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Tr,is manual provioes the user with all the ir'1for!'f1:1tlon reauired to 
write, a~se~~le, debug ano exe~utemlcrOprOgra~3 on tMe LSI·l1, This 
fac111ty is provioed cy the w~1teable Control Store (~CS) hardware 
(~U~ll option) in conjunction wit~ ~1croprogr~~ming 9up~ort softw?r~ •. 

Chapter 1 pr~vide9 an introduct1o~ to m1croprogrammi~g the LSI"ll. I( 
d1s~usses mach,ne-m~croma~h1ne relationships and su~o11es an iniroduc· 
t c r' v 9 los S Cl r Y 0 f i (;f P 0 r t i~ 1"\ t d e f ; n ; t i 0 i"1 S • 

Chaoter 2 is diviaeo into twO p~rts: LSI~l~ machine ~r~hitecture and 
ope rat i "i! ~ r r· e f ; t" <1 t: 0 a ,.. t ; S d r~ LSI... 1 1 f a Ii1 i J y h a r d Vi are {) 'I e r v ; e 'If a ti d 
i~ t~cluaed forcOMpletioAo The new lSl~11'us~r can gain a oasic s~s~ 
te~· understanding from this,· but shciUld refer· to ~h~ Mtcr~Computer 
H a r, (1 bOO i( for a m 0 r e c 0 (:1 i:; 1 e t e <.1 esc r ; p t ; 0 n • f h e sec 0 n d p a I" tis r e com ~ 
m~n00d "reading for al 1 LSI~ll microprogra~mers becaus~ it. i~trodyces 
control flo~ oiagrams-whicn e~plai~ the trahsfer of control between 
t ~ e L.? I .. 1 1. Iii (j C hi ned n ,j .r" C rom a C f"'l l n e ~ 

Chapter 3 fol lows the same organization as chater 2, but concentrates 
OM the lSI~\l ~icrom~chine. The first p~rt covers tne LSl m l1 micro 
p r c, <:: e s. s 0 r· ~l S , ITi P , 0!'fi C f! t e '.j i nth e con t r 0 1 and <::1 eta c h 1 p san d a eta·i 1 s 
the~r internal organi~a~io~1 The second pari des~ribes the mtcro~a~ 
chine operation and its relationshi0 to hig~er level· machine . ope~a~ 
t ; 0 r. • .. 

Chapter 4 presents the LSlul1 ~icroinstructton set, orga~ized on a 
fun6tionalbasiSt The 6hapter also contains· a detaileo e~Dlanation of 
each microinstructio~ alo~g wit~~n example c;0tainin9 ~6sembly . ~neu~ 
rn O· n ; r.... .~;j \!"!I (" I;' S !;. " f'!" l"~ 11 c.\.""! '"'"' C '/." ~ 1 ,e;;. ;"""\ i J l' \.1 -I 1 .e n t <:: .. .. " ...., y ....., .. J .,l "'. "'"'" \,..> '...... '-.J!' ~ 'oJ" '" .... J j l.::1 \",~ ,.~ Y... .; ~ ~'" .. 

Ch~~ter 5 co~centrates O~ thO OATA ACCESS group 0' microf~structions 

and provides aeta 1 15 suffi6ie~t to 0Ccuretely jeter~lne th~ execution 
t;rr'es 101" rniCr*Cpr-ogI"'B'nr,etj lID ·t.rd~s:,etionB~ 

Chapter b cr~sents the LS1-l1 writeable Control 

relationship to the LSI-il microprocessor, 
the"data buffer ana control/status registers, 

store herawure and tts . ". 
The discussion includes 

Cha?ter 7 det~ils the miCroprog~amm1ng support software, p r tncipa)ly 
the ~ic~oass~mcle~~ Also discussed are the ~CS loader a~d dump rou~ 
tine~· r~e cnapter concludes with A aiscussion of how to fOrm a~sembly 
m~e~o~1cs f~r user oetined machine i 0 struct1 on S, . 

C h aut €} l" d di s c U S $ est e c h r'l .1 q u € S .'\1 h .i C h may b e use d t. 0 

gr3~S 3~d furt~er e~olains the e~amoles presented 
also cO~tains longer exam01es as well as 1n+or~ation 
lacted oort1ons of the ~SI~11 console ODr microcodeD 

ChaPter 9 certainS i~formation on 
Ch0Ci<OUt" 

wcs rrclljule 

write micropro'" 
in Chapter 4~ It 
on how·tO use se-
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CHAPTEr< 1 - -

1.1 (;ENE~AL 
.. - . 

This chapter provides an introductio~ to LSI-ll, PoP-11/03 micropro­
gramm)ng~ Section 1.8 lists other doCUm~nts ~eference6 by this manu~ 
al. 0ith tne microprogra~ming facility, the user ~as' access to ne~rly 
all tM~ re$ou~ces and tech~iques used i.n implemen~ing t~e LSI-II ar~ 
chitectLJr e Hi fOlJr LSI (Lorge'Scale InteQration) ci rcuit chips" - 'In 
~CC(~pt'ng· ,th;s cegree' of programming 1re~dorr;, the user alSo assumes 
nel-""i' respons1bilities. The' benefits and demands" 'of 
use r =! Til ; ere p I" 0 9 r a ;"f' ITl ; n gar e CJ , s C l.J sse d ; nth; S C hap t e r tAl 1 r e q u ; red 
supclementary 0~tail ~s'conta~ned iri th~s m?nu~l. ' 

® 1 () 1 i) 1 L S r .. 1 1 I POp .. 1 1 / 0,3 1-1; C r 0 pro 9 ram!'1' ; n g F eat ~J r e $ 

1. ·LS1.l1 microprogramming is imolemented by a wr1teable control 
~t6re module in con~unction with ~1CrO~rog~a~m~ng ~uppOrt 

4. 

The adait10n of the ~CS mOdule claces fully one halt (1024) 
of the total (2~48) control stbre locati~nsaddressableby 
th~ ~;cropro~esscr at the d;spos~l of the microprogr~m~er' 

The Ticrcpro9ramming support softwdre includes a microassem~ 

b1er, 'contrOl' store lO(,Hjer dl"d oumper, and a MiCrO uctal De­
bugging 1001 wh;ch 131 'o~'Js simultaneous deb\Jgg;ng' at the' ma­
c~in~ and microm~chine levels. . ., 

The microprogra~min9 support software also includes the micro 
eooe which implements t~e ErS/FrS machine instructions t The 
user may sel~ctively include portioni' of this microcode -in 
the f 1 n ale 0 r"l t r 0 1 s tor e 1 0 i:) d rr. 0 d IJ 1 e , t h u ~j com b 1 r. '; 1"1 ~1 the e x -
1st1ng a~vantageS of the fam~liar extended a~d f~o~ttng POint 
machine ;nstr'uct,ons with user' ces;gnea ir,str~jctions. -. 
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~. LSl·l1 micropro9ra~minq combines t~e simplicity of vertical 
microinstruc~ions ~ith the indiv1dualbit.control of horizon. 
t a '1 m ; C r 0 ; n s t rue t ; 0 ,., s • The e xi 5 t ; Ii g b; to - con t r 0 1 f ; e 1 d sup • 
ported by the C~U m1cro~achine is expanded oy two additional 
bits with the addition of the wts module, Thi~· n~~ 
bit-Control facility is also timec with respect to the micro· 
n': a c h; n e eye 1 e ,. t Ii use n g b i ; Ii 9 h; 9 her c" n t I" 0 1 rates and l'I'! 0 I" e 
~ccurate ~ontrol tining than can be aCh~e~e~ Wi~h normai 
~Si-l1 SY5~em bu~ I/U 6ontrol. . 

6, The ~CS ~odule is equipped with a 16.~ord recirculating mi­
croloc~tion trace buffer whic~ ~idS in microprogram deb~g· 
ging* It cOlita1~s the last 16 ~ic~olocations placed on the 
~icroinstruCti6n 0us. 'Tnis haroware' feature i~ utilized by 
MOOT to diSPlay the last 16 microlocat1onS accessed prto~ to 
a user-specified aump-point,' - - . 

, 
Figure 1.1 con~ains a simplified 11 lustrat10n Of the LSI-l1 machine, 
The lSI ... ll· f'l'\achil"le e ncornp<3SSeS the prOcessor, main stOre Or memOrY" 
and the"incut/output device~~ These three main components are iAter­
con~ected by t~e LS l·l1 sYstem-bus~ The LSI-l1 pr6cessor ~$ 'realized 
by a ~icromachine ~hich-contai'ns a (m1cro)p~oc~~sor element~ a storage 
ele~ent (c6ntrol st6re), an~ ex~e~nal 1/0 cd~abi'1tY.·The ~icrop~~­
cessOr is-implementeo with t~o chips ~cal1ed ~he Data c~i~ ana the 
Control chip),' fhe 0ata ch10' co~t~ins tMe Arit~met1c LO~iC Uni~ 
(ALU), t~~ ~egister fil~, and provides ~onnect1o~ t6 the 16 t1m~ mul. 
tiplexed dDta/aadres~ 1tnes CDAL), lhe Control ch1pa~b1traies all 
sYs~e~ bUs transacti'ons 3~d det~rmi~es ~he ~icroinstruction executio~ 
sequence. The structure of the micrOprocessor chip set is presen~ed 
il"'\ oetai 1 in C~aprer 3." . . 
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The mtcrotrstructions are stored in a control store consisting of one 
or ~o~e MICRUMS which orovide non-alteratle, non~volatile memory, Th~ 
t e r m j'l 1 C ~, u t·; i s a 1"1 a c ,.. 0 n y m for i11 C roc 0 ~ e' Rea d "u!"! 1 Y " Me m 0 r Y • r nth e 
basic (51,11 processor, the MICRUM control Store contains microcode 
whi~h perfor~s 2 functions: (1) PDP w ll emu1at1on and (2) co~~ole OUT~ 
Whe~ included on the processo~, The KEVil EI~/FIS option e~cands ~he 
control stOre to su~pOrt the extended ana floating p01n~ mach~ne in~ 
strl,lct;ons,' ., . . 

The Writeablp Co~trol Store is connected to the micromachi~e via a 
cable/plu~ assembly (which replaces the KEV1l 6ot16n i~ ~he th1r~ MI~ 
C~O~ socket). rhis gives the wcS mOdule access to the miCroinstr~C­
t~on bus whic~ is the "internaf nus inte~c~nnecting all comconents of 
the ~iCromach~ne. The wC~ then may be accesse o by th~ ~icroprocessor 
i nth e s a if'\ eta s h ; 0 Ii a 5 -- -3 H 1 C r~ 0 ~l • The tot ale 0 iI t ,. 0 1 s to,. e '1 0 eat ; 0 n s 
addressable"by the ~icr~processbr is 20~8. The PDP-Il emulati6n and 
console UDT microcode requires only 102~ locations; or-t~o MrCHO~s. 
Tne wcs moo~le ~uppltes the remaining 1024 eont~ol stOre locations and 
these- are totally under cont~ol of the LSI-I! microcrogrammer. the 
WCS memOrY is loaded an(j dumped via ; t s LS 1-11 - system bus i nte ",face," 
whi~h consi~ts of nor~al ~ont~ol/status aAd aat~ buif~r reg~$te~s." 

The facility of user micrOprogramming affords a heightened degree of 
contr;' over machine operationS, The user can create new machine tn~ 
s t rue t i 0 I" S ~~ n ; c h may b e' II s e (j i r"\ the - s a Tn e man n era s m e rn b e r S 0 f " the 
Ltir-11, PDP-l1/0"3 machine i~struction set~ !he fol lowing caragraph~ 
identify sp~c~fic areas in which us~r ~icroprogramm~n~ ~s beM~fic1aT, 

Many arithmetic calculations are characterized by a conciselyPdefined 
algorithm which -is 6ften re6eti~i~e'in nature The" exe6ution of the 
"' , " , 

routine fOr SUCh an algorith~ nOrmally recuires many machine instrUC-
tion fet~heS ~~d oPerand aaore~~ C81culations.- If"t~e dlgo r 1t hm is 
suitable tor micror-ogramming it can be implemented i~ m1croeode' which 
is then executed in-' r~5ponse ~o a sin~le, user~defi~ed ~ach1ne ~nq 
struction_ ThiS approaCh el1~i"ateS the mUltiPle maChine inst~uct~on 
fetch oper~tions-because control re~ains enti~ely within the micrOMs· 
Chi~e U"t11- t he routine is ComPle t lY eXecuted. A QOOd ~xamPle of ~he 
improvement available in ~his area is the KEVIl ~lS/Fl5-oPt10M. The 
E1S/FIS octi on contai~s m~crocod~d ~outines for"the ext~"ded ~nd flo~ 
at;n9 ooint mdch;ne instructions. Upon e~ecut;on of a sirgle machine 
instruction, FD1V fo~' examcle, Control is transfered to t~e ap~rop~i~ 
ate startint:.-'point if"! the Fr~ microcode. ~hel"'t the routine ~as-terrni· 
natEd, control is ~eturned to the LS!·11 emulation microcode ~ontaiAed 
in the 2 standard m1cro~$. The' speed advantage realized by the 
EIS/FIS microCode ran~es from ~ 3'to 10 times impro~e~ent over ~omP~r. 



able PDP~11 macroi~struction routines, depend~ng upon the instruction 
e~ecuted and the operand values, 

e 1,2.2 ~"'i t,ic:a1 IY-Timed Inout/Outout ?nd ~ontrol oper~t;or,s 

The rate at whic~ real-time input/output (1/0) operations can be Per­
forme~ d~pendS on t~o factors: (1) thespee o of ~a6h1ne ~nstruct;on 
eXebution a~n (il the t1m~ aela~S a~Sociate~ with ~he' L~1·11 s~s~em 
bus~ The mtcrocrogra~mi~g fucility allows th~ user to write'special~ 
izea 1/0 routines for"executibn in mi6roC:ode, In th1 5 context,' the 
user' employs the "data" access" group of microinstructions wh1ch are 
discUSS~d generallY in-ChaPter 4 with detaiied e~planat1ons in t~apte~ 
5~' ~uffic1ent' inform~tion i~ provided' to allo~ id~ntifica~16n of 
wMere·'tt,f~ bus CH:~lays occur', AlthoUgh it ,s not'PoSSib1e to e';min~t~ 
the ti~e delays caused Oy the system ous, ide~t;fi~ation eoup"~d' w~th 

the uSe of ~icrocOde c~n ~a~e the del~YS manage~ble. 

User~written microcode can make use of a special field of 4 'TTL eon· 
tro' b~ts w1~h1n the 'm~croinstructicn. ,Of th~ 16 possible sta~es en­
cOd~d i~ this f~ela, 8 are Dresen~ly used' to cOntrol th~ LSI-l1 system 
bus logic, w~iCh inter~a6e$ between the system Pus and tMe 'mic~oproces~ 
sOr chip set. The oth~~ ti states are available fOr user'~defined fU~C· 
tionS, ' The 4- bits from this ~icroinst~uet1en field appear en the 
L$I~11 module fingers as does the tn1rd ~hase Of the ~icr6cycte cloc~ 
( P h j ~i)" The s e' T 1 Leo!"'! t r c 1 bi t sen a b 1 e the m; C r 0 pro 9 ram rr, e r too r (, due e 
h~g~ rate control signa)s whi~h ~re timea w~th' resp~ct to the mJcroma~ 
Chine CYCle. 

In addition to the4 control bits (MI<21:00», the ~Cj mOdule stOres 2 
ext~a bits (Ml<23:22» in each control store location: These two bits 
are available: as S;91\a15 directly on the LS1.lllll~' SyStem bac k P,la nean d 
may be us~d for any u~er~aefined purpose. The high~order-bit (MI<2~>~ 

is alSO uSed to control the mtcroiocation trace bUffer, 

~ 1,2.3 Data ManiPulation and Relocation 

~ 

~. 

, .. 

The two microprograms discussed in ~ect1on 1,6 provide additional ex· 
amples of r.otent;~l applicationS, . The 'fi rat examPle 'pr~sents the ~i .. 
6ro~rOgram tor a ro~tine ~hich cushes all' processor' registers (R0~kS) 
ont6 the $tac~ in resPonse -to one maC~in~ instruction_ Foilowtn~ 
whi~h t r1e rel~ted fun~t,1ol"'l of 'popping 13110' reqisters is p'resented; r 

The seco~d example is a block move operation,i M whiCh the arguments 
... . - . 

reQuired are ell the starting address of the block to be moved, 
(~) the startin~ adareSS of the new bloCk loCationl a~d (3) the bloCk 
length. The ~x~cutton time saved 1s,or6cort1o n al to the block length~ 
be,~use m~chine 'instruction fetches are eliminatea for each word 
moved, 

,.'l' 
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INTHODUCTION TO LSI-ll, POP~11/~3 USER MICRUPRUGRAMMING 

1.3 ~YST~M IMPLICATIUNS ~F USE~ MI~ROPRaGRAMM~~G 

W~t~ the mi~roprOgramMing facility, all the resources used to emul~te 

the LSl~ll architecture and operatio~ are at tne user~s o1sDosal. The 
o~ly ~esour~e' that cannot be ~ccessed is t~e COntrol ~hip tran~lat~o~ 
a r r ~~ Y lAi h ; C ~' ; ssp e c '; fie d 1 1 Y 'c 0 n f ; ';) \J r e oj to, m pie ii1 e '"' t t 'h e' c p c 0 c e S 0 f the 
staAdard ana extended m~cn1ne inst~uctio~ s~t. 'However, the micropro~ 
cessor ;~struction set does provide a means for acco~pl;shing transla~ 
tions in only a' few a~a1tional microcycles~ '-

• 1 .. 3.1 COiltrol flo~.j Integrity 

". 

- -

The first responsibility of the microprogra~mer is to maintain the in­
tegrity Of the c6n~rol flow which imcle~ents the ma~hiM~ operat~ng 
cycle. Control is tra0sferred to user ~iCroCoQe when-t~e ~1c~6pr6c~s· 
SOr control chip, 0ia the translation arraY, determines that a the 
fetcheo instructi6n is ~ user-de~1neo machine-occode. User micr6cod~ 
the~~aintainS control-unti'l the micro~outine has e~ecuted,~hereuPon 
control mus~ oe returned to the trap interr0pt service routine, 'thus 
m~1nt~in1ng the normal ~E!C~~tXtCuTE~rN!ERRUPT maChine ~Y~le. 

