numbP-; Is 
~ P. t to r., n e • R ~a I c; t ~ r t. • ~ t s ,1 n f-) f f a c t e rl ~ · '; t 1-1' t 11 ~ I ~ ~ ~ t be~ e d on tt" P. 

~lnAf v~IUA In Nl. 



Test Bf t 
.. 

·q. ·3 It 5 ., 9 11 12. 15 

~~-~~--~---------~----~~-I . I t I I I 
t 2 I 1 I Nl I B I t # I N~ I , ____ ,_, ____ , _____ , _____ , 
Q[Nll I• RtN2l A~ C2tHH11\•Btt#) > 

~tetus Zt N, LI r., o not ve I ht 

Teti' 

A eo"y· of register N2 (Possibly e~ternal) Is stored In int,;nst 
register Nl. Al I bit ~ositions in NJ e~ce~t the o~e s~aelfied bv the 
RIT number a~e ele~rPd to zero. Reqtster N~ ~s unaff~cted. stetu1 Is 
set bssed on the fln~I value tn Nl, 

complement Bit 
.. 
Q 3 4 S T B 11 12 \5 

~---~---~--~~----~~-----I t I . I I 
··1.3· 111 Nl IBtt# I N?. I , ____ r_, ____ , _____ , _____ , 

status Zt N, LI t:", 0 l"'tOt v~t fd 

A cooY of register N? coosslblY exterl"'t~~J ts 
reg~ster Nl. The hit ~osttion speclfterl hv 
foqfcalty comotemente~ <t~qaled>. Regfster N~ ts 
is set bqsed on the 11~~' value In Nl •. 

PA~E 19 
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1to;ed tn inte~~•I. · 
tne eit "umber It 
un8¥iected~ s~atu1 



-
ll 34 5 7 8 11 l? 1.5 

'II 

~-----------------------I I I ' I "4 I 0 I . I rO ·N~ f 

.,~---'-'----'-----'--·--' 
P ·:a RfN~) <Sf> 
st~tus UnAf ~ected 

~~elected fl~fd frnm f~~~sl~IY P.xtern~I> 

~"d execution contlnu~~ ~t that address. 
;'ltre Ur"l!llf:ected • 

.. 
o 3 4 ~ 7 8 Jl l? lS 
~ 

· I I I . f 

' 4 f 11 

<;tatus 

,..N.il~t~r "'~Is storP-n l"to P 

~t~tus ~~rl ~e~f ster ~~ ~re 

~ s~1ected fl~lrl from fnn~~l~IY ~wtern~t> r~otstPr ~'~ t~ ~dd~d tn P 
raqf ~ter plus o~~. T~~ ~o~t~nt ~; t~ts ~d~ress is ~~tr.hed fro~ mAmorv 
-:ind ex~cutlon cor,tinue-; ;;\t thi~· lndlr~ct ~rHr~~~. ~t~tus f'l'\d r-eQi~te ... 
"ic ~re uriaf~ected. 



MOVE rteld to ReQf ster 

"'' 
" 3 4 .. ' 

T 8 11 12 15 

-~-----------------------I . t 
· 1 S . I 

I 
Nl I FD 

I 
N~ I , ____ , ______ , _____ , _____ , 

R[Nll la RCN2l <S~> 

status z, N, LI r., o not va I t d 

'·A setected f leld from nn~ regtst~r Is storerl into the othe~ 
register. Either or ~oth of the reo1sters ~ev_be a~ternal. 
M2 i's· unaffected. statl1$ Is set bes.ed o" the flnl.91 v1ttue of 
N,l 1 

ADO Llter~I to Re9~stP~ 

--------~----------------t I I I 
I 6 ·JOI Nl I Literal 

'--~-'~'~-~-'~~-~------~' 
R [ N l] t = R ( N lJ + 0 cat LI t Pf" a' 

MOVE 

sr>aciiied 
Reaj,fter 
.-e;1ste,.. 

ADt>l 

·rne · etght bit I tte,..,._t Is zero ~Ii led tt) the left and added to the 
soee.-ifled register. Thp result Is te~t in tke registf'.lr, C1 o. z, f\t, L 
~re set based on the rP~ult. 
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SURI 
.. 
n ... l 4 5 T 0 

~--~-~~~---------~~-~---I I . I . I 
t 6 Ill Nl I Liter~! 

'-~~-'-'--~-'~--~~-~--~~' 
Rt~ll I= RrNll - O cat 1 tter~I 

Ct O, Zt N, 

. Th P- e I g h t h I t I i t e r A t i ~ 7 er 0 ~ I I I ~ d t o t he:, I n ~ t ~ '"" 9 u b t ,. tit c t e rl H" om 
tne soecl~le~ reglste .... fhe rP.Sult ts t~~t tn thr:11 rr:-olster. c, 0 1 7, 
Nt L. l'tre set b.l\sed on ti--~ resu It• 

ADD Qegister to Flel~ AOO 

7 A l.l 12 15 

I ·. I . J 

' 7 IOI Nl I F'fi \i~ ' 

'---~'-'----'-----'-----' 
J? [ N 1 l I : Q [ N 2 l < s f > + ~ f t< l 1 

.status Ct 0 1 Zt N, I 

. ... , .. 
~ select~d ftP.lrl fro~ ~n~ rnpister ts ~rl~~rl to th~ tnte.rn~I s~ecllted 
r t~ Q I ! t e r "j 1 • T h e r r:> s t..J I t i ~ I '"!\ f t l r' r P Q i ~ t -~ r "J 1 • Re q ·, s t e r -.., ;) I s 
u n ~ -F f Pc t t:!! rl • 5 t ?. t u s i s c: "' t h. :·\ ~ ~ d on t ~ e f I "' ~ t v =i I '1 ~ I n N 1 • 



Subtract Register from rleld SUq 
...... 
· n .3 4 s T e 11 12 is 

---~---------------------I' I I I I 
I 7 11LN1 I FD N?. I 

'-~~-'-'----'-----'-----' 
Q[Nll ID ~[N2l <S~> - ~[Nll 

~tatus Zt N, Lt C, n 

rne s~eeilled lntArnal reotster Nl ts subtrAeted ~rom e welected ~letd 
o~ register ~2 <oosslhlY external), Tno result 11 stored In reQtster 
~1. St~tus Is set b~s~~ on the re~ult, RAQi•t~r ~? is unaffected~ 

-
I\ . 3 4 5 6 7 8 15 .. 
t · · I I I I I 
t 8. titLIEIGt DISPl8CP~ent 

. ·'--~-'~'-'-'-'-------------~---~' 
~onditton Mets: false; ~ext 

-fl A ~I) V (E' /\Z) V MAN AZ> -> CONOITIO"I Mf.'.Ts=TRlJE 

next 

Condit lo~ Met = Tru~ -> tfI ~ o ->. P~=CP + 1> <OIA> ... t e8 

CBR 

DitPlaceme"t> 

(! I: 1 -> Ps:MEM C<P + l> <Ot8> c~t o~s~1ecement11l 

c;tatus unaf~ected 

t~ the condition i~ gt~tus Is ~et, tke br~~~k i1 tsken bv 
concatlnatlng the feft bvt~ nf P+l with the dlsPfecement. For 
:~ndirect addresstnq t~ts address Is used es nn ef,~ctive eddres1 to 
branc"" through. 

The eondittons i!llr"e ~oer-ifl~d bY the b.lts r>~ the Jnttr"uctlof"\ Reoistttr't 
Less th~n, Eaual to, Gr~~ter than, Th~ zero 8nd neoettve bl~t In 
status Are tested. ThP ~iqht conditions ~re1 Never, <, <••••>•>~, 
NOT= I Al. w A y s • 

~·ote tk~t the action tPJl<en wnen N=7=l s"'outd not be retied Ul'On, •• 
~uture nestgns may act nlf~~re.nttv. 
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cat I Sunrouttnp 
~. 3 4 _s 6 1 ~ 15 

---------------------~----------.. , 
1. q IJtLIEIGI Dl!U'.'l~c~""pnt 

'----'-'-'-'-'-----~------------' 

fL/\N) V (EA Z l 

C r·1EM co c~t Sl 

v 

. -. -

-c ~ A ti A z > 

~ext s:= s + lt 

'\O)(t P.(0] I : P + ) J 

. J = · 1 - > ( P I ~ ~4 EM r ( o + · 1 ) < o : ~ > c ~ t o I s o I ,... c P. ""If' n t l > ) 
~tatuS Un~f (Ccterl 