An ado1t1~nal requirement arises when the user~m1croorogrammed routine 
pertorms l/U cperat;c}l"~sll 11"\ ex~cut;'nq an IlO transfer tMe l,Sl ... ll SYS-' 
t em bus tra~sacti6n requires th~t the aaoresse d 1/0 device reiurn a 
replY Siqnal to the processor, ~Cknowledging its role in the tr~nsfer; 
If no recly is received oy the CPU within' 10 microsecondSI t~e oroces· 
sor exec0tes a bus error t~ap through lSl~11 memory location 10. 
Because a bus e~ror can OCCur in ~ ~umber ·of cOnt~xts; tne micropfo· 
grammar must prep,ar~ f6r the proper response by setting an i~ternal 
f1a9 (see Section ~;6.4(1). " 

InterrUPts are recognized by the processor onlY during the final phase 
of' the I"l 0 r mal m t1 C h ; n e 0 rJ era t ; r1 q eye 1 e (F t. T eli ... t X E C U 'r E '<' I N T t P ~< UP T ) •. j' h e 
delay in ac~~owjedg~ng a peAd~ng interr~p~ fs ~1recily reia~ed to ihe 
l~n~th o~ time Of the ~XtCUT~ phase 9 The micr6programme~ is prOvided 
w1t~ means Of testing t6r ext~rMa' 1nte~rup~s and the-E~ent Line in­
t~rrupt during user·m1crOprogra~ e~ecution~lf such an interrupt' is 
p~ndinq, control can be' t~ahsferred to a user ~1erocoae·routine. This 
routine c6uld save the interrupted mach~ne $tat~, deCrement the PC and 
tMen return control to the last ~ar~ of the m~~hine cycle. - . 

Once t~e normal LSI-II interrupt service haS been comPleted, the 
use~edefined ~achine-instr~ct1oM is fetched ~ga1n a~d ~he user micro~ 
program ca~,the~ eXecute to ComPle t 1on5 The ~-ter~~l 1~terruPt' test 
facility allows potent1al1y lengthy,~icrocoaeO rou~1~es to operate in 
a-t~m~ critical en0iron~ent! I"terrupt testing is u~necess~rY when 
the' microcod~ to be executed is of knoW,., Short ljUr~t;on.' see ~e~t,1on 

S2iSM": 12k _ L ". ,J " iUiiil!lM£; .1$4 it ,J ,$ .. U L,UiJl.lil 
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1.3.3 ~egister Content security 

The microprogrammer has access to the LSI-II Processor registers as 
w ell a s tot he; n t e ,.. r" a 1 'r e g; s t e r s " S eve ,.. a 1 0 f the ; n t ern a 1 reg; 5 t e ;. s 
h6V~ predefined uses (e.g~, PS~, bus error +,a9s) and shoUld onlY 'be 
m6rl,fiea i~ accordan~e with those uses. Man~pulation of the standard 
pro~essor req~sters (R~-Rj) ShoUld onlY occ~r ~s ~art ot· the inten6ed 
function of the user-definer) machine instructiOn (See Section 8.0"5), . . . ~ .... , 

The orocessor status word (PS~) in the L8I~11 is a composite of 
(1) the 4 PDP~11 Status flags CN'Z,V,C) ana (~j the lrac~ Sit ~nd (3) 
the Inter"'u~t Enable bit." inte~nallY, thi PO~·il Staiu~ ~l~gs ~re ex­
pliCitly e~cessea by·2 micr01nst~uctions (~FR, 'CfRl and lm~lie~t~ al­
~~r~d by exec~t1ng a mier6i~struction capable Of ~ffecti~9 ~hese fl~gs 
( e 9 9 • ,A I) C l'" ) _ . ,h e T r dee d i t and Interrupt f. nab 1 e ~'; t' d!" e a 1 t ere d - b Y 
execlJtin9' a-set Interrt,JPt (51) 6r keset I~terruPt (HI') for the m.1c~o. 
pr o6essor control flags 14 and 15 respectiv~lYe ~ince th~se ~lags 
can~ot be r~ad, a CoPY"of these' flagS is ~ept ~n aM i~ternal regis~er 
(~~~~L H) In the oit positions that cor~e~pond to the 'Tracebtt (bit 
<q>j 6~O the Interrupt tnablebit C6it <7» of the L~I~11 PSW. See 
5 e c t i 6 n 8 (I 8. . -. - -- _. 

1$3~S Oedicated cbntrol titors ~ocations . - .-. 

The lu2a ~riteable control store locations are normally configured at 
m;CrOo{jl:jres~es 2'cj'li0 thrOuq~ 3777 (octal)~ ~he ~~CS'mOdi,)le therefore 
r~pla~es the tl~/fIS MICRUM ~hich answer~ to addresies 2000-2771, Th~ 
L S· 1 ;,.. i'l emu 1 a t 1 0 n m; C f" 0 c 0 (j ~. , ; nco n j u net i 0 r'I w; t h the t ,.' a n s 1 at; 0 n. a r ray,' 
p~rto~ms a bertiel ~ecoae of the extendeo and floating po1Mt mach~ne 
instruCtiOns ;:1nd transTers cont~ol to control· stOre 'locatioils' in the 
2~00·2777 range. The'm1crOor69rommer has the ~espons'bil~ty of han~ 
dling suCh a transfe~ as a r~served instruct~o~ tr~p~ . (Se~ se~t~on 
8~li~1). -

1,3.6 MaChine lnstruction support . . 

A ne01y def,"ed ~achine instruction must be explicitly documented as 
to fUMct1on, e~ecution characteristics, and operand reQutre~ent$. It 
sho w10 alSo te assiqned an ds~e~blY mnemO~1C W~iC~ is supported by a 
macro aefin1tion to~enaele ~he in~truction to b~ prbqrammcid and assem­
bie o ~long ~i~h the stano 3 rd i'nstru~tio~ set (~ee Section 8.2), 

JUSE:L hi ; X iii ,; U,iQ k#!14i M". J U 4. $ U .lI 4iiZ4MiU aaps:;.Qd.4i' 
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1.5,1 Creating the Source F;le 

The Rr-ll Operating System environment 1" which the LSI-II micropro­
gram~er works is famil ,ar to the experienced PQP$11 ~ssemblY language 
progra~mer. A tunqdm~n~al reference is the microin~t~uction se~ d~s~ 
cr,pt'o~, ~h'c~ is contai~ed in Chapter 4 ard Appendices A and B of 
this manual •. C~apter 7 describes tne-wcs Softw~re rools ~v~11~ble, 

The source file for the microprogram is created ~ith either text edi­
tor, EU!T or 1E[0, The recommended exten~ion in the tile specifica­
tion is ,MIG s1~n~fiYing ~ mi~roprogr~m source file. 

Microas'se~bler feci lities are provided by MA~HU-~l, augmented by ~ 

preprocessor rout;~e which qe~erates the necessarY cdlls to a special 
1ibrarv file CO~to;n;ng ~ a set of maCro de1init;o~s'that enable the 
assembler to' rec09ti;Ze ana process the micrOinstruction mnemonics,' 
The /"I i C i 0 ass e m b I e'r ; s . des C I" ; bed ' i n d eta ; 1 inC hap t e r 7. The cap a b ; '1 i" 
tyof MAtRu~11 to accomOOate large symbol ta61~s allows ~ ~ic~6assem~ 
b 1 y tot) e per for 111 e d . ; f1 '1 min i rn U m Co 1"'1 fig t,J rat ; 0 n' (16 K) d eve lOP", e n t s y s ... 
tem 4 rhe" ~icroassembler output C.OdJ extens16nl is then loaded iMto 
the ~~5-modUle as-described in the next section,' -

1.5~3 ~riteable Control Store Loaders 
- - -

The micrOprogramm1ng,sucpOrt goftware provides a WCS lOader program 
Wh;ch·c~n·H.,;ti61·ly cle~'i" the ~'iCS R.t1,~1 rnerrorv aillj then loa~:t from-ol"le to 
s 1 i(' S P e c; t i. ed, {J [3 J f i1 e s p r Q ej \.J c·e d by t MeA sse mb 1 e r. ' '.! he - vi C 5 1 0 ? 0 e r i s 
described in Chapter 7~ 

1~5.4 Mi~ro uctal Debugg~ng !ool (MOOT) 

The reQUireffie"ts of ~1croprogram debugging are sa t isf1ed bY the Micro­
program uc~al uebugg~nq rool p~ogram (MODTj, This debugging facility 
eXP~njS t~e fa~~11ar ~OP"11 00T $~ th~t u~~~~wr~t~en ~i~roprogr~mS ~an 
be examineo, mOdified, and executeo from the system console. Since 
all ~iCroDro9ra~s are executed in resPonse to ~achi~e instructions, 
~ODI . al 'o~s ~he user to wr~te, m6dify and ex~cute sh6rt pr6g~ams. 
B~e~kroints may be set in the m~chine instr~ct1oM floW to exa~ine p~o· 
gram prOgress at the machine level. At the micromachine level, the 
use r ~'n a v cst d b 1 1 ~) h " d U Ii' P i) 0 ; n t s " ~>.} h 1 c h d; 5 p 1 a y the con t e" t s (') 1 a 1 f 
internal reci~~ers at the selecte~ point,' once the'dump results ire 
analyz~j, the' dUmP po~nts Can be moved and subsequent exe¢ution~ al~o~ 
the' user to exa~ine ~ddition31 ~ort1ons of m1cr6code. "TMis 
dUmPme~~~1~e crocess cont1n~~s unti~ t~e microprogre~ is ComPletelY 
deoug0eO a"d veritied~ MGOT is descr1bea i~ detail i~ ch~pter 1. 

I ~~~~ __________________________________________ .................................. ~ ............ .. 
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The microaddress trace hardware on the ~CS macule is ~ormally con­
trol1eo e~d exa~1ne6 by the Micro Octal D~bugg'ng 1001 (~UDT) program. 
It ~onsist5 of a 16-word buff~r which stores a' seQue~ce'of lb micro~n­
struction loca~ions Placed on the microins~ruct1on bus (Mlb) dur~ng 
the execut~on ot user-wri~ten microcooe. lhe last location to b~ 
store~ is designatea by the microproqram~er"(uS1ng MOUT), Unce the 16 
addresses ~ave been stored, MUOl ~ay dis~lay tne cont~nts 0+ the ad~ 
dressed locations in poth octal "and symbolic fOrms, ~ee Chapter 7 ~or 
a complete cescr1pt1on. ,.., - . 

1. b SAi'1PLE ~ICr:OPRUGRA!""!S 
, -

The microprogramS presented in this section are tested, working rou­
tiMes which may be miCrOcoded and' executed by the user, They'~~rve to 
i~troduce" a few of th~ microinstruction assemblY mneumon16s and Some 
special characteristics of the oata access group of ~icroinst~ucti~ns, 
The~e'Q~ogr~mS ~r~ s u6P li e d witn generous C~mments 1M" order to' m~ke 
them mOre un(jerstandablt~. The full, m;cro;nstrtJction set ;s presented 
in ~h~pte~ 4, and additional oeta11~ on the operation of tMe daia ac" 
cess gFOUC tn Chapter'~. . " 

FigUre 1 shows a mi cropro9ram e~ample that implements 2 new LSI-l1 tn­
structions ~s oesCribed be16~: 

~U;jHR .... 
( F, 11,)- ~\ 5 ) 
k £.;.) • 

causes tne LSI-i1 Gene~al Purpose Registers 
to be se)ved on the SYstem sta~k-(po";nted to 'by 

~CpR • causes the LSI-II General Purpose Registers 
~R0-R5~ to be restOrea from the SYstem sta~k. 

These 1nstructionsfacilitate context switching for subroutines or 1n. 
ter~upt service rou~i~es where many registerS may be needeO, but the 
prev;6~js re9istei contents must be'saVed.' 

The actl,Jal ~;~rcpf'oqr~m sOurce fi I~? for the new instructions ;s , ;sted 
beloW, and can be assembled by the mfcroasserrbler, loAded into the 
wts, aMd tested using MUDr (s~e Chaoter"7). NOte that the ~ss~mbl~ 
11st1~g fOr this example is-in Chapter 7," . 

cadeua .. Ii Ii Ji!.t ; H, .4$$.& it ".uan x h iP lism£! 
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PUSHR and Poor Example 

figure 1,2 
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INTKOOUCTrON TO LSI·l1, PDP-11/03 USER MIC~UPRUGRAMMING 

This ex~mple is t~e implementation of a new instruction, that . . 
moves 3 string of bytes t~om one location in memory to another 
non-ove~lappi~9 loc~t~on in ~emory. The opcode is 076700, R0 cbntains 
the starti~q address, ~1' contains the destination address ~Md R2 con­
tains the byte count to-be mOv~d, Note that ~his e~mpale is microin-
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,lis section contains a glossary of selected terms which provide an 
intrOduction to the vocBcularY which supoorts microprogramming con~ 
ceets, TMe gloSSary,s n6t arranged alPhabet,ca~ l~, but' in a way 
whi~h w~l' emphasize co~ceptual-disti~ctions. " 

r~ach;ne 

M1cro ffl Qch1ne 
, , 

ProceSSOr 

Control Ch;P 

The LSr·l1 m~Chine encomp~sses the LSI-11 proces~ 

~or, main or progr~m me~ory ~nd 1n~uf/oytPut dey· 
ices, ' 

The ~icromach1ne ;s eouiv~lent to the LSI-ll pro­
cessor. It encompases 0 two-chip microprocessOr, 
two Or three MicRbMS (control stOre' Chipsj, and 
the LSI""11 System bus 1nt e r f ace logic, t,he first 
t liJ 0 ~i I C RUM S con t a ; nth e t.. ~ 1 II!< i 1,' PO jJ .. 11 / \J:3 emU 1 a .. 
ticn ~icr~p~oqr~m as ~el1as the console UpT ~i· 
croprogram~ Tne oPtional KEVil MICHOM c6nta~"s 
~icroprogra~s which execut~ th~ ex~e~ded and f)o-
~t1~9 ~o~nt ma~~ine 1nStr~~tionSt "' 

r MeL. S I !lit 1 1 D r () C es SOl" COli S ,1 s t" son ',Y 0 f the L.. ar 9 e 

Scale Integrated microprocessor chio set aMd the 
CSIRll system bUS interface and control lc~ic~ A 
system bas~d o~ th~' ~sl-il processor 1i 
busftorient~d 'in that a single ma~htni instruction 
rr,?JY m~H~,PUlt;te data within a ous;",nstal1ed" dev-
ice~ Th~ maAagement"of data in and cut of the 
processor is often transparent'or irrelevant t~ 
~a~h~ne·level programm~ng functions.' 

The mtcro¢rocessor is implementea as a ~wO~Chtp 
set' Q f 1 ~ r 9 eSc? 1 e '; I"l t e 9 rat e a - ( L S 1 ) C ,i r? l..J ,1 t S 
~;~lled ttH: U?ta and Control chips, The Data Chip' 
contains tne Arithme~1c Logic Un,t (~LU), the Re~ 
~ister file and inter~onnec~1;n' to ~he L~I~11 
syste~ b~s a6oress/add~ess lines COAL), The-Con· 
trol chio provides the syste~ bus control lines 
and contains the translation array, 
~icroDro6essbr progr~mS ~re co~t~1ne~ in MiC~O· 
code RUM Chies e~l~ed MIC~UMS8 

All Oata processing occurs within the Data ~h~p. 

It contains the ALU and the internal registerse 
It elsa ~rovides bi~6i~ect1ona) conn~ct1on to the 
LSl-~l s~stem bus oata/address' l~nes COAL), 

The Control chip functions as a 
co!"\trC)llel"/se(llH~ncer, It prov1des all control 
sionals, tor the system buS ~nd alSo oet~rmine~ 
wh~ch m~cro1n~tructions are executed~ Ant~por. 

tfi"1 . 
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~1l C K I] r"' C h , p 

sVstei''' t1US 

~1i c ro; n S true t ion. 

Bus 

Instr'ucticn 
Reg1ster 

M i, c r 0 i r~ s t rue t " c n 
Reg'ster 

t~i c roproqra rn 
, " 

COUf'ltCI'" 

tant feature of the ContrOl-chip is the transla­
tion array. This;s a laroe co~b'nator1al logic 
network ~~1Ch ~ccepts tMe machine ~n~tructiO~ as 
input and' outbuts the adoresses 0+ the ~icropro­
grammed routine a~~ropri~te to th~t ~nstru6t~on • 

The j'j I C R U ~1 (!'-1 I C roc 0 c eKe adO n 1 y t1 e'" 0 r y) c l"I i p ; m .. 
~ ~. .. 
pelements the unalteraole, non-volatile read only 
cOr"t ro I store memory. One or fT'ore' ~~ICROMS are 
connected to 'the Oatd aMd Control chips via ihe 
~icroinstruction bus Ch18~. . 