Jf the proper cnnditi~" tn status I~ met thq" t~e CnLL 
fOf I0"1S: 

the. erlr1rP-~s o~ 

~~e $t~ck. <~+11 

tor,...., an ~rlrlress. 

th" ... I°) "tit c;? r1 tJ ~ n t l A I ' n s t ,. ' Ir' t t f)" ( 0 + l ) i s 0 u ~ ~ e d ;, n t 0 

<o:r\'!- i~ C'>"'c~tt?l"l~t~~· wt t~ thP H hlt disol~cement to 

·~rir Indirect ~ridres~i~n t~P r~ntent of ~pM~rv ~t t~I~ edrl~es, II userl 
~s ~~ effPctivP ~drlr~~~. ro~tr~I t~An~~e~s t0 this ~flecttve addr~~s. 

PA~E ;>4 



~omp~re RPQlster to Llt~r~f eMPRI 
. ?. . 3 4. 5 1 ·8 \5 

' -~~--------------~~--~----------
' I I I I 
t. A. IOI Nl I Literal I 

•--~~'-'-----'-------------~----' 
~t~ll • O cat Literal ,. 

Status Ct O, Zt N, L 

The eight bit 1tterel It ~I! ted wltk %ero• to the loft 8nd 1ubtr8etad 
rrom th~ speclf~ed tnt~rnet register. z, Nt Lt o, c are set besed on 
.t ~ e r El s u I t o f t n P. s u ~ tr a c t ., on • Ra ~{t s t e r ~ H I s u" Ft ~ i e e t Ad • No t e i X , 
ov~r~low then N IS eom~temented .to melntal~ correct arithmetic 
~elation nf greeter t~~~ and tes• thsn, 

·PUSH REGISTER ONTO ST~r~ 
.. 
~. 3 4 1 8 11 12 i3 15 

---------~-~-~---~-~-~~~~---~ t I I I 

t a. ' 0 ' I 0 I ~.12 

j----'------'---~-'--'-------'· 
. ME M ( 0 C AT S ] I : R [ i"i 2 1 I ~1 F" X T 
~:= s + lt 

status unaffected 

• rntPrn~I ~eglster N2 i~ stored In memorv at the foc~t1on p~fnted t~ by 
tr.e ~register 11.e., "'"~i-.ert onto stAcl<f. Tne s r,.gistar is tken 
1ncrAmented. Register ~2 and ~tatus are unAijecterl. 
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I I I I I I. 
.1...:f{~~ ,.- .. I .-· - "i ·- - • , · 1 . ri ·1 - ·- f.J ~ · ~ .l -

·-~--··-----'-----'--t _______ , 
· P : : R [ N2 l 1 
~EfT S1= S • ll 
~.J f;: )( T ~- ~ [ N ? ] I = M [ M C f' C A T S 1 

<;t~tus 

Jhe_return ~ddres~ on t~n top of the ~tee~ IRCN21l 
rc91ster. The st~ck i~ P~~o~rl. 

-t !t Pf eced '" th~ p 

,.ot~ t"'at a return wl 11 riorrn~l IY USP. ·~rnJ unt 0 c:c; otne,. ~ct lo'"' It; 
~XPllcltlY desirerl, Si~~P both Cc'.111 and tntPrru~t 1a~ R[n] as TOS·. 

·!'"!DD carrY to ~Pg Is tc·r f\QOC 

3· 4 7 A 11 ]~ 11 lS 

I I I 
• fl 2 I 2 I 0 I 

I I .. ~ ...... I -----~ ... 1-.. - .... 1 ........ ' .... ~ ............. I 

TEY P : : ST I\ TU 5 < 2 > J f-1 f'. X T 
f-'(M~] l: .RCN2l + TFYF>. 