The lSI~ll system bus is the one com~on, bid~r~c­

tiOMdl ~ath which passes aOd~ess, data and con· 
t,rol' infor'I't'It;)tion' oet~)een the LSI"'11 proCessor and 
all other modules which make yp i ~iven machine 
~onf1gurat1on. 0 ~ • 

The Microinstruction Bus (MIS) is the 
bi. 

common 

directional and Control path bet~-leen all elements 
of t~e mic~o~ach1ne,' It ~s through connecti6n to 
this bus t~at the WCS ~odule maKes its control 
store accessible to 'the m,iCI"'OfJrocessor,' . 

whe~ an LSI~11 mach,~e instruction;s fetched 
from mat~ ~emorY; it is placed' i~ th~ Inst~u6tton 
Register eRIk) in the Oat~"cMip as well as i~ the 
translation ~cg1ster i~ t~e Control ~~~P. Th~ 
in~tru6t~on register provides a co~ven~ent method 
~or deCoding an instruct1 6n 1n'a~dition to ~til~ 
~Z~ng the t~?~Slation ~eg~ster. ' 

A micrOinstruction which has been fetched f~om 

e1th~r MIC~OM 6r user control store is clacedin 
the 'miCroinstruction ~eg1ster. l~i~ regi~ter is 
im~lemented on both the D~ta and control chips, 
fh~ microinstructiOn r~gist~r on eiCh chip intir­
prets onlY the portion of the m,'cro,i·nstru~t."on 
~elevant to the chic~s functio~. 

lhe Program counter (PC) stores the main memory 
adoress of the next machine instruction to be 
~ech~d during a machine cycle. It is automati~ 
callY ,,,crem€t;ttH1 by 2 as the 'l~st part Of-th~ 
fETCH Mac~1ne InstructioM ~hase. _. , 

l~e Microproqram Counter (MPC) stores the address 
of t"e next ~i6roinstr~ction"to be fetched"during 
~ r'!' ; c roc y C 1 e It The rn ; c or 0 pro 9 ram C 0 U n t e r rrt a y ° b e 
)oad~O tro~ various sowrcesl dep~nding upon- th~ 
type 'of ,mi~roinstruet1on bei~g e~e~uted. ' 

;_ ilL. $$#4i1$$ ::4 . M .! ,Jil' 
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Progl"a rr, Store 

Control store 

Write~ble Cc~trol 

Store 

M,' c r-0CYC 1 e 
(Mi~rom~Chine Cycle) 

Program ~tore refers to the LSI-ll main memory 
WM~Ch containS both progr~m and asia information. 
Program store is accessed ~ia the LSI-l1 "system 
bus and its size is dete~mined b~ th~ bus ad~ 
dressinq capability (32K lb-b1t wordS maximu~), 
PrOgram store' may alter~atelY oe referred to'as 
Main Store, MeMO~Y o~ some~imes as core. 

control store refers to the storage area for mi-
crocode 8 i,d consists, ootentially, of 204d loca-
tionS. Ap~rt from uSer miCroprogramming Via' ~~e 
~C~ mOdule, control sto~e is impiemented' in on~ 
o r" rn 0 I'" e f..., I C roc 0 d eRe adO n 1 y M e m 0 r ; e s ; 0 r r'1l C R 0 ~'1 S e' 

~1crocode "is accessed by the ~icroprocess6r-muCh 
'faster than machir'le instructions' are accessed by 
the LS1-ll Drocessor~ 

. ' .... " 

~I"'iteable control store (~CS) refers to a' control 
stOre \.-./nich may be aitel"'ed by the' user~ 
A 1 t era 0 , e 0 r - w r ; tea t, 1 e con t t" 0 1 s tor e i s imP l' e .. 
mented by fast sem1~onduCtor read/write random 
access ~e~6ry (RAM)' devi~~S 'Whi~h are 1nterta~e~ 
to the ~;croinstruction bUs. The LSI-l1 Write­
a b 1 e C ,,;, t r 0 1, S t 0 'r e . use S vol a t'; 1 e -. R A, M d e v ;, c e s 
wh~ch ~e~n9 ~poropri~tepOwerm~p lOading prO~e· 
dure S must be utiliZed, 

Mach~~e ~ycle refers to the smal1~st complet~ 
cvcle Of operations cerformed by the LSI-l1 rna­
ch1~e. The three funo~mental operBtions- 01- ~he 
maC~ine ·CYCle are; (1) FtTCH MACHINE INSTRUC~ 

,TIUN, (2) tXtcUT~ MACHINt INSTHUCTiON (3)-rRAP 
ANU INTtRRUPT SERV1CE_ - The"nQmbe~ and type-of 
~itromaChi~e operatidn~ which must be perf6rmed 
dUring- a given machine cycl~ ~I"'e a fu~Ction~of 
the fetc~ej md6hine ~n~trUct~on ~nd whether ~ ~a­
chine inter~uPt or System fa~lt is present. 
'consequently, the time required to complete a me-
Chi~e ~Y~le is v~r;able. ' . " 

M1crocycle refers to the smallest ~omplete cyc~e 
of operation performed bY the LSI-ll microma­
chin~. lMe operations wh1ch make up t~e m~cro~~­
cle are o'f a rnorefulida mel"1'tal nat'ure than' those 
of 'whi6h a machine cycle is composed. A-m1crocy· 
cle is further decorrposed' into' fou.r equal· phases 
'( P H 1 ~ P H q ) . ' . 
- , 

~ machine instruct;o~ ;s the lb-bit word input 
tro~ main memorY to the processOr durin~ ~ ~a· 
Chine instruction fetch_ The mSChine instruction 
is th~ sma)lest 1no1v1s~ble mach1~e oper~tion 
~n1ch tan be controlled" by tM~ programmer, 

- aas:a:.ss 21 .. 4]$11. 4 , .41 . 4UA 



Micro;rlstruction 
(i'1i C rOiTlaCh; (H; 

instr\'lctivn~ 

r4;crocOCJe 
(Mi~romdChi"e eooe) 

r"l , c r CdS S e IT, b 1 y 
L?t1gl,J'~q~ 

Micro<:1sse n'ir,)ler 
, . ' 

~~ch'ne instructions are commonly referred to as 
instructions, 

The micromaChine instruction or microinstruction 
is a 2~~oit wOrd which is execut~d' by the 
m;Cro.DrOCeSso r " The' oPerationS controlled by mi­
cro;nstructio~s ~re of a more funoamental nature 
t h d Ii t h " S € COli t r 0 1 1 e d b y !'II a c h ; n e ; ~ s t ;.. u c t 1 0 n s " 
Co~seque"tlY, several miCroinstructionS are exe­
cuted to implement e~ch m~cnine tn~truction exe-

.. ... "" . . 

Machine cOde refers to the binary object code as 
stored in main memory ready fbr oirect execution 
by the prOcessor. The term is otten shortened'to 
"code". 

Micromachine eOOe re.fers to the assembled 22·b1t 
~ '* ., 

microinstructionS whiCh are storeo in the MICRUMs 
(control store) or i~'writeabl'e control Sio~e. 
this term is otten expressed 6y' the Contracted 
form microcode. ' , 

A~se~bly l~nguage refers to the cOllection of ma­
chine opcode and operand ~nemo~tcs,' syntacti~~l 
rUleS, anQ macroinstructionS 'Which assi~t th~ 
prbgrammer in' the creation of m~Chi~e langua9~ 
prO;;lrafTl$1J 

Micr o asse mbly Language refers to the collect1on 
ot' micromachine OOco(je and operand mneu~oni~s, 
SYnt~cticDl rUles, and mdcr6,nstructionS whiCh 
assist th~ programmer in the' Creat10n of microma-
-. .. . .. . 
Chine language progr~ms. 

!h~ assembler ~s a prOgra~ develOpment tool which 
accepts 3S inpwt a source file contQln;ng machine 
~s~embly la09Uage with OPtional co~ments~' Yh~ 
~sse~cler output is an object t1~e' (,ObJ ext~n~ 
sion) wh,ch can be linked \·dth other object fifes 
to ~orm' an eXecutable lOad file or ~odule (.~AV 
extension)~ The assembler- supplied witn ~T;l! 
V u .5 is' 1"1 A ~ 1-( 0.... 1 1 • 

The microassembler is a microorogram develOpment 
too 1 w hie hac C e p t s as':; r, put a - s ~ lJ r c e f; '1 e - c ~ n lilt 

ta1ning ~icromachine a~semb'y language wi~h op· 
ti~n~l c6mment~. The m1croasS~mbler output is an 
objt~ct -file ;"jh1Ch n'lay t,e loadeCl 1ntc the write­
abie' Control S~ore~ The )oadeo ~icroCoae is then 
executed ~y the micro~aeh1ne 1n" response' to a 
user~defi~ea machine i~st~ucti6n. . 

I. _2 : I.J: U II@ i 1/4 p, ;0 , $ 
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"' . ,... ' 

The dction of diverting cOntrol trom the normal 
•. . 

(uninterrupted) macMine operating cycle of reoe-
~t,~g fETCh-tXtCUT~ events~ The sim61est c6m-
ol~te - c~erating 6ycle is e~p~essed as 
ftlCHutXtCUTE-lNTERRUPT, . 

- -

( r"'-....... \ 
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1 , 8 

The follow;ng ej0cuU'el"'lts provide sUfficient bacj(qrou~d information for 

this manual: 

2 • i-' 0 j.:J ... 1 1 T t c u ~ s e r ~ s G l.i ; de, \) E C· 1 1 ... U '! E C .t. ... A .. D 

~. ~Dll.H orocessor sc~ematic·d~d9r~m, D·~S-M72~4-0·1 
y or 9re·3ter) 

~. ~C~ schematic diagraM, O-CS·M8~18~0~1 
~ ." ~ 

Add; tiona! copies of all; terr-s above can be Ordered from: .' ... 

DIGIT~l Ea~;pment corporation 
. I~ .:~ 41 'r" n ; t n e y S t r e e t 
Northboro, MA 01532 

A t t f"\ : CelT! m \J n i cat ion sSe r v"; e e s (N ~ 2 / 1"1 1 5 ) - . 

Customer bervices Sections 
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THE LSI-11 MACHINE STRUCTURt - - - -

Th;S o;sc~ss;o~ of the LSI-it machi~e structure covers both the archi­
tecture ana oceration o~ ~he lsi~ll. Architecture ~elates to th~ SYs· 
te~ reSOurces and their config~~ation. Cpera~'o~ 1nd~cates hOW data 
ana ~Odress information is moved between and ~~n~pu'~teo w~t~tn in~ 
SYstem resources. 

T M ; s c hap t e r ; s a sub set 0 f the ~I; roe 0 r!'I put e r Han db 0 0 k I W h ; ens n 0 u 1 d be 
CCl"'su 1 tec..1 tor ~dd't;n"'al ap.ta11~ speC::1f;eal1v ;n the areas of LSI-i1 
opt'onS and hsrowar e • r h 1S chapter emphasizes selected" tooics wn;ch 
are' essent1al t6 the- ~ndersta~di/"lg of the mic~oprocesso~ eonta4~ed 
~.J;th;n t"'e LSI-l! processOr mOdule,' ~napte,. 3 enhances the' infOrma­
tion suffieie~t to ~erform conventi6n~1 machine language 6rogramm~ng 
to ,ncluoe the aaaitional infOrmation require6 to' m;crOpro9ram' the 
L~I;"ll m;~rorr.achine. .. .,' -

2.2 MAChlNt ~R~HIT~CTUHE 

The L~I.11 rrach;,-,e consists of three. general component areas conneeted 
by a common 5~stem bus •. A.ny specif;'c macn;ne configuration may be ac· 
cur~tely represented b~ using spe~i~liz~d co mp6nents in th~se th~ee 
areas: 

1 ) The LSI-i1 ProceSsor 

2} The f'1emO I"Y 

3) T~e Input/Output Dev16es 

These Co~Ponents and their Common, bidire~tion~l access to tke 
bus are illustrateo ;n fi9u,r.e 2,1 • 

- :E:a_ U22!2! , ,ilWiM 
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~Sl.11 M~Ch1ne Structure 

figure 2.1 

MSSi£Aaii i, Ii Ii $, WW&MIiAl$4PA \. - u;;z .$ :13.1 ;¥ -,$jjt U ilk II 



"!f!Nur .• 

c' 
THE L ~ 1 • 11M A L h .L t-, t:. ~ T RUG 1 U R t:. P,AGt:.~-.s 

" 2.2.1 !)yste", bus 
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The syste~ ~us 1s ehar~cterized by the number Cf me~~ry or oevice 10-
cat,ons adoressaole, t~e tYpe of information transfers supoorted, and 
by the au x il1ary System control SignalS it ~ontains. 

2.2.1.1 Syste~ Bus Aadre5S Space - The Virtual (and physical) ad­
dress;nq capao;l;ty of the system bus;s Oetermi~eo by the lo-bit 
~1;dth' of t~e t;narv aaoreSs;nq word, The system bus supports both 8 
bit ~yte ano 16 bit WOrC adoressing. Figure 2.2 i1 lustrates the ad; 
aress scace--;tn ~hiCh th e 'LSI-l1 maChine operates,' 'The bottom' ~8K 
(28,b72) wor~ add~esses ~onstituie the me~ory seace. The to~ 4~ 
(4096) ~ord eodresses are norma,lY deaicateo to the InP~t/ou~put dev~ 
icei. T~e LSr·l1 crocessor OO~s not occupy anY address locations, 

2.2.1.2 Syste~ Bus uata Tra~sfer -,11 oata transfer operations sup· 
ported by the syste~ cus are Under the co~troi of t he-L51-11 proces­
s 0 r • A r.,. 0 r t ; c n 0 f the D roe e s S 0 r ; s <:1 e d ; cat edt 0 the con t ,. 0 1 -- 0 f t' ~ e 
System bus, e~a 30ministrates the transf~r of data ana address infor~ 
mation between the machine ccmpon~nts. Ther~ are three tYpes of data 
t~a~sters ~ossirle ~it~~n the L~I-l; machine: . , - . 

1) Programmee ln~ut/~utput TranSactionS ~Programmed ~/U) 

2) Interru~t-Driven Input/uutput lrans~etions ~Interru~t 110) 

3) Direct Me~ory Access Inout/Output Tra~sact1ons CDMA 1/0) 

Program~ed l/L occurs i~ resoo~se to crogram~eo maChine instructionS, 
An e~~mple of Programmed 1/0 is t~e execut,on of a MOV inst~utt1on 
wMere at least one of the Source or destina~ion adare~ses i~ inm~m~rY 
Or in ~ oevice register. If Doth source and oestination Ope~a"ds are 
in the 6rocessor registers,. ~o bUS ~/O tr~nSfer is reQU~red~' . 

The simc1est of a PrOGrammed l/U bus transactiOn is the DATI (Data-In) 
ous CGe~At'c~. T~is :o;e~ation 1 llustrates how the 16 D~t~/~d~res~ 
L ; n e 5 (~.~ [, ALL < 1 5 ; !G' ~') » are t; IT! e - m u , t-; p 1 e )C e d bet wee n adO res s' and d a t a 
1~for~atio~. T~e first 9~en~ of the DATI cycle 15 Dlacing the mem~r~ 
Or oevice aOOre~s on ~OAL L <lS:~U>. Aft~r' t~e aO Ore5S infOrm~t1on 
5 e ttl e s ( 0 r t: e C 0 rr· e s val; 0 ), the H 5 y r~ C L s; g n a 1 ; s ass e r ted.' T n i s - s 'i g-
nal causes E'CjCI"t merrorY al"lo .r'u·UEvrCE. mooule connected to the bus' to 
cheCk ~~ethe,. the a6aress ~orr~sconos 'to its own address(es), 
Recognition ~y the addressed device ;s rp.prese~ted by a s;ona1 inter­
na, to t~at device ~h1cM ~s latChed (o~ stored) ov the assertion of 
8SVNC L fcr-t~e duration of the ~us ope~at1pn. ~tor1ng this signal 
constitutes the s~cond event. lhe third event of the QATl cycl~ r~~ 
", 0 v e s' the a ("l d res S ; n for mat ;'0 n fro m . ~. vA. L' L < 1 ~ : (1 ¥) > a no. ass e rt s· tj D 1 N l.. • 
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T~is s;~ral ;Mfor~s the ~e~orY Or selected device that a UATA-IN cycle 
is to be perfor~ed. The fourth event is i~ response to' ~DiN LJ " t~~ 
s e , e c tea de v '.c e t' 1 ace s ; t S a a tao n tj 0 ALL < 1 ~ : \J iJ > ~ M (] ret u "r n s ~ R PLY L 
to the IJrocesst:)r. The assert;ng"of b~PLY L ;5 the t;rst ;~('Hcat;ol"\ to. 
the processor that "the"aOdresseo component ex 1sts ana 15 putting data 
on the nus. UpOM receipt of bH~~Y ~. the proc~ssor'acce~ts t~e inf~r; 
mdt,on On 8U~L L<15:~~> as valid and stores it intern~11v. If HRPLY L 
i~ hot r~ce1ved ~1thin l~ microse~onds after ~U1N L ~~~ asserted, a 
oroceSSOr trap cccurs to memory 1coati6~ 1~. -dY this means, the pro~ 
cessOr avO;ds ~aiting fOr a reply from a m~mory loCat1on Or dev1ce 
which ~ces no~ exist Or is maltunctio~,ng. The bus cycle's fift~ 
event ;s the ~ccept;ng and storing of the data and the SUbSeqUent ne­
gat,on of RUl~ L. In t~e s1xt~ event, the sele~ted d~viee responds to 
t~e' negat1o~ of 6DIN L by t~rm1nating BRPLY L. In i~e seventh and 
final ~vent, the prOcessOr term~nates ·tne bus cy~le by n~gat1n~ 
BS y f~C L. 

The DATI bus cycle is described in detail in the Microcomputer Hand­
b~o~ B16rq ~i~h the DATU (DATA-OUT), DA~Oti, DAllO (Data" In-Outputj"and 
OAT 1 Q 0 bUS ~ '. C 1 e s • The"" i 0 " ( Input-Output ) bus eye I e sen a bl e t he . pro· 
ces~or to e)ecute a kead~~~d~tY-~rite bperation. This al1~~S data to 
be retrieveo t~o~ an aobresse~ loca~ion, ma~ipulated with;~ the pro­
cessor, 6no re-dePoSited 1n the s~~e location While aSsertinc ~nlY one 
bus otje1ress. The "b" su f 'f1X Or'\ the DATuS and lJATIOb bUS cycles inoi-
cates th~t the output portion of the bus cYCle is a byt~ ~ather" than 
to a ~ord tra~!fer. "" , . ' 

Interrupt I/O 1s initiated by an Input/Output Oevice. The interruPt~ 

;n9 "oevice re:)u€'sts service from tl,e LSr-11 processor by asserti"r!9 the 
81k~ L siqn~l en t~e System bus. w~en tne pro6essor aC~noWledgeS a 
devlce r€Qvest by assert1ng the drACK H signal, it causes t~e ;nter~ 
r~pti~9 oev1ce t~at is el~ctron1callvclose~tto the 6roc~ssor on the 
L? 1"1 ~ [iUS" to" rE-turr" a vector" address_ . The vector adOr-ass te.l 1 s tl"te. 
pro~essor w~Pre t"e adoress of t~e device s~rvice pro~r~m is lQc~ted 
;n !'r!err"Ory. I.~r"\ce execut;ol"! of t/'le serv;ce program has been completed, 
t~e L~1-11 prccess6r resu~es execut~on of the ~nt~rru~teo pro~r~mt " 

Pr10rit~ a~on~ mu 1ticle ~xternal devices having Interrupt 1/0 capabil­
ity ~s estatlished via plectr~cal position reiativ~ to~t~e pro~e;s~r. 
T~e device clnser to the Dr 6cessor 60sesses th~'h~g~er priOrity, T~e 
i n t err U p t (; r "~ 11 t c h a ; n ; s b r 0 !< en" by the c:2 e vi c e" 0 e ; n g"- 5 e r v ; c ed, t h u S 
mak1nq turt~~~ ;~te~rupts" from lower priority oev;ces" impossible. 
F~r~he~ 'Mte~r~cts frO~ higher priority (eleetri~al"l~ closerj deVt~eS 
may st,ll be acknowledged a!"\d serv;ced. Addit.'onaloeta;ls regarding 
Int~rruPt l/U transactionS are avail~ble in th~ Mi~r~Com~ute~"~~"d. 
boO". 

Al thou9h tr,e lS!-11 pr('}ceSSOr remains master of the sYstem bus durfng" 
bOt h ~ r 0 q r a n'\ r" e (1 I I Q a r, a I n t err u pt' I I 0 • . D ~1A I / ~ r e Qui res t h ~ t b u \~"' m ~ s .; 
t e ,.. s ~ , P tJ e c;. ran ted t 0 a n 1 n put IOu t put d e v 1 c e fOr the pur p 0 S e. 0 f \,::~ ~ 9 h 

s ~ e e d 0 ~ t Q t r a 1"1 S fer too r :f"r 0 m m e rr. 0 r Y • U u ~ ; n gaO M A II q t ran S ~ e \ii 0 n , '" 
t r'I e Pro q r ~ m :"f\ e rj 11 U a 1"1 <1 1 n t err UP t I I (j 0 per at, 0 n s 0 f the L. 5 I • 1 1 p r 0"(:'" S flI 

sOr are suspendea. T~e device functioni~g" as bus ma~t~r can now p~~. 

eswua::U2i11i Aneun $I Ie $ ¢ it .' 
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for~ any Of t~e Possible Dus cycles (DATI, DAlU, UArO~, OATIU, UA­
T 1 0 t~ ) • ~ to, t: 1"\ the 0 t-l fl. t ran s fer 1 S com pie teo, 6 IJ s' m a s t e r s hip i s r e 1 1 n .. 
Q~is~ed to th~ prOC€ssor.· Note that during DMA 1/0, the CPU mod~l~ 
waits to ~erform pr6grammedI/O or Interrupt I/U only. Any·other pro~ 
c~ssOr acti~1ty (such as ope~~t~ons between re~istersl can continue. 

2.2.1.3 system Pus control Signals - In addit10n to the ous signals 
requ;red to support Programmed l/U, Interrupt 110, and ~MA l/U seversl 
au~'lliarY control s1gnal~ are contained within tne"bus syste~. -. 
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(U&e figure on page 483 of the LSI-ll ~andboo~) 
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T~e co~mon syste~ initializat,on s1gn~1 is ~INIT L. It is as~erteo by 
t~e ~'rocesSOr ~henever"6UCu~ h 1s passive and ~henev~r the 61~lTcom­
mand ;s issuea ~y the processor, Examples of the latter are "dur;ng . 
the ~ower·u~ routine and;n e~ecut;on of the RtStT macn;ne instruc­
tion. Al 1 ~er;pheral devices should use the B~NIT L signal to initi-
alizae and c1ear internal flip ... tloPsa n d regis'ters. ' 

Power Supply Signals 

Two Signals which indicate the status of the system power supply are 
part 6+ t~e tus syste~. These signals are ge~erated by the power s~p~ 
PlY itself ~~~ the proCessor monitors them to ta~e appropriate 'act;on 
d u I'" , I" 9 Pew e r - U pan 0 p 0 wot e r .. r a 1 1 sec u e I" C e s". A t the -beg; n n i n 9 0 "f t '"' e 
Pow~r-up seouence, bDCOK H anb"~PUK H are both passive. BOCOK H i& 
asserteo first, whe~eupon" t~e 'processor initi~lizes its~11 ~na all 
System Compcne~ts a~d waits for BPOK H to be asserted_ When bPUK H-i S 
asserten, tr-€; processor executes - the selected "Power-Up routine, 
D lJ r 1 ,., q a P 0 \r~ (oJ 1"''' l' 0 !!'f r. 0 r P 0 \1') e r .. r a; 1 sea u e nee, b P U K r. ; s ri ega t e (j f 1 l" S t I 

cau~i~9 a Po~er-Fail trap.-"lhe 6rocessor th~1" e~ecute~the pr6gram 
l~cateo ai t~e trap" v~ctor addr~ss (24), When ~DCOK ~ goes ~~ssive; 
the" processo~ a~sel"'ts bI~IT L. -It should bi ~oieo that a-proper 
power~fai 1 seyuence will ne~ate BOCCK H before restori~g -b~OK-H. 
B~C0K ~ must go passive to re-lniti~te thi power-~p sequenc~. 

Processor Control 51gna1 

The only sig~al in the bus system directly controlled by the operator 
of the processOr is tiHALT L' T~is signal is asse~ted by ~ fron~ p~nel 
( P D'" .. 1 1 /: 5) s ~, ; t c h 0 r - a 1 t ern ate 1 'I b. Y the 8 R t;. A K key 0 r"I the eon sol e - t e r • 
m;nal. r--ress1ng the" 8r<EAK l<ey causes a f r a m1ng errol'" which asserts 
fj HAL T Lv' a t M f' " con sol e s e ria 1 1; n e ; n t e r f 'a c e ~ '\~ h e f"I t net ron t' pan e 1 
Run I t"1 a 1 t s w ; t c r"t i sus edt 0 h a "1 t the prO e e s s 6 r , ; t m U S t be res e t to' K U N 
before the processor can proceed, However, preSS;Mq the Console ~RtAK 
l< e y a S 5 e r t s b ri A \.. T Lon 1 y a s 1 0 n 9 ~ s " t ~ e Ie e y i s de p r ~ sse d. . '- • 

Processor Monitor Signal 

The ability to mon;tor the Run/Halt state of t~e processor ;s 
b v t ., e S R ! j t-.: S ; 9 1"'1 a '. "T t'\ e S RUN s i gnat ; s ass er t e (j 0 nee e a c h 
processor- certor~s ~ Mach1 ne Instruction ~e~Ch. lh1s s1g~al 
inp~t to a cil"'cuit on th~ PDP-11/0j console t~at drives a RUN 
t c r 1; 9 1"\ t • "-- " -

Me~ory ~etreSh Control 

provided, 
time tne 
1 s " the 
";naica'" 

i~",~,; 
All a y n a IT. ; C tv' i) S r." e m 0 r y moo u"l e s w h ; C h 00 I" 0 t h a v e 5 elf. Co" t a 1 n e ~,> . r e· 
f res'" c a ;:; (.\ b' 1 ; t y m U s t be: ' ref res,", e d v ; a t ~ e s Y 5 t e m bus, "A S \,~ n a 1 
calle d b R I:. F L ; s .;, sse r ted d u r ; n 9 the' a cdr A ss i 1'"1 gpo r t ; 0 r"I 0 f " ... 't ~ e 

2iJCJUil t Li2i $ .J ... LiMA: URI . $ . .2 .... $1$ MiS4AI.' 
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BSYNC/BUI~, transaction to differentiate between ~emory refresh ana th~ 

sta~oara UATI bUS cycle, 

The oetai1s of memory refresh generation are d1scussed further in Sec­
tion 2.2.~.~. 

2 • 2 • 2 i~ err 0 r v 

The ~emory cc~ponent of Figure ,~,1 may be 1~plemented With either Sem­
;conductor 'or magnet;c' devices. Each memOry'; dev'ce has operating 
c~aracte~,stiCs w~lCh d~term1ne hoW, it is tb be ~sed ~n a p~rti~ul~r 
system. 

a: Most memory riev,ces funct10n as Read/write ~emOry may be accessed by 
e1ther the prOceSSOr Or a D~A I/O ,device. 

( 

c 

( 

c 

( 

( 

c' 

• 

2.2.2.1 5e~iconductOr Me~OrY - Semiconductor me~~ry may 'be classified 
as eithe'j. cYnarn;C or stat;c memol"Y~ The'most fam; l;a,.. examPle of dYI!II 
n am, c' s em; co'" (.1 U COr m e m 0 r y i s the 4 t< r~ U 5 Rea Cl / W r i t e me tTl 0 r y 1 0 cat e don 
the' KD11·F LS1-ll'orocessor module. Dynamic memory'must oe' periodi­
c?l ,1y 'refreshed in 0r;:Jer fOr th~ '!'emOry to ret~;n' its contents, ' , 

Static semiconductor ~emory is also available as Read/Write memory and 
dO~s 'not' require ref~es~1ng. An exa~ple 'Of-t~1s type is the ~5b 
lb.cit ~orQS of RAM found o~ the MRVll.bA'U~PRUM moaule,An addiiio"; 
al s tatic sem1co nCuCt Or me~OrV tYpe is Read U~~y M~mOrv. RtAD ON~Y 
m e m 0 r y t y ~, e 5 a,- e f 0 U 1"\ Ci 0 n t.1i e ' M k V 11 .. A APR 0 M moo u 1 e and 0 nth e - M R V 1 1 ~ B A 
UVPHOM module; 60th the PROM and UVPROM8re non-volatile types: ~t~ey 
retain their contents even after power has oeen removed~ T~e M~Vll-AA 
PRO~ mocule contains fusible li~k semiconductOr me~dry devices ~hose 
c~ntents ~re establ~shed by s6eci~1' progr~mming eQUiPment, OnC~ pro~ 
9ra mm ed, the fusible link PRUM contents Can not be altered. The 
M~~ll-BA ~VPRUM is ~lSo D~o~ra~~ed by s~e~i~l eqUiPment, "but its c~"~ 
te~ts Ca" SubSeQuently oe er~seo by eXpOsure to ~v l'9ht, effectively 
c)'e~r~ng the contents in ~re?~r~t1on for re-programmi~g w~th "e~ ~ai~, 

2.2.2.2 uy~a~;c Memory Re f resh1ng - T~ree techniques are available to 
s~t~sfY the reQuire~ent fOr 6ynamic memOrY refresh~ng. !h~s~ ~hre~ 
techniQues are: 

, -

1, ProcessOr Controlled Refresh 

2. Uirect Memory Access Refresh 
, , 

3. Districuteo ~etresh 

ProceSSOr control1eo 1.J:tresh;s a feature a'~a; lable 0'" the M72b~ 

_Leas: Ii USU!' iii ttl 1&4 #4# 1 MYM. .kA),$$ II ¥ )it 



( 

c 

( 

c 

c. 

(, 

(j 

c 

c 

( 

(J 

LSI-l1 ~rOC€sscr ~ooule. T~iS refres~ mOde ;s normally oisabled, but 
can be enabled by remov,ng ~he appropriate jumper on the mocule. ~hen 
e~aoled, "a b~~ Hl osc~l lator ~auses a~ 1nier~al interrubt. This in­
terrupt ~nitidtes t~e exe~ution of a micrcprogr~~med routine whlCh re­
freshes e1l ayna~;e memOry dev;ees usee 'n the system.' '~e refreSh 
routine r.ertcrms ~~ t~Y~Ci6ul~ cYCles with ~R~r L assert~d, occupying 
t 1"1 e s y s t e r' C U s f 6 r abo u t 1 50 m; C r O'S e con as. W hen pro c e s so r· cor' t r" 1 '1 e d 
refresh is em~'Oyea, a1 1 oy~amic ~emorY mocules sh6u 1d have their 
Reply Ouri"o ~efresh' oottons' atsableo, exce~t fOr the memorY ~od~le 
locatea farthest from the processor~ Th;s assures t~at t~e longest 
bus'aelay~ will be compensated fOr during eieeution Of the refr~sh ~i· 
crOorogram. Note that this form of refresh ~s not recommended for 
systems uti 1 iZ1r'1g lel"lgthy' custon'ler m;~rocrogr~~s. ' 

D; rect fY'el'!'lory Access Refresh, ; s performeo by a UMA device and, rel ieves 
the ~roeeSSQr of refresh responsib;lity, txamples ot UMA refresh are 
t"e ~~~ll-A ana Rtvll~C ~odules. Tl"le DMA ~e~~esh tecnniQue ditfir~ 
frorr tne ~rccessor-controlled m.ethod in that the memOrY mOdules are 
ref~eSheO one r6w at a time' instead Of all ro~s at on~e •. Th~ref~r~ 
the JMA device co~~rol~ the s~stem bus for purposes of refreSh for 
o~ly 1.5 ~;Crosecor.os at a time, thus eliminating the 130 m;crosecond 
deao t;.,.,e inherent i" the' for~er rrethoo •. AnY user-deS;gl"led DMA deViCe 
~~y also perfor~ refres~ing as 10l"lg as proper sequencing and tim1ng 
assure that eac~ rOw of ~!e~?ry is refresned ~t least' once each 2' m'il'; 
l;seConOS or leSS, 

Distributea Refresh is t~e tecl"lnioue useo by the MSV11-CD ~emOry mo· 
dJle. This mOdule is eQuiopea with iiming and seQ~e~cin~ ~ircuiiry 
w"1Ch perfor~s refreshing 'fOr its o~n memOrY ~evices, it ~efreshes 
one row at a time,every 2~ microseConds end 1so1ates 1t~elf from the 
sYste~ during each ro~ refresh.' If the LSI-l1' processo~, or OMA "dev~ 
ice, ~equires a'memo~Y access whe~ the mo6u,e 1i re~resh1ng a-row, ~he 
me~OrY ~ooul~ me~ely aela~s its response by' re~urning tne B~PLY L sig~ 
nal after tne rOw refresh is co~pleted. The relatively s~ort, oc~a. 
s~ona1 de1avi tMat OCCUr with t~1s ~echniau~ are compatible with ~he 
ess~nti~l ly asynchronous SYstem bus d~t~ tr~n~~~t~ons; . ' . 

The me~Ory compone"t of a specific ~Sr-l1 m~eh~"e m~y be co~posed of 
mOre than one memOrY tYpe to 'satisf~ user reQu~rements. 

2.2.2.3 ~agnet1c Me~ory·· Maqnetie Memory is ~on·volat11e, so it does 
not reqUire refreShi~g. '!herefore, ~emory 60n tents siored in m~gnetie 
COre are ~ot lost ~ur;ng a power failure, ~agnet1c memory can" main~ 
tain the 'nfor~at1o~ of'a partially-executed or6qram or rout1ne'~hen 
p6wer is re~oveo SO that the routine m~y continue to °co~plet1on when 
oowe,.. 15 resto~eOIl A ~Jower"'~a;l routi"e (wr'!;cl"l ;5 ;"';t;ateO by the 
pro ~ e S so,. PO Vol e ,. .. Fa; 1 t r a 0 ) must - s ~ v e a 1 1 vol at 11 ~ state (e I ~. " 

tl"le ~eneral Purpose Regfsters) in the magnetic portion of ~emory be-
fore Parler goes down ~dUCUK H goes ~ass~v~).· . 

IZaUL2!SSS:': x::a IJiLkik4AOl£..i : gol,l 



( 

j (' 
THE L~I-1t MACH1Nt jTRUCTU~t 

". -

.. 2.2.3 !nput/uutout Cev1ces 

<I 

<I 
, 

c" 

a" 

tr" 

Q 

<r 

p 
c_" 

c 

( 

( 

( 

( 

c. 

• 
(1 

~ 

C 

T~e Incut/Out~ut dEvices connected to th~ LSI~ll system bus ~rovide a 
means ~Or ;nterfac;nq cont~ol and data ;nf6r~at;O~ between t~e LSI-li. 
machine and t~e o~t~ide' wo~ld. 'An example of dn l/U oevice which- bi; 
d 1 r e c t ;0 n ~ 1 I y passes 0 0 t 1'\ ' data and' con t r 0 1 ; s the ~ L V 1! s e r ; all i "e 
unit which connects to the console terminal. 

2.2.3.1 Dev;ce Adoress Format .. All Input/uutPut dev;ce locations on 
t~e LSl~11 sYstem bus a,-e accessed in the same manner" as memOrY, 
Nor m. all y, e :) c,., J. I J a e vic e has f (, ur seQuent 1 a 1 I Y" ,.., u ,." b e red word - 1 0 c a .. 
t1o~s associated ~it~ ~t. -These four locations prov1'a~ tor both' c~~· 
t~ol anO oa~a trans~er 6etween the proc~ss~r and l/U 6evice ~c~ord~n~ 
to the tolloW11"'1q. convention: - . 

xxxxx~~ 

xxxx,~2 
X~,XX:XiJ 

X.x.XXXb 

Receive Control &tatus Register 
Receive Bufter 
Transm;t ~o~trol status Register 
Trans~tt ~uffer " . 

(RCSR) 
- - -
(Rt3Uf) 
(xcSR) 
(XduF) - -

The Receive Buffer (R~U~) holdS data w~ich has been received from the 

1/0 device ?r.d ~hich ca~ oe transfe~red to the processOr Or to memOrY, 
Tn e Receive Control Status Reg;ster (RCSR) conta;nS control flags' re­
lateo to the C~V~C€'S rece;ve fu~ct;On. The-Transm;t buffer (XBUF) 
hblds data ~h1ch ~as 6een tra~s+erred to the I/U device fOr pres~"~~~ 
t ; on to' the" " u t s ; a e w 0 ,.. 1 a. r h e T ran s !'Ii it Con t r 0 '1 ~ tat us' -Reg 1 s t e r 
(XC~k) co~tains contrOl fla9s related to the de~ice's ~r~~sm1t' ~une­
t;on. 

2.2.3.2 tn~bling Device Interrupts - ln~ut/Output devices wM;ch sup­
port interruPt-ariV~n 'I/O trans~ctio"s ~re equ~p~eo w1th ~" 
1n t e rrupt-e n atd1ng mechanism wh;ch iiiUSt be, explie;tly set by the pro-
Cessor t:efol'"e" the 'd~v;ce" can il"";t;at~"" on ;nterru~t. The 
;nterruot·enabl,~g mecnan1sm ;s reset Or oisaoled at ~ower·Up time -by 
the'syste:T\ i n it1al ;zat;~n" s,g~al tjINIT L.. - " .. ~" ~ . . 

2,2.3.3 UMA Transfer Restrictions - A Oirect Memory Access COMA) data 
transte,.. ~s accomplishe6 Cy' the DMA oevice becoming mas~er of-the sYs· 
tem Ous (~h1Ch suspends L~1-11 processo~ l/U 6peratioAs). If the pro­
c e s SO r ; 5 res ~ 01"\ sib 1 e to"r "0 y n ami ere f res h, '0 n I y s; n 9 I e by teo r s i 1"\ 9 1 e 
W 0 rot r ~ nSf e r s are all 0 'IV e (j t 0 ~; vet h e pro C e 5 S 0 r 0 P po' 'r tUn; t y to" e X, e"; 
cute a me~ory' re~resh routine. A long burSt of"DMA transfer could 
c ~ use t n ere t res h per; 0 d too e 1 ~ y bey 0,., d t. he 2 mill; sec 0 n d ,." a x ; m ~~\ ~q­
low a b ~ e t ; m ~ • 1 f P roc e s so ,. - Con t r 0 1 1 e d k e t reS h " S no t u t ; 1 ; zed ~,t e. s • 
t r ; ~ t ", 0 n Son I) r-1 A t r ~ nsf era .r eel i m ; nat e Q • ,\1. . 
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T~e LSI-II PrOcessOr mooule ~hich aopears in F'9ure 2.1 "is presented 
with greater 'nternal deta,l ;n r;gure 2.~. The three fUnctional 
areas are; 

2) T~e Gener~l Purpose Reg;sters 

3) The Processor Control 

2.2.4.1 Ar1t~metic Logic un~t • T~e Arithmetic Logic Unit (ALU) per­
fOr~"s tne ocerat;ons reQui red ~ by the ~achine instruction set. 
Ar;th~eiC ccerQt;o~s e~olcY two~s Comp,e~ent nUmber representation in 
f1xec oo,nt for~at ana wtt~ the addition of the KtV(l ~lS/Fis· MICHOM 
(~xten0ed/Float1ng In~truct1on ~~tj, floating po1nt'a~ith~etic o¢e~a. 
t~ons are also performed~ . ~ri~hmetic ana log~cal operations' are-exe­
cuteo on both byte a~d word oata. Thp. results· of ALU operations are 
mon1tOreO bY four C6n~it1on Cbd~ Fl~gs (N'Z~V,~) wh~ch are pa~t of ~h~ 
Pro~essor Status ~ord (PSW) registe~. the sou~ce a~a d~stinAtton op­
era~ds whic~ const1tu~e tne inputs t6 the A~~ may De 'lOcated in the 
General Pur~ose Registers, in M~mOrY, or in Ine~t/OutPut de~16e reg1s-
terse 

2.2.Q.2 General Purpose Keq;sters • The Ge~er~l Purpose ~egisters ~re 
lOc?ted With," t~e Processor and ·tnus the1r co~tents are accessed 
without the use Of a sYst~m bus oberation. The reg1sters may 6o~tain 
data or aOoress ;nformatione "Registers R6 and R7 are dedicated~to 
Stack Po;nte,. (;jP) ano PrOUrarn counter (PC) use; respect;v£:',lY~ ~nd ~re 
therefore associated with Processor C~ntrol. BotM oyte and word ad­
dressing 1s suo~orteo fo~ regis~ers 'R~ through R5. because of th~ir 
d e d , cat e d a 0 t:' 1 ; cat f 0 n , reg; s t e r s R 6 a '"' (j 'r( 7 are rest r , c ted tow 0 r dad-
dress'119 01"'11..,'. . . '-. . 
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2.2.4.3 ~rocessor Co~trol -

~Al,jE 2 .. 1.­

.j 

There are fOUr mai~-areas i~tO which all fu net10ns DefOrmed by the Procease 
Co,.,trol may .ce d;v.;deo~· These four areas are: 

1) Processor Co'ntrol (Overall Control) 

2) Machine Instruction Execution 

3) Aadress Generat;on 

System ~us Control , 
I 

i 
These fou~ areas ana their associated processor reSOUrces are illustrated. 
in rigure 2.~. 
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Overall Processor COl"'ltro1 ;s controlled ty (1) trte status of the SyS­
tem power su~plY and (2) the opcratQr. - _. 