~tAtus 7 , . l\J , L , c , f'· 

T"'P v.::ttu~ of t~f:~ c,-,rry t--lt l~t-=.tus <~>> Is t111t:-t,..c,... t,., fntPrnfltl ~e.0·1~ter 
!-1~ ~nt"f the result i~ c:t:~rPri 1n re~t~tP.r N?. St~tu~ I~ set b~s~,.., "" 
tt-\e ,.Psu t t. 



CMPL 

-
Q T 8 11 \2 l1 15 

?~---~-~-~--~--~-~~~-~~----~--.,_. . ' I f . 
I B 3 . I 0 I 0 I N2 

'----'~~----'-----'--'~-~----' 
RtN~.3 I: NOT R[N2l 

Stet us ~. O not v~I td 

The ~elected internal rp~lst~r is one•s eoM~lemented (btt by ~lt>. 
~tatus z, N, L set o~ nPw content of N2, CarrY ~nd overllow bits In 
!tetus are INVALIO. 

NEG· 

-
~- 3 4 7 8 11. 12 l~ 15 

· t I I 

I ~ I 3 I 3 

'----•------'-----'-~'-------' 
RtN2] S: 0 - RCN2l 

~tatus 7.t N, Lt C, n 
-Tke. tntornat regl$ter is rcot~ced bY Its two~s com~t~me~t. stetus Is 

set. bes~rl on the resu 1 t. Note tnat ov~r I'"'"' t t SP.t n"" I y w~en 
~tt~mPt1n~ to t~ke the two•s comPteme~t Of Bnoo Cmost nenatlve number> 
due to the nsv~mctr1c r~nge. 
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.• 
n 3 4 7 ~ 11 l? l1 15 ... 

I 
l 8 4 I t'l I 

··---~-'------'-----'--'-------' 
RCN?1 <nlR> J: ~~ 
R[N?l <a:e> := G~RGAG~ 

T h ~ I e ~ t ~ y t e o -F f n t ~ r· ~"' .2 I r 0 p I s t er ML.> I s I n ~el P. d "' i t n <~" • 

3 4 7 A 9 lfi 11 l~ 13 15 

·1 I c Ir I 
I 0 I 5 I l I r t c; I r- f I'·~ ;> I 
'---~·-----1-l_ly_tt_! __ l _____ I 

5 T t-. T l.J ~ < ~ > : = P { '·' !:., ). ~ 1 ~ > c n ex t 

( rJ [ ''I ? ) < ~1 ) : : Q ( N ? l < • ~ - l , ; !" P >t t l 

H-' <lOt?.> = 00 -> ff~:N~i < (j ') ·-4 .- 0) 

TP <10:2> = 01 -> ( ~< [ "' ::> , <O> . -. - StCttus <?>l<< nu) ~ r ~·;:q 

n~ <l 0 H» = 10 -> CRf N~l <O> i= TEMP) <<nLD C UH?Y'>> 

. T~ <10:?.> = -> (R[N=-'1 ~n>: = l> 

Stf"ltUs z, ~I I Lt r. ; r. nnt VAi fd 

STRA 

<15> >> 

!h~ selected lnt~rn~f rrol~t~r IS shifted rtpkt one ~It. ~It 15 nOP$ 
Into CArrY. ~It 0 i~ Fl I IP~ with 0 1 Rlt 1~, OLO C~rry, nr t. St.•tUs 
7 1 N 1 ~nrl L ~re set oR~P,.~ (\n no"' v~lue tn "'~• 



LOAD Re9lster A~se LORA 

-·n 
" 

3 .. 1 a 11 i2 t~ 15 

I . I I I 
f B 6 f FD I 01 N2 

'~-~-'---~-~'-~-~~'--'----~~-' 
RB I~ [RtN2l <s~>l <0~~> 

c;tatus 

! he r:? B r, e q I s t e r I s I o a rl f) d f ,. o l'T'I t n e •Joo er b Y t e o ~ A s Et E c TED F t EL o o F' 
I n t er" e 1 reg I s t e,.. N 2 • status and ,. a g I s t er t,! ~ are ur·H~ ~ ~ e et e d, 

SHIFT ~eglster Le~t 

-n. 3 4 1 a 9 10 11 ,, 13 1s 

I J ,I IC Ir- I 
t e 7 I l~lr lo I, n! N2 I 
1----'-----1-l_IY_l,t_l __ t _____ I 

Tf.MP Ir: <STATUS> <2> Jne><t 

status <?.> pz R[N2} <,.. ') I r1 t )( t 

For M = 0 steP 1 until 14 rl<." 