In the PD~-11/~5, the processor is 1nfor~ed of po~er supply status by 
means of ~Me BOCU K Hand BPOK H signals (see Se~tion-2.2.1.3). The 
processor will cause either a Power-up br a·Power.~a1 1 operat1o~ to-b~ 
pertOr~ed ~~' response to the status of' these sign~ls. ' ~DtOK Hand 
BPO~ H origt~ete 1n the h780 Dower ~UPplY and their e~~ct seo~ericj ind 
ti~in~ aeta11s ar~ cOMtaiAed in The Microcomputer hanabook, In gen~r· 
a '1 , . B P (l K ~'4; S the 1 a s t s i 9 n a 1 too e ass e r teo ; n a -P 0 \:t:i e r ~ Ups e Que n c: e 
a r1 a the f '; r s t s ; 9 n a 1 to· gop ass; "e ; naP 0 ~'J e r';' Fa; 1 seQ u e n C e • ... hen 
SDCUK H ;s oBss1ve, indicating the lowest state of 'the system power 
supplY' ;t"assert"s 81Ni T"L and fOrces the m;cro~rocessor ContrOl'"C:t\ip 
to fhe He~€t state, Wh~n the proce~sor is iM the Run state, thi 
change of t3.PCK rl from active to passive w"ill cause a Power-Fa;'l trap 
to be performed. The Fower.Up moce is deter~ineo Via- jumper -c6nfigu~ 
rat1cn on the prOcessOr mocule. lhe ~eans by which the Processor tn­
terprets the JUmper contiguratio~ and the power SUPPlY status signalS 
are further "aeta;led 1n the co~trol flow d;a9ra m of F;gUre 2,16~2'1n 
the ~~c~ine L~eration s~ction (~ection 2.~). . ' -

UperatOr Ccntro1 over the LSI-ll procesSOr ;s acn;eved thrOugn two 
means: (1) the state of the front panel Hun/~alt s~1tch anrl (2) Con­
s 0 i e U l) T • - ~ 1 a C , r. 9 the f( u nIH a 1 t s w; t C t, ;,., the ~ i a 1 t P 0 S ; 't ion c a U 5 e s a 
Hal t ; Ii t err u ~; t' w h ; c h' - pas s esc 0 n t r 0 1 t e the ".1 i c r 0 prO 9 ram m e d 00 T 'r 0 U .:. 
tine. once t~e pr06essOr'has entereo the Conso)e uOT/Hatt stat~' t~e 
Run s tat e r.' a y "b e ' r e e ,., t ere d b Y 0 per a to,.. e )( e Cut ; 0 Ii 0 f -, the n P It 0,. " G .i 
com rn and s • ' vi h e !"l the Run I Mal t s w ; t chi ; s ; nth e hal t pO s ; t ; 0 nan d t " e 
"P~ COm~and is repeate~ly 1ss~ed, s1ngle.s~~p progra~" exec~tion is 
ach'e~e~.· A complete description of Co~sole O~T is iriThe ~icroeom· 
put~r Hanabook. " " " --

AS Sho~n 1n the Figure 2.Q, the" contents of the LSr-ll Processor 
status WOrd (~S~) register have been oivided UP an~ ~ljctted t6 two 
areas. The fOur ALU cond~tton cOde flagS a~Pear in' th~ Mach~ne In­
strOction e~ecute sWb_a~ea aha the Trace-Tr~p and txter,.,~l Inerrupt 
Enable flags appear in the trap & l~ter~~pt ~er~ice- subs~reat The 
com p 1 e t e - P ~ ~:, W h ; c h the" 0 De rat 0 r may a c c e s s bY" e; the r the " R S II (" $ S " ) 
Con~ole oDT-commana Or unaer ~rOgra~ C:O~tro' via ~he Mf~S 'or ~TPS' ma~ 
chi (i e ; n S t r LJ C t 1 0 ~ , 1 s '; 1 1 \oJ S t rat e d ; n F; 9 u r e' 2. r; ~ The f 0 u r lower f 1 a 9 s 
are conditio~al ly set a~ a re~ult of -any processor operation wh~e" 
man~pulates oata ~n the-ALU or ~oves dataw~~hin the ~Sl.~l M~Chi~e." 
Data ~oved bet~ee~ a memOry location ana a aeviee ~eg1ste~" will affect 
t~e- ~ond1tion COde~ ~s·w;11 t~~ executtoA of ~n arit~metie o~ logi~al 
opera~ion~ lhe specitic ~ondition code functiOns" f6r each machine ~n~ 
structi on is faUna in The MicroComputer" ~andbook. The Mac:hin~ In­
structio~ Execute area performs the operations dictated-by the fetched 
mac h ; n e ; n S tr u c t ; 0 n.· All ITI e ""' b e r s 0 f the L S 1 - 1"1 Mac h ; 1"\ e 1 ,., s t r u c t i' 0 ". 
Set !'Ii a y t, eel ass ; fie d ; nth e t /"I r e e t 0 1 low; n g 9 'r 0 up $: ' " i:':\, " 

\,'r 
,\~., 1 • Data ~a~1Pu'at1on InStruct10nS .... . . 

~ • Pro g ram Co;, t r 0 1 1 n s t rue t i one 

.a.: uaA.:a:s:s U IiUi.Q$£$MM¥.i iii MuPM M ,it;;; ZI 0) =j~! 



~ ( r 

(; 

.. 
(I 

G 

a 

c' . 

<r: 

a" 

~. 

(E 

0 
C 

c: 

( 

c 

(' 

( 

( 
j 

• 'f (L 

C 
s' 

TH~ L~1.11 MJCh!~t STR~CTURt 
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I 

3. P~ocessor Status ~ord Control Instructions 

T~is ~nstruction group 1,ncludes all s1n~'e and double operand instrut­
tions With the eXC'eptio~ of the PSw ocerators MFPS anO"M1PS. All 1n­
structio~s 1n this group sei, or reset the'ALU Condition, c6~es as a re­
sult of the operat1o~ pe~for~ed. ~one of the instructions in"this 
group can change the proc~ssor priority, PSW ~lT 7, or the trace trap 
er"able, p~w 6IT 4. ,,~-

zaUiiJiU:::UiiAilU !ilIm::! ill::: j, «iAn;;;; H b It 14 111 
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THE LSL-1\ MACH!Nt ~T~U~TURE - _. 

_________________ . _______ .-___ .M_ 
1 1 1 1 , 1 , 
l(P)RIOKITY 1 TIN 1 Z 1 VIC 1 
1 .. t$- 1 1 # 1 1 1 

------_._._--_ .. _-------_.-------
1 '3 2 1 

P: tXTEHNAL INT~R~UPT ENAdLt (BIT <7> ONLY) 

T : TR~Ct TRAP ENABLE 

N: NEGATIVE 

z: 
V : 

c: CA~R'f 

Processor Status Word (P5~) 

Figure 2,5 
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T~E LSI-Ii ~ACrllNt STRUcTUKt 

These i~struct;ons are listed below. 

S1~9"'e Operand 

General: C~RCB), CUM~B), INC(B), ~~C(e), N~G(8), TST(S) 
sn;ft ~ ~otate: ASR(d), ASLCB), RO~~ti), RO~(~), SWAti Muli1~ 
Ple Precision: ADC~6), SeC~6~, 5XT 

Double 
Lo9'c~': 

Operand Ge~eral: MOV(S), CMP(S), ADD, ·su~ . " . 

BIT~B~, B~C~B), 8IS~B~1 XOR 

The KtVl1 E~S/F~5 (~xtended/Float1~g Instruct~on Set) adds 
four fi~ea pOint and four floati"9 pOint instructions to the 
grouo. 

Exten1ed Fixed Po1~t - . 
·'1l)L, ~ IV, ASH, AS~H 

Float1ng Point 
"FADD, FSU8, F~'Ul., FOIV 

. .' 

T~E PROGRAM CONTROL INSTRUCTIONS ARE DIVIDED INTO TWO 
S ',.d:3 .. G k 0 uPS ,DE p t f4 0 I N G 0 !'t ~ HE. T H t R 1 H E - ~ S W ' C U N T t. NT S ARt. A F • 
F~CTEU.- ThE txtCUTION BY THE"PROCESSOR OF A~Y- INSTRUtTION 
IN THE FI~ST -SUd~GROUP HAS NO £FFECT O~ TH~ PSW ~ontin~s~ 
T '"' ; S S I..} b ... 9 r 0 IJ P ; n c 1 u des ' all 8 r a ;, C h , - - J U I'T! P & - Sub r 0 uti n e , and 
M~scel1a~eous'ins~ructions. . . 

Branc"': SR, bNE, BtG, tiPL, 8MI, BV.~ , BVS, I:3CC, 

S;gne1j cond;tional Branch: BGE, B~~I 8GT, ~Lt -
Uns1gnea Condi tional' Branch: 8~ I, BLUS, tj H .IS , 

Jum~ & ~uoroutine; JMP, ~S~, R!S 

~~scella~eous: HALf, WAIT, RtStT, SO~ 

BCS 

BLO 

The secor.d sut"-group of Program Control instruCtions';S executed in 
the Trap ~ Interrupt Service area shown in FigUre 2.4, Thes~ instrUC­
tions can cOl'"lt~ol eve~y w6r~1~g &1t in the ~5W by mov1ng a byte to the 
PSw register from a ve~tor iocation Or from 'the staek~ 

Trap & interrUpt: ~MT, THAP, SPT, ~OT, R!I, RTT 

Processor Status Wore Control Instructions direet control OVer the PSW 
register contents. The co"dition eoce operato~~ maybe used to set or 
Clear anY combination of the Condition cooe~flags. The NOP instru·c .. 
t10n ;s also inclUded here.' " 

Condition Code Qoerators 
Clear: CLt, C~V, eLZ, CLN, eec 
Set; SE~, sty, ~EZ, StN, S~~ 

zu:saaa!il.u Siii £ "i. Xliki, :. IliA;; Ai 
'I."~ 
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Two s;ngle operana ir"lstruct;ons belong to tt'\1s group oecause"" tt'\e1r 
( executio~ aff~cts t~e p~~ register contents, 
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Processor Status ~ord Operators 
~FP5 
t-~ 1 P 5 

The MrPS (Move byte From Processor status word) instruction transfers 
the P~w r~gister COl"\ten~s to the dest~nation COntained t" the i~strue­
t ; 0 n • 1ft h e des t ; r'I a t i 0,., ism 0 0 e 0,· P S W B.I. T~' ; s . s i 9 n ext end e d 
t h r 0 u 9 1"1 t po, € U P per t> y teo t the reg i 5 t e r • H 0 \N eVe r " the rr 0 v e men t 0 f t" e 
PSw contents thrOug~ the procesSOr to the oest1nation wil t mOdify th~ 
i~formatio~ in th~ PS~ register ~~Cording to t~e ~olto~~ng ~ules. . 

t'll = Set ; f PSW 8'; t <1> = 1 : cleared otMerw;Se 
l = Set i f PS~<7:~> - 0; cleared otherwise -
'v = cleared 
C = not af'fected 

The MIPS c~ove oyte To ~rocessor status wOrd) instruction transfers 
the b bfts of the source opera~~ to the PS~ register~ A1l ~orkiM9 
bits ~ay be set or clearea, exceo~ the Trace Trap Enable (P5W' B1t <~>j 
wh;~h may only be cle~reo. 

The LSI-II ~ach1ne instruct10n set contains four additional reserved . . 

;nstruct;On grouPS wn;cM have no assignee mnemOnic: 

The 21R oPcooe (where R is a 0 - 7) caUSeS the conte"ts Of the inter­
nal temporary reg;sters to 6e tra~sferreo to cOnsecut;ve locations po­
inted to by tne conten.ts of register R. Register R ;s not restored-at 
the' end ot e)tecut;on, The interr1al reg;stErs accessed by this ;n­
structi on are il1ustratea i~ Figure· 2,&, ~h~Ch alSo showS their re~a-
t1o~ship to the Proce~sor con~rol Functions. ' 

fMis instruction is useo for ai~gnost1cpurposes only and belongs to 
tl"le D~ta Msn;p1uat;on grOup ~~sted ~bove. 

Machin.level execution of instructi·ons in the ra~ge of ~20.~27 causees 
- . 

control to be transferreo to the microi~struct10n lecateo at m~Croad-
d reS s 3 ~: ~: 'fj (; 1"1 USe r Con t r 0 1 $ t 0 I"' e) .' I f Con t r 0 1st 0 r e' ; s not pre sen t 
(or if it is d1sablec) a reserved instruction trap tnrough mem6rv 10-
c ~ t ; 0 n l~; w; 1 1 0 c cur • ~ See the t 1 ; c roC 0 m put e r H ~ '" d boo I< for ~ . des ~ r '1 p-
t;o~ of illeo~' instruction traps). . , 

Instructions in the range ~7504~ through ~'75777 cause control to be 
transferred to t~e ~icreinstruction located at miCroaddress 3~03 (in 
USer control store), If co~trol store is-"ot prese~t (or 4t it is 
disabled), a reserved instruction .trap t~rough memory 16cat1on 10 will 
occur. 

.j 

::blUll Sid .kill ; iU ; ; $ ala; : II ;Z .t$iPi,tJ .£ &S $ it. d44::= 
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THE LSI-i1 MACH1~~ ST~UCTURE . -

_______________________________________ -_____ ._ .... __ ._e_ 
P~UCtSSOR CONTROL 
-~~~-~---~~~-~-~-
--~-~-~-~---~----

PU~tR SUPPLY STATUS 

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

.. -------... _ ..... _-

POWER-U iJ OPTIONS 
POv.EK-F A lL T ~AtJ 

RUN/hAL.T SwITCH 
CUNSOLE.· UOT - -' __ •. e. _________________________________ -. _______________ _ 

, . 

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

IN~TkUCTION AOoRtSS 
-------.,----------

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

l~STRU~TION TyPl~ 

-----------------DATA MANIPuLATlON 
PS~ CUNTROL 
P·ROGRAM CONT"<Ot... 

--------_ .. --. 
~RUGkAM I FtTCH 
C 0 v ~d E to< l H 7 1 .. - .. ; ~1 A CHI N E I - III - > (1 N;) T I-( U C T ION 

UPtR.6.t\iL) ADDRtSS 

-.----- .. -------

I., r :-.; E j.. ALP U H PUS t. 
t~ E (~ 1 ;S T t. R 5 l R ~j ~ k 5 j 

STACK 
p(Jlt;rE~ lRoJ 

. I INSTRuCT IOr-.c -, . ~~~I~T~R) -- .. --------.. 
ARITHMtTIC LOij!C UNIT 

CONDiTION t;Ot)ES 
.- p S W BIT 5 5· 0 
(Ps ... REGISTER) 

SUukCf. O;;E;.(ANJ 
(SUGRC~ U~tRAND HEGI~TER) 

DtSTINATIU~ OPE~AND 
(DtS1INATIUN OPEKAND 

i 
I .. __ .... -- ........ 

rkAP & 
1 ~n tRRUI=' T 

SE:. RV1CE 
PS~ tjIT 7 
PS~ dIT U 

--------_._--

~E~IST~R) 

I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I , 
I 
I 
I 
I 
I 
I 
I , 
I , 
I 
I 

l--~--.--------- .. -~---~~----~-.---.--.-.------.----- ... ·.1 
--~~~-~-~-~--~~--­~----------~~--~--... __ .. _--_._-----------_ .. _--_ ...... __ ..... _-.. -.-..... . 

Processor Control Functions (With Internal Registers) 
f;gure 2.6 
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THE LSI-Ii ~AL~lNt ~TwUCTu~t PAliE. 2-21 - , 

T~e dva~1~h1'ity of Writeable Control Store enables tMe user to oes1gn 
u~;aue ~~acn;ne IMstruct;ons, These ;nstruCt;ons are baseo on the 
~7bl~X op~rat'o~ code assignment, as shown 1n t 1qure ~.7. 

The execution of any of this type of instructiOn eaus~s control to be· 
tranS fe rre0 to the ~icr01nstruction locatea at add~ess 3001 where the 
microorocessor begins' exe~ution of t~e user-microprogra~med routine, 
Note that all instruct~onS of the 076xXX fo~mat tran~fer Control to 
the sarre m;crolocat;ont3C'~}1), out only occodes in t~e range ~707~0.to 
~76771 ~ay oe ut1~iled ior USer instructionS. The loWer si~ bit poSi­
tio~s may tne n be emploveo by the user to different~ate between -user 
;nstruct;ons or to carrY data to t~e micrcprocessor, 

The Address Ge~eration area serves both the IMstruct10n Address and 
Operand AdOress ~eneraiion functions. InstruCtion' a~dressing emp1~ys 
deo'catea register R7 as the Program Counter (~C) ana incre~ents- the 
COu~t~r by tMe numcer of wOrd ad~resses required by the machine in~ 
structi on currentlY Under executibn. Instruction address1'~9 may a~so 
be ~oaified ty Proqram control 1nstruct1ons, Trap & Interrupt Servi~e, 
Power.Up routines, or o~ oper~tor intervention throug~ ~onS~,e ~O!. 

Operand Address generation supports the eight ~eneral Purpose Reg~ster 
addressing mooes an~ the four Program Counter dddress,ng mOdes for de­
terming the SOurc~ and destination 6pera~os. Kegiste~ Rb, dedicated 
to StaCk Pointe~ -use, is e~p~oyed bY'the Uperand Addre~s gener~tion 
function, l~ac & Interr~Dt Service operat.ons, and by - ~he 
Ju~P ~ Subroutine m~ch;ne instructions in the-Progr~m Control group, -

(J 2 • 2 • 5 ! '" e LSI - 1 1 ~'i r ; t e ? b 1 e Con t r 0' S tor e 

C: 

c 

c: 

( 

( 

( 

• (1 

Tne User,M;crOpro?rammed ~achine'i~struct;on format (illustrated in 
F,iglJre 2,7) tl"'~nste,..s control to tMe user control stOre are~' (~rite. 
able ContrOl StOre). Tne user cO~trol stOre area is composed of ran­
dom' access' Reac1/~r;te semiconductor merr.ory which" conta;ns tne 
user-programmed miCroinstruCtions to be ac~essed by the L51-1! micro~ 
processor. Tne inte~C6nnection between the LSI-ll processor module 
and' tne \o.,r;teabte control Store (~CS) IT'oou1e ;s 'shown, in' Figure 2,8,' 
The ~CS ~cdule ~s Connected to the ~SI-ll ~~ch~ne in tw~ waYs: 

1. LS1-ll System dus 

~. ~;cro~ach;~e M;cr01nstruct;o~ Bus . ' 

2.2.5.1 LSI-1t System ~us connection - This cOnnection is establishe~ 
by t '" e p r ; n ted c ; r c u , t c ,0 n t act f ~ I'" gel" s 'W t'\ i CI"I ; n S e r t ~ n t 0 the ~ y, s t e m 
b a c ~ P 1 a n e • The ~i C S I'1'l 0 d u 1 e c.o I"! t a 1 n s 1 0 2 4 2 4 - b 1 t m ; c r 0 1 0 cat ion s ~w,l"I; C " 
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are oeta; led in Chapter 6. 

2.2.5.2 ~Hcro;nstruc;o~ eus Connect1on - The con~ect;on between the 

LSl·ll ~rocessor control area a~d tMe ~CS ~ooule is establis~ed oy a 
s pee i d 1 ~ ; c r 0 1 n s t rue t ; 0 n d u S (M r 0 ) cab 1 e •.. T net h ; r Ci M I C Fur-: soc: I( e ton 
the'LSl-l1 IT'oaule (t 32 en t h e-M12b4), wh;ch-;s usually occupied by tne 
EIS/FlS octio", provtoes access to t~e ~lB. The· prOcessor control 
ared senos ~icrclocat,on ~arlress 1nfor~ation to the ~CS ~oou'e and t~e 
contents of the selectee location are returned to prO~essor fOr-use by 
the miCro~rOcessOr oS a micrO;~struct;on. The processor WCS pOrt ;s 
Rea~ only: ~CS memory cohtents ca~ be read but not altereo by ,the 
LSI-!I proce~sOr via this por~. The ~CS ~e~OrY perfor~s t~e same 
f~nction with respect-to t~e micromachine a~ dO tMe M1CROMS located"on 
the' LSI-11 moau1e. The detail~ of-micrOinstructiOn access are conta­
;~ea in Chapter 3. 

2.3 ~ACH1Nt UPtRATrON 
- -

2,3.1 Basic Machine Cycle 

The basic machine cycle in its si~plest fOrm is a repe~ting secuence 
of Fetch M~ch;ne Instruction - Execute Macn;n e In~truct;o~ operationS 
as , 11 ustrated in Figure 2.Q. The fetch ·operation may recui~e one 
DATi (0A1A-IN) bus cYcle and the Execute o~erat1on requires one or 
mOr~ bus tycles as oeter m1n ea by the instruct1 0 " 6ei~g exec~ted. 
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2.3.1.1 bUS trror Tr~o - l~rlp~e~ted with the basic mac~i~e cycle is 
the s y s t € ~ bus ~ I" r ,., I" t I" ~l 0 ' ", e c 1-1 a "'; S rr , .oJ '" ; C h a Jr 0\9'$ the pre c e s s 0 r ; M r e • 
cover'~~ from a syst~m ~us error. A bus error occurs ~henever t~e 

processor aaaresses a me~ory (or device) lccat,on wniCh dops not eXist 
on the syste~ eus 01" ~h1cn dO~s Mot res~cno due to ~ malfunction. The 
bUS error trac is initiated by d timeout sequence ~hich is imp,e~en~ed 
in the processor b~s control ci~cuitrY. The bUs erro~ condition oc· 
curs ~nen no ~e~OrY 01" dev~ce resPonse is rece~vea ~1t~iM 1~ m,crose­
COMds after initiat,,,q the bUS cycle. A bus error can occur for the 
FetCh OATI tus cyCle as well as fol" anY bUS cycles performed auring 
the' Execute ocerat;on. The trao which responds to the bUS error 
causes the ~roceSSor to push t~e PC ccu~ter and PSw values onto tne 
stac~ ~no to load new va10es fro~ the tra~ vect6r locatio~s (10 and 
12)'. Tne vector aO(jreSSeS ,contC3il"l tl"le ne~ PC and THt::' new p~w. - • 

when these ocerat;ons have been co mcleteo, the processor ~ill fetch 
its next 1~struction from the location o01Mteo to by the new ~C. 

However, ;t ;s alsO pOssible that a Tetc~ from tne ~emCrY location po­
inted to by the staCk pOinter-w;l 1 also cause a bus error, reSUlting 
;n a double bus error' eO~d;t;on. The-processor response to this con-
dit~on is to enter tne Halt state. Th~ single and douDle Ous error 
trap oper~t~ons are i)lustr~ted in figure 2.13. . 

2.3.1.2 E~ternal Interru~t • The bas;c fe~c~·t~ecute ~aeh;ne cycle 
c ~ n b e !1'1 0 (:I; t ; e d' t 0 ~ 1 1 0 vJ ? n ext ern a i eve n t tOg a inc 0 f"\ t r 0 1 0 f the PI" 0 ~ 
cessOrl as 111ustrateo in Figure ~,11. unce the e~ecution of a 
fetChed ~ach1~e instruction-iS ComPleted, cont~ol passes to a aecisio~ 
which ;~terrc~ates' the maen1ne interrupt status. If an interrupt ;s 
per,O;n g , the ~rocessor action;s nearly ;dent;c~l to that caused by 
t~e trap (tne current PC and ~5w values will be pus~ea 0" the ~tac~ 
ana new 0alues loade~ f~6m the interrupt vector). The interrupt vic~ 
tOr may be automdtical1v Kno~n to the rrOCessor (as in tMe Eye~t in­
terru~t ca~e) Or ~he prOcessor can Obtain the v~ctor trom the inter­
rupti~g e~ternal device (see ~ect~on 2.2.1.~). 

When the PC a~~ PSw contents ~re re~l~cec, control 1s returned to the 
interrupt decision, This ~ontrol flow enables the creation of an ,n­
t err u p t - ( r:. n d t r a c:' ) 0 r ; 0 I" ; t '",. s t r u c t u ret hat 0 e t e r m ; n e s w h ; C l"! 0 1"'1 e 0 '# ' a 
nu~cer o~ s1 multa ne6uslY active interrupts is to receiveserv1ce; 
Note t~at the Qrant1~g Of serVice to exter~al oevice 1nterrupt~ is 
sti 11 aecence~t upon electrical bus position relative to the proces· 
so~. SinCe Control is alwayS retur~ed to the toP of the deCiSion 
pat~, ~1 1 '~terrupts· are assured of service, in oroer of oecreas;ng 
p~iority, before norm~l proqr~m eXecution resumes. -
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2.3.1.3 Co~ti~~d Trap ann Interrupt Cycle • ~ecaus~ of the s1m,~'~r1ty 
bet~ee" the i~terruct and trap operationsl a si~91e miCrOprOgrA~med 
routine i~~lem~nt5 the reQUired- fu~ctionS. Th~ vector 1~fcrmJt1on is 
storeo ,n an i~terndl re~i5ter b~fore the routine is entered~' , An ad­
dit~onal fl~g internal to the ~rocesSor inalcates the dOUble bUS er~or 
conoition isee Secti6n 8.Q). The co~~ineo interrupt anc trap control 
flow diagra~ is il1ustratea in figure 2,12. 

2.3.2 Comclete MacMine-Level OperatinG Cycle 
r 

The esser"ltiJl orincipl~s of t!"\e contrOl flow configuration ;"ustrated 
I .' 

;n r;(1~Jre 2.12 tTay be SUrrmar;zea as follows; 
- -

1. The urtraCoed, uninterrupted mach4ne cycle is a repeat1"g se­
ounce of ~etcn ~acnine Instructio~ - txecute ~ach1ne Instruca 
ticn ocerat;or'ls. 

2. The trap facility allows t~e processor to recover from a 
(s~nqle) tuserrOr conoition. 

3, l~e co~trol flow configuration of the interrypt and trap OP-- ' 

eratiorsl in conju~ct;on wlt h tMe ~ardware st?c k , ;mple~e~ts 
the ~nterruPt ~r~or1ty hterarchy, 

These principles are also aPParent in Figure 2&13, wh,ch ;llust~~tes A 

mOre ex~ct ~achin~«level co~trol flow diagra~: The com~lete aiagra~ 
must ~etail the transfer cf' contrOl betwe~n the machine and m1c~oma­
ch1 n e leVelS and is presen(ed in a later sect,on. F,qure 2,13' il10~­
trates the ~ttch.Execute-lrap/lnterruPt macn1n c cycle ;hich is suffi­
cient for Conventional ~~c~ine level pro~ram~~ng. 'It shoWS t~e loca­
tion in the' c~ntrol f'o~ 6+ the Trace Trap ~it (PSW B1T <4», and' ~he 
E~ternal Interruct Enable 81t (PS~ Bit <7». "Aiso shown are the tw~ 
p~ths to the ~onsole ~Dt/Halt' state,as well as the twO D~ths which 
leave ODT ano re.enter the ~etch.Execut~ ~ycle of t~e Run state. 

2.3.?1 Run/Halt Portion - The Run/Halt portion of F1gure 2.~3 is ex­
tract eo ano i l1ustruted 1~ figUre 2.14. ihe tWO medn~ of entering t~e 
Hal~ state are: c1j t~e execution of the"Halt mac~1ne 1~struct~on and 
(~) the a~sertio~ of the Halt interruPt. °TnE latte~ is asserted ~ia 
the bus co~trol si9nal ~HALT L by setting the front oanel Run/Halt 
S Vol; t c h t 0 r1 a 1 t O'r \:) Y pre s s ; ~ 'j the c 0 r"\ sol e t e r r(' ; n a i B f-< E A K k e 'I • The • p C 
contents are ~r1ntP0 on the' terminal immedtat€ly- upon enter1ng tMi 
Halt stAte. this g;ves t,",e-1ocat;on of' the r"ext ;nstruct;on to be 
Jus t e :t e cut p. 0 , E ; t r, e r the It P II 0 r "G II c 0 rr' rr. and S rn a y bee 1"\ t ere d b Y the 
operator at th~ cCrl"lsole terminal" Er'ltering tne "P" (PkO~£t.D) command 
passes control o1rectlY to the ~ach~ne I~struCtion ~etch -ope~ati~n. 
The uG" lGo) ccrr.mana198oS 'n new PC' value (nnnrnnG) and zeroes the PS~ 
(wh'C h enables e¥te~nal' interrupts) before pass1ng Control to the Ma-
ch1~e Instruction fPt~h op~ration. " 
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2.3.2.2 Tr~(/lntprrupt Pcrtio~ - The 'rap/I~terr~pt portion of 
F1gure 2.13 is €~traCted and i llustratej in ~iqure 2.1~. The Trace 
Trao nas t~e hi9~est ~ach1ne.level priority ana affects control fiow 
befOre any e~ter~al event. The Tra6e Tra~' uses the sa~e ~ector value, 
(Jlu), as t~e break=oi~t Irao(~PT) instruction. The ~ardware trace 
Trap, i~plemented via p6~ GIT u, ana the soft~are Trace Trao, 1~ple· 
~ented via the e~ecut~on 6f the BPT" instruction, are useo to' su~p6rt 
program aeOU9g;ng, 

The txter~~l lnterrupt oisable PSw Bit <7=1» Can a;vert control flow 
arOund ~v~nt and aevice interrupts. When e naoled, the Event ;nter­
rUpt, asserted v;a the ous signal dtVNT L, ~il1 -receive service before 
a"v aev'ce '"terr~pts. All ext~rnal oevices haViMo i~terrupt capabil­
itv assert t~e same i~ter~upt reoue~t li~e, BI~~ L. Interrupt ~r~o~i· 
tv external to the crOcessor is determt~ea by-the po~ition of th~ mo· 
dule in th~ LSI-l1 oacKolane, 

2.3.3 Complete MaChine-Micromachine Operating CYcle 
.. - .. . .... - . 

T~e co~olete control flow diagram wh;ch makes ?pp~r~nt the tr~nsfer of 
control bet~een the mach1n~ an~ micromachine levels is illustrated in 
FigUres 2.10-1 and 2.1b·2~ A-great~r n~mber Of mac~ine inst~uction 
examples are ~seo to represent ihe decisions mace Curing the ~x~c~te 
Mach;~e I~structiO~ o;~~ation of the basic mac~'ne cycle. Many-of the 
examples useo demonstrate the internal Sharing of the microproara~med 
Tra6 / 1nte r ruct service ~out1ne.' ,- - - . 

~ , 

2.3.3.1 buS trror Processing - The entrY point at the top of the 
Power-Wo decis;on floW in rigure 2.16-2 ;s t~e-result of a hardware 
reset in the case of a Ous error. A wa;t state OCCurs due to a~ u~· 
responding cus aeviC~, cut the wait is terminateo by a 10 micr6second 
tim~r on the LSI-lt that CPU mOdu1e resets the- microproces~o~. When 
reset, the micrOprocessOr-begins executing microinstract1~~s at micro. 
location G~Gl, Tne FDIN (fas~ Data-In) operation is used to ~o o~ter­
min~ hO~ control flew arr{ved at-that entry point, either by bus ~rror 
o r t) v P 0 ~ e r" U ~ • I f a b' Use r r 0 f' \of as' the c a use, , 0 M 1 y 0 1"1 e . 0 f the 6 ' pO S -
s;ble bus error types w; 11 result 'n o"trao t~rougn vector location 
00a~ T~e first cossio1e bus er~Or is usee by a m1cro pr 6Qra mm ed- UO T 
routine to aetermin e memory size (Boot self-Size). The second bui 
error type Occurs ~~en the operatOr atte~ct~ to e~a~ine (us1n~ Consol~ 
OCTl a ~emcry or deVice register Which doeS "ot respond_ In thiS 
case, control ;s ,.etur~ed to a p01nt with;!"" the ODT micrOCOde "and a 
"?" is printeo on the co~sble terminal, 1Me next three bus erro~ 
tYpes are regarOed as fata" anCl result i"'-a processor Halt" These er .. 
rors oCcur (1) when an ~nterruPting dev1~e does not r~turl"l ~ ve~tor, 
( 2 ) \IV '"' e ~ 3 rr, i c r 0 pro 9 r a rrl rt'\ ed, ref res h doe s . not r e c e i v ear e ply)" 0 r 
(3 ) w n e n a d cub 1 e 0 uSe r r c r ,0 c; cur s • \5 

,'4, '-:~ 
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2.3.3.2 Trap/I~terrupt Processt~g - T~e lrap/lnte~rupt oecis1cn flow 
i n d ; cat est ~ e c r ; 0 r i t y w; t h ~ h 1 c h t 1"1 em; c r ~ rr. den; 'r'! e ; ~ t err U 0 t reg 1 s t e r 
is ~nterrogateo. This ir'!ternal micromachine' i~tprrupt rpqister ;s 11-
lustrateo 1~ F1gu~e ~.17. Of tMe seve~ i~terrupts, tour Are external 
ana three a~e 1ntern~11 An~nternal interruct 1n t"is conte-t is one 
~hic~ c~~ ce set or reset onlY under miCroprogram contr61. 

The h1gh~st prior1ty 1~terrupt· is 16 which is Used only at the micro­
machine level to oeterm;ne whetner a~ external interrupt 
Ci2: tvent, 13: Dev;ce) ;s pend;nq. T~;s fac; l;ty enables a lengthy 
mieroroutine to acort execution ana gra~t interru~t service to the 
e.ter~al tvent or Device 1nterruots only. If 12 lor 13 is asserted, 
wh; Ie 10 ;s el"\ab 1eo, control ;s transferred"to' rr,i 'cro1ocat;o" 30\1J4 from 
any' IT'; e r 0 ; '"' s t rue t ; 0 n .\~ h ; C h has the 'R 5 V C b; t C b 1 t <: 1 7 > ) set t 0 a " 1 " 
after the ne~t sucsequent micrOin~truction is execuied (only if nei­
the~one of tne ~icr01nst~uctiO"s is a JU~P Or Heturn from Subroutine 
m;cro;nstruct1on). 

I 
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2.3.3.3 ~o~~r·up Process,ng - If the toe oec1sion 1M t~e Power-Up 
flow nete~~1nes that no bus errO~ OCCurea, a ~owe~·Up routine begins~ 
The first evr~t is to issue an in~ti~lizaticn signal on el~IT Land 
then w~it for ~~S cOwer to come u~ (PPCK h aCtlve). !f enaoled, dy. 
nam1C ~e~Cr~ refr~sh wi I 1 also occur in this se~uence. ~hen bus oower 
a r r , v e s , t ,., e j u f11 per e ;..-; ~ 0 '" e r .. U pOp t ; 0 n ; s r3 c c e sse d b y the M; C r 0 prO C e s -
sor' tnrouq~ the FUIN operation and 6erfor~ea. T~e four possible Power 
Up ~odes are listeo b~low: -

; ~ : 

; 5 : 

i 2: 

; 3 : 

TMe PC counter ana the PS~ are loadea from low 
cat;ons 24 and 20, respect;vely ar-o macn;ne ex. 
ecution beqins, If ~HALr L i's ~sserted, con. 
trol w;ll be returnea to Co~sole·~DT/H?lt. 

i10Ut 1 .. control passes ;mmeoiately to console ODT/~alt. 

e.ternal 

internal 

e)Cternal 

external 

The proceSsor PC is loaded with 173000, the PSw 
with 2rh.'i (!:.xternal' interrupts D1sabled)" and 
~ach;ne execution begins. As ;n MUDt J, tne 
processor 'will halt before the first-instruc-
tion is eXec~ted i~ ~HA~T L is ass~rted. 