(FHN21 <M> . - R[N~, <'.1 + 1> ' f'e>ttl . -
, IR <1012> = 00 ""'> (PrN?i <lS> t• OJ 

JR <10:2> = 01 -> (R[N='1 <15> I= Status <2> , 
tR <10:2> = 10 -> CR£~_,, <15> I :a Temp> 

tR <1012> = 11 -> ( ~ ( N!'> 1 <1s~ :s i , 

z, N 1 Lt CJ n not val Id 

Th~ selected Intern~! ~P~lstPr is shifted l~~t on~ b~t bv addina it to 
itsP.H. Rlt 0 gOP.$ il"'ltO C~r"r"Vt Aft 1~ is fllt~--i wit~ o, Rit o. OlD 
~ar~v. or 1. Stetus z, N, L are set based on tke ~~w vstue in N2, 
carry 1s ln~cied wltn mnst ~lgnlftc~nt btt fO) oi tl-\e orioin~t· N2 
vnlue. 
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LOWJ. 

~ J 4 7 B 11 12 ll 1~ 

~~~--~-------~----------I I I 
t t· t 8 I r. I N~ t , ____ , ____ , ____ , __ , _____ , 

LTTERt\L 

'----~------------------' 
z: ME~ (P + \Jr ~~wt 

p : :: p .... 1 ' 

-~tatus 

, -
ThP, WC\r~ fOl lowln'J tlr-P ln~t,..ur.tlon (~,. rJ+\) iS lt">f.\rled Into lf"lt(:rnril 
r~alster ~?. P Is 1ncr~m~~ted ~n ~xtr~ t1~a to skin the llt•r~t. 

POP 

'! 3 4 7 8 11 12 ,~ 

~---~~~~~~-~-~~--~~~~~--~~~~~ 

t 
f R I fl I 

'~~--'-~-~--'~~~~~'~~'~-~~~-~' 
·~ := s .:. 11 



LOAD Register from Memn~v 1tono lo~m> 
.. 
Q 3 4 5 7 8 11 12 1~ 15 

---~--~-------~---~~-~~~~~-I I I I I I 
I C f 0 I Nl I F'O I X t N2 t , ____ ,_, ____ , ____ , __ , _____ , 
' '. AOD~ESS 

LOAD 

'· 
fH N?] I= MEM t Mf M r p + \ ] + ( )( II 0 .. > 0' )( ai 1 .. > R [ ~11 , <sf> , J I ne)( t 

p t= p + ll 

status 

The word joltow~ng the instruct~on <at P+l> is used ~1 A~ edd~ass~ I~ 
inde~lnq is sPecl~lpd then tnP selected fteld of lr"\t•rnAI reatster Nt 
ls added to t~e ad~ress, The content o~ the effective address Is 
1etc~ed from memory ~n~ IOAded into the seleeted tnternef register N2, 
~1 . and status ere unnf*ected. P Is tncr~~~"ted en e~tre ttme to ~kfp 

· ihe eddress word.· 

-
~ 3 4 5 1 A 11 l~ l~ 15 

I I I t I I I 
t C I 1 I N 1 I FD I 0 I N?. I . . . 

'-~--'-'--~-'----'--'--~~-' 
R ( "'?. l 

c:;tatus 

. -. -

LOAOSH 

r~e ~leld extrl'lcterl ~r(vn lnt~r,,al reols~~r Ml It ~ted a1 an adt.'fr~ss 
Into rnemorv. The cor"'to~t of tt'\ ts ~dciress I' I o~rlorl t nto t"'~ sPee i.~ i Cd 
internet register N?. 
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STOR 

R 

I',- 3 4 5 1811.12_1~ 15 

~---~----~~-~-~~~---~----~ . a I 
I n IOt Nl I ~n I XI , ____ ,_, ____ , ____ , __ , _____ , 
I 
I, .... ~- -· , .. - ADO~ESS 

,.,, r f1 c ,.., E' M c P + l 1 + < x = o · - > o i x = l - > R r M i J < s f ~ • 1 1 • R c N 2 1 , ,, ~ )t t 

P I: P +lt 

~tatus 

Tne worrl ~ollow.1no tn~ fr"lstrut:tio,, <~t P+l> i• us~-i ~s l!I"\ eddf""ess·. tf. 
!ndexlnq Is sPectf fed thP-~ the setectP.d 1i~1~·~f tntPrna1 regtstP~ N1 