~ontrol is ;~m.eo;ately goes to microlocat1on 
..s ii, kJ 2· , the cor, t r 0 1 s tor e e n try p '0 ; n t for a 
user-~;Croproqrammed bOOtstrap rOutine, The 
status' of ~rlALT L "'a: fie effect OM this control 
tr~nsfer. 'If control store does not ex~st at 
th~t micro~adress, a trap to v~ctor loc~tion 1~ 
oCCl.Jrs~ 

power-tail/halt interrupt 

enable external interrUPts ; 2 ana ; 3 
(compleme"t of psw bit-7l 

event 1nte~ruDt 

device interrupt 

f;gure.2.17 



( 

( 

0 
( 

G 

<I 

i 
I' (, 

c: 

(I' 

(~ 

C 

0 
C 

C 

( 

C 

C 

f 

C 

(; • (1 

T "1 E. LSI - 1 \ "1 l. C ~ l 1; t ~ T F U C T U ~ f.. 

T~e Refresh ir"lterrlJct (;1") has the l'I;gl'"lest pr;Cr;tv of all ;nterruDts 
external to tne micromac~,~e. ~hen e~abled V~d a ju~per O~ the LSI~11 
oro C e s s ;) ,. , 1 ~; i S 3 sse r teo P. v e ,. y 1. b - I'T' ; 1 1 ; sec 0 ~ r"'l S • Tn, s ; n t ~ r r u p t ; 5 

uS U?' 1 y t,.. a", 5 C'-<'3 ,.. (;; r'I t tot I-l e ~ ~ C h ; n e - 1 eve 1 . ope rat ; on 0 f' t 1"1 e pre C e 5 So r. 

The refresh (~FkSH) o~eratio" which follows 10 has control tra"sfe~ 

lin~s to the ~AIl (~Arl ~ach~ne instruction, to tne ~Ol~-POK seQuence 
a"d to the UnT/~alt routine. T~ese links exist hy ~~~ns of spec~al 
translatio"s ~hich are 1~plemente~ 1" the micrOprocessor control c~ip. 

T~e T~ace Trap tiit (14), the lxternal Interrupt ~n~ble Bit (15) and 
t~e t~o exter~al 1nterrupts, tvent (12) ana Device (15), are uncha"~ed 
from their "'e~rese"tation in Fi1 ur e"2.15. HoweVer, t~e e~ternal Halt 
interruat sncw~ in t~e earlier figure is shdred with the Power-F~il 
fUnCt10~ ~P~~AL!). T~e ~icroma~hin~ em~loyS a"Fast D~t~-ln op~r~tion 
to determine which event ~as cccured, 

The Trac/l~terru~t priority structure is the ccmpos~te result of th~ 

internel micro~ach1ne inter~upt register priorities, the micropro· 
grammed Po~ar·Uc and bus error ~out1nes, and the over-all cOntrol flOW 
cont;gurat;on. The combined crior1t;es ~~Y be Ordereo as follOWS: -

1. Bus trror T~8P 

2. txternal Interrupt Test (16) 

3. Memory Refresh 

~. "i"l a ~ Ii ; n e Ins t r u ~ t ion Traps 

5, Hardware Trace TraP 

8. tvent Line InterrUPt 

9. 0evice (BUS) Interrupt Hequest 
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Tht LSI-1! ~lCRO~AChINt STRUCTURt 

T~e LSI~11. processor 1 llustrated in Figure 2.3 is imclemented Dy a 
Large.Scale~Integrated ~icroprocessor which is microp~ogr~~med to emu~ 
l~te the PDP~tlarchitett~re1 t mulation is the techMiQuewhereby the 
q~ner~l resources of the microproce~sor a~e maOe to s~rve as the spec~ 
ific ~rchitectual components (GP ~egisters, 16-bit ALU, etc,) of ~he 
LSI~li. Th1S c~apte~ contains a de~atleo descriPtion-of the micropro·" 
cessof 0h)ch is ~ade Up of tnA control ihip anO the dat~ ~h~p· on the 
LSI-11 modul€" 

For tne pur~oses of microcrogra mm 1ng, it is useful to view the control 
anD data cS1~s asa ~ingfe m1cropr6cesscr~ Tha~ the entire mi~ropr~~ 
cesso~ can ba i~ple~entea on only ~two 40.pin Lsi chips is due""to"eff1-
cient DArtitioninq of the miCroprocessOr func~ions, The major inter­
co~nect1o~ 6ath between the two cMips is the Microlnstr~cttO" ~us 
(MI~)' In adaition to crOvid,ng a common bus tor the micromachine in­
structions,"the MIS is ~lso time~m~ltiPlexed to ~roV~d~ aUM111"1~ry 
C 0 !"i t r v 1 p <l t h S bet "-i e e Ii the O? t ? I . Con t r 0 " a n a !~l ,le R ~ M eM; p s • ' 

3.2 fHt MICROPHOCESSOR 
- - . ~ - . 

The complete microprocessor is illustrated ~n ~igure ~.!. There are 
s €, V E: r Q 1 s ; 1')1; I Q ,.. it; e s ~>i M ; chiT! ~ Y b e () f' awn bet w e r; n t Ii ; s ill u s t rat i 0 f"t a II d 
Figure 2.~ (LSI-Il Proces~Or)~ doth figures contain a register f~le 
a~d an Jrithnetic lOg1c unit and there is also a ~emo~y CO~conent e~i­
dent in"both figUres. ~igure·2.3 contains the sYstem ~e~OrY while 
Figure 3.1 contains t~e MICROMS, However, t~e programs contained" in 
the MIC~O~S (along ~it~ t~e facilities of the translati6n array) ~ffi­
ciently c~ganize the Fesource~ of the m1cr00rOCessor to achieve ari em­
ulation of the r.'achine~"leve"1 architectuI"'f; showi'"l in Figwre' 2~3. An ex­
amrla of thE' oi f1eref"1ces in- t;,e" t',~o architectures-may be seen in the 
reg~ster f1 les~ All si~ of the general pur00se registers in the 
L5I~11 processor are lb~bits w1ae a~d"suc~ort both byte and w6rd ad­
oressinq. However' the register file in the ~icroprocessor is com~ 
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posed of 20 ~~o;t cytes ~hic~ support a combination of a;rect and in­
direct addressinq mOdes, The register iabels~cbrrespond to t~e six 
\~f:'l"Ie'r~)l' pl;rcose r"eoi sters, the stack Poi nter, the program Counter, ~nd 
the five 1"tern~1 r~qisters indic~ted i~ Figure 2.6.' ' 

There is a master co~trol section i~ figure 3. 1 which is roughly anal-
o 9 0 u s t ,,' the prO C e s s 0 r C (') n t r 0 1 sec t 1 0 r"l ; n F i' 9 u r e' 2. 3 • A 1 ,1 m 1 C r () m a .. 
chi~e ;~struct;ons, wnet~er fetcheo from MICROM or from user control 
s t ere i I"l the y. C ~ Ti 0 d lJ 1 e I d r e loa d e d ; 1'" tot he m1 c r 0 ; "s t rue t ; 0 rI r e q ; s t e r 
fOr execution at the ~icromachine level,' The two Data/Address 
(DA/AGR) ,.e~l;stersl the two frc)nslation (TR) registers and-the Inter­
ruot (I~T) register orovide registe~ 1nt~rface and buffer functons 
between the miCromachine ~nd the outsioe world of the LS1~11 s~ste~ 
bus. To co~plete the' analogy with Figure 2~3, the LSi-II system bu~ 
; s tot 'I; e ri· i c r 0 prO c e s s b r ;) s ' the I r'H.HJ t / 0 u t r:.) lJ t d e v l' c e s are tot h e 
LSI9¢11 orocessor. . .. 
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Figure 3.2 ~rov1oes an overview of microprocessor operations. The 
figure is in the same format ~s figure 2.4, ~processor to~trol Func. 
t;ons). The Compl-Jte anej Keset cOf1trolS and the H;Cr010C4:1t;on .AddreSS 
Generation functions are discussed i~ sectio~ 3_5.2~ The M1croin. 
struc~1on Execution f~nCtions a~e discussed in Section ~,~,l. 

3.3 MICRUPkOC~~SU~ PARTllIONlNG 
.. - -

The effectiveness of the microprocessor rartitioni"q 15 illustrated in 
Figure 5.3. All chies withi" t~e mic~omac~ine (CO~trol, Daia, MI­
C~OMSl receive ~ four~phase micromachine c16c~ from the LSI-if circui­
trY. The 22-0it miCrOinstruCt~on bus prov1oes a communica~16n path 
betheen all ~icromachine elements, Sixteen 1 tnes of the MI~ are c;m~ 
mon to a1 1 t~ree chip types, while Mld<16> and Mld<17> are ~onnected 
o f"l 1 y l<) e t Wee r"I the f'" I C R U H C;-I; Q san d the C 0 r"I t r 0 1" Chi p • .- The . 1 f) st t 0 u r ' 
1 i n e S I ( to': I }) <: 2. 1 ~ 1 8 > j . 1 e a ':J d ire c t 1 y f f'" C rr: the 1-1 1 C R () M eli; pst 0 the TTL 
control loq~Con the LSl~11 module, The TTL control logic is com¢o~ed 
of the HUS" Transceivers and Interface LC~ic sho~~ i": Fig~~~ 3.1.· The 
ope I" at; 0 ~ of this logiC is de t a; 1 e d " in The M i c r Q com put e rH Q ~ d b 0 ~ k ,. 
l'he signal paths ~)i1d cOf"lt,..ol- functions on tne" LSI;"11 system bus side 
Of this' lbgic ~ere ~'sc~ssed in Chapter i. The c;nne6t1ons on the mi~ 
cr'O!:oia~h;ne Si(1e are 1 ;steo in" f".;gure 3."~. . . . 

The Special control Functions whic~ are generated by the ij highest MI-
"" . 

CROM bits (~I~c21:18» are aistributed to the t~o major 16gicarea s as 
listed in Figure 3,~. 

313~1 MicroprocessQr D~ta ~hio 

The com~O~ents Of the microprocessor which are imcleme~ted 1r the Data 
chip have tee~ extracted" from Figure 3~1 and areil1ustrated-i~ 
Ftgure 5.~~ The data Chic is Con~etted to t~e sixteen lowest l~n~S of 
tne Micrdi~struction Sus (NIB<lS:00» ana to the rlAIT s1gnal~ !h~ 
data chip·s access to th~ L~I-l1 system 6~s is provided'by ~DAL<07;00> 
afi('J ~'iO~\l' <~5:(i!b>1t fiicroir"lstruct;ons fetcr'!f~a 1rornMI~RoM ,are loa(j(~d 
into the Microlnstruetion Register (MIP) for executio~ by the data 
chip$ The' Mlb also provioes a signal path back to the contr61 cAi~ 
for-eonoitio~al jump instruction results~ The 16 ~DAl lines provide 
b101reCtional access to th~ LSI-II SYste~ bus l1ne~, BDAL L<15;00>. 
The outout ~ath'of the ~DAL lines is tuffereo Oy t~e two Data/Address 
Reg1st e rs' "UA/AOR R0 and OA/AOH Rl, which hold the Output da~a or ~d-
dress ;nfCr~3t;on for the L~l~li bus dr;verS ft " 

The major elements of tne data cM1c are listed as fol lOwS: . -

1. Microinstruction Register 

2. Register File and Indirect Addressing Register 
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3.3,,\.1 1Y\;croi n struction Ke9;st(~r lIP ~"iicrom;3CMil"'1e instructions deliv­
erE' (J tOt n e vat a chi p s are 1 () ad e d ; n tot he' M IH f 0 I'" ex e C LJ t ; 0 nit The 
p 0 r t i 0"" 0 f the f'i IKe 0 f"I t a ; r: e (j i n t ~ e (j a t a c h ; p " son 1 y 8 1'.); t s \-;; de, r e ~ 
fleeting the tact thai only Mtcrolnstru~t~o~ Bus lines Mlti 00·15 are 
connecteo to the data chip~ The MIH supports four types of m1croin~ 
struct10n cccooe form~ts,as listco below: 

2~ Cordit1onel Jump Format 

.5. Li teral F'or-mat 
'- , 

lhe Jum~ format is illustrated in Figure 3.7. The oCCOde occupies 
bits <15;12> aro is ~oual to 0 (0000). The jump addreis is contained 
i~ tits <10:Cl> ?nO this 11"bit Jump address 6an transfer m1croma~hine 
control to anY of the ~~,(~8 F!1;CrOlo~at;onS ~ddress<)ble witrdn the co,,"; 
trol store. 

The seco~o of the two possible Jump format 1nstructio"s is determ.ned 
by b~t·l1· of the microinstruc~ionw When ~it 11 i~ a" 1, t~e m1c~oi~~ 
structio~ executes a ~eturn From Subroutine (RFSJ ·o6erat1on~ The 
L~I~11 micrcprocess6r sup~ort~ onlY one level at suorou€ine at the ~i~ 
croorogram~~ng level, 

The CO~ditional Jump format is shown in Figure 3,8. The conditional" 
JUmP micro1~struct1on i~ dif"ferentiated trom-the previous CUnC~~di~ 
tio~al) Ju~c microinstruction by the contents of the occod~' field. 
C6n o i t 10n B l -jU~CS are ino1c~ted w~e~ bits <15:12> are a 1 -(0001~. !h~ 
conditio~ field, tits <11:8>, indicate which cOndition must be s~t1s· 

f ; e (.1 for the j Ij!'l'1 P t" Q t a k e P 1 Q C e 1'1 • 'T h e C () n d i t i 0 I~ t est s the A L U s t Q t U 5 
bit and conaition eooe tl~gs os well as an Indirect ~ond1tion St~tus 
bit, If ju~p Ccnditio~s ~re satiif~ed, ~icrom~Chine Cont~o~ is tra"s~ 
f~rred to the ~icrclocati6n "conta1n~d in" the "8~bit' address fte~d~ 
S; t""ce or 1 YEt'; t S cOre avai 1 at) 1 e for adcj ress ; rdorrn at ion, Cor,t rO'l I'(1dY 
be ~r3nsferred to only locatib~s with1" the cu~rent IdS loc~tion page. 
The ~~~ai~inq 3 address b~ts whiCh were eVident in the (UnC;~diti6~alj 
Ju~P m1c~oi~struct~on are" deter~inea by the (U~d~ted~ 'v~lue of ihj 
current locat1on counter, 

_zSsaUiiiZii :.abba is Ii u.s: 1WiM 
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Li ter'al +orrnat 
, , 

The Literal For~et m1croi~str~ct~o~, illustrated in figwre 3,9, pro· 
vides ~ me~n5 far generat1~0 constants wit~1~ a m1croorogra m• The 
contents of the 8"bit litera1' field dre oeterm1neo at' the time of mi­
crOprogram asse~bly ~nd may"not be changed by ~he execution of any ~i­
crofnstruct~on~ The rema~ning fiala,'bits <3:0>, is ca11ed the A 
fie"d a~d' oeter~iAes ~h1ch microprocessor register is acc~ssed through 
the' "A 11 reg; s t e r port, 

The Register ~Ormat microinstruction, illustrated in ~igure 3.1~, con­
tai~s a secoi"'lQ register field, the "B" field, The t; pOrt on the mi­
croprocesscr register file is a Read only port, whereas the A port is 
a kedd/~rite port. Register format microinstructioni are eit~er byte 
Or WOrd i"structions. In the cas~ of a byte operation,' th~ m1croin~ 
struction executes in one micr6mac h ine cycle ~na-tMe ocerands are de­
termi~eH by the Contents oft~e A-anO 8' regist~r fields~ A ~or~ 6Pe r -
atibn re~uires two micromachine cycles to e~ecute. The second byte 'of 
a woro Operd"ds is 6eter~1ned by ComPlementing" the lowest 'bit of the 
reg1ster fiela dUring ~he second microm~ch1ne cycle. Thus the lo~ 
byt~ of a ~or6 1~struct~on is sUPP'lied by t~e ~ontent~, of R~ (or' '~b) 
and the high byte is s~pplie6 by-the contents of Ra + or • 1 (or H6 + 
or S" 1). The "AlU's status bit and Co~d1t1bn code flags reflect the 
result of a word coeration i~ the case of a word ~1cro1nstr0ction," 
Just as theY reflect the ~esult of a bY~e ooerition in the caSe of a 
byte rricroi!""strLJction. f)irect and indirect register addressing i.s 
supeorted by rot~ ~ and B register f1'elds, 

3 1lI 3" 1 • 2 Reg; s t e r F ; 1 e ana r" (j ; , r e c t .A a d f'\ e $ S ,in 9 Register w The reg ,1 "st e r 
file is co~posed of 20 B~bit registers which provide temporarY storage 
for 'data and adOre SS in~ormatioM fo~ wSe by e'itne r ~achi~e tor micro· 
machiAe) . level proqram~. 'These registers supply opera~ds-to the ALU 
without sYste~ bu~ cycles and ~re tn~refcre ac~essed ~t-h~gh speed, - -

The contents of the register file ~ay be accessed either directly or 
Ind~rectly. One grou~ of registe~s may b~ access~a only Jirectly, a 
secono group only inoirect1YI and a thi~d grou~ may be accessed" 1~ ei~ 
the r way, as ~11ust~ated in FigU~e 3.11. ThiS ~lJustration uSes the 
co!"'ver.tiol'! that directly aadressed req;sters are preceded by "k!! a,.,d 
ind1r-ectlY ao(~ressed re:~isters are prec€oed bY "G". "Figure 3.i1 81S0 
tnd~cates tne macnine- Or microm~Chine~level use 61 each register, ' 

! , 

The three h1ghest bits of the A and B register fields determine wheth­
e r cii r ~~ c tor ; no; r € eta d d res sin q ; s ; net fee t • ~,; hen the t" h r e e h, 9 h est 
bits are all zerol indirect Mooe is indicated ~nd the G register con~ 
triOl)tes'its three t)its to the final, in~1;rect register ad(jress. 
S ; nee t t'l e 1 0 Vi est bit ; r;' e '? en, f ; ~ 1 ("j fTl () Y bee; t h if: I'" a 1 c,.. a ~) t ; "d ; r e c t 
WOre ~ddressing is achieved by co~plement~ng the lowest bit during the 

_ axaealJl!5S 2!iI.i au: MU>, 
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f~O sec t) r. dey c 1 e 0 fat It, t,) ... eye 1 e W 0 r d rn i c r 0 ; 1" s t !" U c t 1 0 n • F , 9 u r e ~~ 1\ 1 2 ; 1 1 us ... 
trates indirect addreSSing ~s used with the Literal m1croinStruction. 
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I UP CDUE LITtRAL FIELD I A R~GISTER i 
;~~~~~~~14~~:~~~#~~~1~~~1~~~#~~~1~~..t..1~~~#~~~:,J. .... ~1~~~#~~~I~~~I~~~I 
'lS 14' 15 . 12 . 11 . 10 9' ~ . 7 - 6 ~ 4' 5 - 2 - i - 0' 

LITERA\.. FORMAT 

..}.,.J,..I.c..b ...... ..J,. ,... ... ~~·~ . .4-...b,..J,.'"" ....... ,.!...b,J,..)....t...t".""...b.""".t,. •. ,j,. ..... "' ... ,.J.,"" .. ~..t..cj". .... "I.,,J., ...... d..,J,,..,l.,J.....!, • ...b.1,...J.,..J....a....a,..,d,...b..,&,.,J...A. • .J....I. -t . . - .. - . I - . J - - - - I -. - - - - - - I 
I 'UP CODE 11/01 8 RtGI~TER I A R~GISTER r 

, ,J..~-J,. t: 4"''&, ! ,.I..~."'" I ~~,j • .tt ~..!..~~ I..,,,,~ .. ,,,,, 1 .. ..", ... # "'"J...~~ I..a. .... ~, .. L.t.. ..... ~ UJ .. "~'~ I...!.""".J.. 1.",-,- ~ to' ,J",J,.~ L~~.":' I ~,".J,. , 
-1~ - 1~ Ij 12 "Ii 10' 9 . d . I - b - S - 4 - ~ - 2 1 - 0 
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PDP'II 11 l)t:.CI~1AL 

usc () C T ~.\L .. 
GREG CUNfENTS 

erNr~}~y 

DECIMAL 
I OCTAl~ USE 

J I 

i---·-----~~~W __ S_ft_~~_I 
R~ HI I (15) G01 G01 (U8) r 

1~~~··R-~---~~m~4·--~~·f 

Rl 1"11 I (15) v) v) 1 
:_me_~~~m~~~_~_~.uwM~~~1 

R 2 l,. 0 I (c.) 7) G iJ oJ G rdJ ( I~~ ;1) i 

R2 HI I (15) G~5 G~5 (L8) f 
}W_~1-~_ •• e~~.N~~· __ ~~~1 

H 3 I .. 0 I ( v_; 7 ) f3 ~ ~ 6 G ~'J 6 ( f:.1\/; ) f 'Ot1 
l·m~~eg_'~_. ____ M.~~_~.' 