fs .qrfrfed to the eddres~. This· !;elcted lntP-rf"\~t r'e.rilstP.r- Nit Is stored 
into ~emnry ~t this eji~cttvP ~d~ress. Nl end st~tus are un~iiected. 
P 1s tncre~P.nterl an ~xtrA tt~e to sklo t~a ~rldrP~~ word. 

STORSH 

... 
~ 3 4 ~ 7 b 11 12 l~ 15 

I I 
t f"\ I l I N 1 I F'n I n I 

'--~--'-'----'----'--'-----' 
l\OD~fSS 

The iielrl extrActed ~,..,..'" ·1ntf!l'"n~l r'P.,.,isteir- "'l Is •n~<'i ~1 en sririr-P.Ss 
tnto ~emo~y. The ~ontpnt nf lntern~I r~~•~ter N? lt 1to~eri into thl~ 
~ddr es s •. 



LOAD RegJ.ster with AYtP LltarAI 
n 3 4 7 a . 1s 

LORI 

-~~--~-~-~-~---~----~--~--f I I 
t E J Nl t Ltteret 

'--~-·~----•-------------'. 
~[Nl] l= 0 cat LITERAL 

status z, Nt LI ~. o tnv~f Id 

~he e~aht bit titer~t ls ~I I JPd with zeros to the t~ft ~~d stored int~ 
the sPecl~led register <nossl~ly external>• Statug 7, N 1 L era set 
ba~ed on the t lterai, 



APPENDIX A 

Informal Description of ISP Notation 

The notation used throughout this description is ISP (for Instruction 

Set Processor) developed by Bell and Newell 1 for the formal description 

of computer instruction sets. The following table identifies the symbols 

used and their interpretation. 
' 

Symbol 

·cat -
- V A $ 

+ := 

a:=( •••• ) 

a+b 

· next 

a[i] 

b<n:m> 

a/b 

Interpretation 

Concatenation operator 

Boolean operators 

Arithmetic operators 

Relational operators 

Data.trar:isfer 

Equivalence or substitution process used for 

name and process substitution. For every 

occurrence of 11au substitute"( ••• )" 

If 0 a" then "b" 

Sequencial interpretation 

Array selection. Select the ith element of 

the array i. (a[i:j] selects sequential 

elements i + j - 1) 

Field selection within word. Select the field 

starting at bit n, width = m (most significant 

bit is zero) b<n> selects a single bit. 

Abbreviation. "a" is an abbreviation for "b" 

[lil . Bell ,C. G. and A. Newell, Computer Structures: Readings and Examples, 
McGraw-Hill , · 1971. 

[2] Barbacci, M., Beil, C. G., and Siewiorek, D., PMS: A Notation to 

Describe Computer Structures, Computer, March 1973, pp 19-24. 
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INSTRUCTION Tl~ING 

·'\ND 1 + R2 • M LOAO 12 + ?.M + MO 

r1R 7 + R2 + M LOAOSH l () + ~ ... MO 
.. i .. 

r1.1Pr~ 7 + R? ... M LDWI fl'. " ?. t'1 

'(OR 7 +.R2 + fv1 STOR \? ... ?.~ ... MD 

~RIT ., ... R?. + ~1 STOf1$H 1 n + M + Mf\ 

SLUT 7 .. R?- + M PUSH 7 .. •• + "m 

TBIT 7 + P.2 + M PHI Q .. ;.~ ... MO 

C8lT 7 ·+ R2 .. M POP (4. ~ ~. + ,.~n 

. " - ""'h~-- --

f'K (:, ... H2 ... M Nf G ,... 
~ 'l 

tf.\R 10 +- f.(~ + ?M . CMPl .. ~ .. ~' 
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