R3 hI I (15) G07 G~7 C~8) r ~J 11 
I-~~~~·-~-~~~~~~~~_~~N_i 

R4 LO I (J7) G08 G10 (00) r 
'9~ __ ~~~~ __ ~~~.~~~g~mm~1 

R4 HI I 'ClS) G09 Gil (08) r 
:~~~~~~_m._~~_.~~N· __ ~~1 

R5 ~O ; (07) G10 Gl~ (00) ~ 
1~_-~~ __ Q~$W_~._~~_~9~_1 

1 n 1 

RS 1'1 I I (15) Gll G13 (88) I 
/ t~~~~P~.~~~~~M~-~~·~-Q~f 

SP LQ I (~7) G12 G14 C~J) r 
'~_~_~M~_~~a~_~~~_._~~~; 

S P r1 I I (1 5 ) G 1 .3 G 1 5 ( k) B ) j' 11 k'1 
1~~··~0_~-~~~~-'~~.w~--1 

PC LO : (~7) Gla .G16 (~J) ~ 111 
l~~~~ft~_S~W~~~~~-~~~~~~1 

PC HI I (15) 'G1S Gil (08) r 111 

II' 
I 
I 

A ; PO!~T 

: 
\11 

I "j 
"" ...... '''"''It ..... __ "''''' 

:~0\)RtSSING 

AOtJRl:.S~rNG 
"~~~~~~;~ __ 1_~MW·~_~~_1 

,.. ...... _",. ... -..................... 

LO dYTE 

HI t;YTE 

; (07) R02 R02 (00) I R~A LO 

~ (15) R03 R~3 (08) I R8A HI 
I_~·_~D~_.W~ __ ~_~_~~_~·I 
r (07) R04 R0Q CU~) I RSRC ~o 

r (1~) R05 R~5 (08) , RSRC HI 
i·~ __ n.~_" __ .~.~.e~·~-·I 

( ~:1 It' ) I R () S T L.. a 
tn~. ___ ~_q __ ._m··-~---·I 

~ (15) R07 R07 (08) I ROST HI 
l_ftM_~~._~._~_8~_q~ ____ 1 

r (~7) Ru8 Rl~ (00) I RIR LO 
(_~_~~"~~q~. __ ~d __ ;~. __ 1 

~ '~lS) R09 Rl1 ~0e) I RIR HI 
1_8_~~~~W~."~_~_~~~ ____ ; 

'r (07) H10 R12 C~0) , RPSW LO· 
i~~_··~n"_~_~_~~ft-~~.~~l 

r (15) Hil R13 (08).1 RPSW HI 
1~~~_Q"~~~~9~_~_~~~ __ ~_1 
r (~7) H12 R14 (00) I 5P La 
IM~~.~~$~ .• ~.~;_G_~ ____ I 
r (is) kl~ R15 (08) I SP HI 
(_~~~M_~w~~~.~~~_e~~~·~1 

r (07) R14 R16 C~~) I PC LO 
Ip~~_9_~ __ 9_eQ~m~~~w_a., 
((15) Hl~ R!' ~0~)1 PC . HI ___ .w~~_.W. __ ~.ffl __ ."_ft 

I 
B I PuR r , 

\11 

11\ 
I , 

l. I. f~ORT 
I 

\(1 

PIR~C! AND INDI~E~T REG13rER AOOR~s~I~G 

FIGljf~f:. 3.11 
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for~at. It should be noted that all Literal fOrmat microinstructions 
are" si~91e·cycle end also that"since the re~ister +ield is in the A 
pos't1o~, reqister access is ob~ained through the Read/~rite registe~ 
1;1~~ port. 

Indirect dOCr2ss;ng with a Register format m;cro;~struct1on is illus­
trate<:1 in Fiqure '5,1). ine G r~~9ister COMtents al"'{;~ tl"le same for' both 
the A and e- f 1eld inoirect 3d~resses. The regist~r aoares~1"g mOdes 
used in the Register FOrmat may t)e any combination Of'direCt and indi­
rect ~Odes~ Ad6it1onal s6eci~ic oetails of R~g~ster Format microin. 
structions are supplieo' in ~h~pter", The M1cromach1n~ Instruct~on 
Set" 

Data ~ay be written into specified register lOCations only through the 
A port. There are four possible data sources wh1ch lead to the A 
port, 1 i ste:1 as fOIl O~'Js~ 

1) ,~LU Outr,l.Jt 

2) 

T~e output of the ALU is returned to" the register 
f , 1 e. 

ALU Status eit a~d Condition Code rlaQs 
."'- .... 

Tre result of ALU ooerations as ~onitored by the 
5t~tUS bit a~d conoition code flags may b~ stored in 
a specified' reg1ste~. 

~) 7'iDAL<15:~3d> 

Since the ~rite access to the register file is only 
8 l.? its ",Ii 0 e I ~ n 0 per at; 0 n w h ; C h 1 c~) d s' a CO!'J'l p1 e t e 
~oro (loW and h1qh OY~e) from the ~SI·\l Syst em - bu~ 
must require ~t least two ~~cromachine tYcles, 

The In a1 rect or G register supplies the 3 highest bits of the final 
a-bit inoirect register address, The G register is loadeo only via 
the" Load G Lo~ (LGL) or Inp~t hord CIW) ~icro1nstruction~ which ari 
des C r i t; e 0 ,- i f"I t h f~ " n ~ "l( t Chi:,? P t f;~ r It t-j 0 t e t hat the 'r e i s nom. e c h ~ n ; s m 14 hie ri 
inc~ements. oecremen ts , or ~lears the G register ~ont~nts,' " 

3,3~1.3 Arithmetic Loqi C Unit ~ The microprocessor data ChiP ALU ac­
cepts a~ e~hit o~erand each from the A ~nd B port~ 61' the regisier 
file8 Doth register ports oPerate in the Read mode to SUPC1Y the' oP­
erands end tne AlU result is stOrba in d register through the A port 
wniCM tnen operates in the write mode~ t~e ~LU perfoFms extensive 
logical ana a~ithmetic operations. Arith met1c op~raio~s executed' at 
the ~~crO~~ChinC level ~ay u~e two's ComPle~e~to~ deCimal (beD) 
nu~Oer rep~0sentat1on3 Byte operdt1ons are e~ecutea 1~ a siMgl~ ~1~ 
crO~achlne CYCle ~h11e ~Qrd operatibns require tw6 cY~l~s, 

• & ."SUiiliiit: 21 a .. 1 
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B RE:.GI~TER A RtGrSTER 
rlEL0 fiELD 

"" J,..A,.,.&.,,!.. .,a. . .,!. ... .J.,""'".J.- ........... . ~.J,...,J.. ..... ...l,.,~~!. ..I.,t.-,.\.,b.J" ........... ..J....!. .,4,..!.,...J. ,,&,..,J,,~ . ..&. ..a.. .L d.~!'.,A.. .,ft • ..,j,.~" .. "'"_!..,&..4.J,. ...... ..\....&. .4 ......... ~ ................... I' . . . . - . - . -: . I " . I····' - , 'I 
OP LOuE FIELD I 0 0 ~ l/UI 0 e 0 1/01 

I ' I ' - N' 'I ' ' I I " ! I . I I ' ,. 1~4~~~~~~~~'~~~~~~4 ~.41~~~#~~~ ~~~I~~.~~~.'~~~ ~~~~~~~I~~ ..... ~~~ 
'1S 14 1$ 12' 11 . 1~ Q - 8 7 - b ·S 4 3' 2 . i - 0 

G RlG1STER CQNTlNTS 
.. (PUTh SA~~f~)-

\ I I \ i I 
~ ••• ----~ I· ___ ._~.a_ I 
INDIRtCr: I IND1~ECT: I 
v 1 ,1\, G" R ~ G VI A G ,. R E. G I 

""'4"t.....I.-.l.+ .. ."f"..~·"!"..J,, I . I - . I' . I 
~~~>11/011/011/01 

I ~." .. '"'" I ~"".h 1..a.'~"J. I 
I - I" I 

I 
""'.~"'v!. ..b4--,"-&.............. I I - - I' . I' . I I 
11/(~11/0;1/01 I 

I I - I - I - I 
I .J.. •• I . ..r....,A.-l. I .......... 

I - I - " . - I .~ 

I I I I I 'I I 
\,l \1/ ~(I \1/ \1/ ,II \1/ \(1 

\ / \ I 
... ~ ..... ,..~ .... """ .... -.... 

fINAL INU1RECT ~INAL INOIRtCT.· 
8~PORT REG1STE~ ~~pORr R~G1sjE~ 

ADoRt3~ , ADDR~S~' - . 
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3~3.1.U Status Bits and Condition Code Flags ~ The results of ALU op­
erations a~e monito~ed -by the sfatus cit and condition code 11ag5. 
These flags are or9~nized in a register format and are' ucdated ~fter 
e~ch ~LU operatio~.· ~igure 3~14 i1 lustrate~ the flag register or~ani­
z~t~on. The Ccnd~tio~ Coje flags are up6ated ~elect1vely. A ~~ven 
Reg 1ster FOrmnt micro,nstruct1on ~il 1 l~ave the CO~dit1o~ coce flags 
unm60ifiea if the opCode is a~ even nUmber, ~hereas an opcode having 
a nod d n lJ :(: t e r '", ill LJ p d ate t h p f 1 a q s ,. T h ; s f t~ a t u r e ; s tj s e f u 1 ; n - per" 
forming inter~ediate data ~an1PUlat1ons which d~ not ~ffectt~e PDP-i1 
condition cOde ~lag results. -Tne ALU status bit ~lag~ are up~atea 
after each ALU oper~tion. . -

.~ The operating rules fOr the eOFlciitio!"'l cOde fl~~s are list.ed below: 

CUNUITIUN CUOt ~LAGS 

z 

c 

T h ; s 
the 
zero. 

flag is set if the ~ost signficant bit of 
result 6f a byte or a word operation is a 

This flag 1S cleared"otherw;se_ 

This flao ;s set if the!'l'ost s,19nificant bit of 
the result of a by~ei 01" a word operation is a 0. 
T h ; S f 1 :3 g ; s ~ 1 ~~a r e (1 0 the r ~I i sell .. 

This flag monitors bits which are carried, bOr-
rowed, Or shifted according to the following-

ACd and l~creme"t 

This flag is set ff there is a CArry from the' 
~o5t S~gn1ficdnt' bit of·a by~e or a wor~ o~er~· 
tion. this f,~g is clea~~d otherwi~e. 

Subtract a~d Increment-

This flag is set if there is a corrow trom the 
most significant. bit of a byte or a word opera. 

. -
tiC" ... 

Thi$ flag is cleared otherwise4 

S hi f t 

This flaq is set if the result of a ri~lMt 01" 

left sMift operation ;s to shift a 1 off the end 
of the byte or ~ord. This flag is eleared och-
er~"'ise~ 

Note that the C flag is affectea only fOr opera­
tions in the 0reas listeo above. - . 

This flag is aet if an arithmetic operation re­
sults in ~n overflOW, This flag is cle9red if 

SSJiRJitSii , 
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THE L~I·11 MIcRUM~CHINE STRUCTUHE 
. - -

no overf1ew occurs or if the operation perfor~ed 
;s not a~ ~r;tM~etic oper~t;on; . 

:a_SJiM. is II .iM2 IUd U ., ,&#.&.:;: 
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'N~ iZ8 IC4 (ca i N I Z f vic i 
: ... .J.....\.. i -J...J".J.. i .A"l,..!., I..J...J...A. i .J....J....&. LA..J.~'" i ....... -!.. I ~...l- ...... I 
""7 '6' -S' '~. j "2' '1 "0' 

\ 1\/ 
lIID'i2_ ..... ".O"". 

ALU 
SThtus 

~'LAGS 
- -

HIT 

..... ____ .. s ...... _.,. 

ALU 
CONI)ITIUN 

flAGs 
COOt 

AR!TH~LTIC LOGIC UNIT STATUS BIT AND COND~TIUN C~D~ ~LAG R~GiSTER 

FIGURf. 3.14 
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Since the ALU status bit flags are uPdated after each 8~bit AlU opera· 
t~on, they are usee by the ~icrbrocessor to'handle carries and borrO~9 
(tor exa~pl~, during a word ope~ation), Consecue~tlv they are UDdated 
only for ar1th~etic, shift, test and comp~re mic~oinstructi6ns. ' 

C4 

C8 

Th1S flag ;s set it the result of a byte or a word 
operation is~, This flag is cleared ot~erwise. 

This flag is set if the most significant bit of 
the result ot a byte or a word operation is,a 1. 
This flag is cleared otherwise. 

This flag is used only 
o~cimal arithmet'C" It 
t~i~d bit to the fourth 
cleared otherwise. 

for operations involving 
is set if a carrY from the 
bit is a~. This flag is 

This tl~g is set, if the carry from the most 
s;~Jr'lfiC$nt bit is a 1 Or if the result of a shift 
o~erati6n is to ~hi~t' off' a 1. lh1s flag' is 
Cleared otherwise. 

Each of the status bit and condition code flags shown in Figure 3,14 
may be tested by a conditional Jump 1ns~ruCtion, ex~ept-for the c4 
s tat u s t) it" 1 r'I r..l 1 a c e- c '1' t h ; s k) it, the r e ; sa' t est: of ' the ' I n d 1 r e Ct 
Conoition ~tatus (ICS) bit which is use6 to determine a soecifi6 mi. 
croprogram-level Jump-c6n0itions. The Jump o~ ItS micrOiAs~ruc~ib~s 
are' used t6 di~ectly implement the-machi~e~level '8ra~ch instructions. 
The 1 6 C C i'i d i t (.)1"\ a '1 ,JiJ m }.) m 1 C r f) i t1 S t rue t ; 0 n san d the :r ii d ire c t G 0 11 d; ton 
Status rule~ ar~ g1ven in' the ~ext ~haPter; , 

The Status Bit/Condition COde flag register contents may be written 
into a reQister-using tnE'" copy conditicr1 flags (CCr") microinstruction. 
ConVe~SolY, the 8-bi t contents Of a SPeci~i~a r~g~ste~ ~aY be lOaded 
into th~ flag register by the Load CO~dition flags CL~F) 'miefo1nstruc~ 
t;Of1~ .1n the latter casel the fl?9 S wh,ch ~re lo~d~.d"·are- ;~dlv;dU~11Y 
cQiltrcllable. ' ' 

3,3.2 ~1crprocessor Control Chip 
, ~ -

The ~icroprocessor control chip functions primarily in two are~s: 
el) it controls the flow of mic~omachine instructions w~,ch ar~ 
fetc~ed from contrOl store (M1CRUM) and deliVered to the Data c~iP ~or 
exetution an¢ (2] it adminis~rates all LSI~11 system bus t~ansac~ions 
b y 'm e {) !"1 S 0 f' its . c c n f"1 e c t i () n tot h e h lJ S T ran see i v e r san (j 1 n t e ,.. + aCe Log; C 
ShO'Y-if"- in figure 3.1S.' It should t)e elf'\chasized that FigLJre ,$,15"1s '8 

f Ul"lct;of'\al1Y iJCCl.!rate control C;hiP r~Gresent()t,onl but that tMe·'actual 
CO" 't r ole hip' c ire lJ i try , s s () i1' f~ W h i~ t (j if fer' e I" t , r h e :j; f f e I" e nee;? a r ; s e $ 

beCBuse the' dat~/~Odress line inputs (wUAL <07!00> ~nd WDA~ <1~~0~» 
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which lead to the translation registers erR k0 ana lR Pl) do not 
pear on the centrol chip, 

ap~ 
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The Ib·line path between the WPAL lines on the data chip and the two 
tra;lsJ.:Jtion 'I"egistet"s on the control chip is established by 
t ; ~{\ E .... :TllJ 1 tip 1 ex; n q t n e ~l i c r 0 11"1 S t r ~J c t ; 0 n t3 us. The Pi"" In a r y fun c t ion 0 f 
the MI~ is to deliver control store aaoress 0 s to t~e MICROMS (or to 
t n e 1-'. C S ;jl 0 d u 1 e) a Ii d tOr e't f"' ; eve the s e 1 e c ted m' C r 0; Ii s t rue t i 0 ~ f 0,.. ex e· 
cut'o~~ When the Mr~ is not occupiea with ~ts orimary function, it 
pro~i0es the 16-1ine cath to tMe t~anslation r~g1ster~. This' path is 
est3bl ~shed aur1~g the t~e execut~on ~f the lnPut ~ora ~icroi~struc· 
tio~ which is part of the Fetch Ma~hine Instt"uct1o~ operation dis­
CusseJ in' the' preVioUS c~apter. Tnefetched maC~ine instruction is 
lOaaea into the trans~at1on r~gisterCs) far exami~ation by the trans· 
lat,on drray. 

3.3.2.1 Microinstruction Register - The micro1~struction register 
shOwn in the control Chio aecai 1 of Figure 3.1~ co"tains 18 bits,' The 
adc1tion81 ~ bits ove~ ~he Data chip microi~struction ~e~i'ster) co'r­
rescona to the LRR (LO~d ~eturn Register)· and kSVC (Read Next Instruc-
tic~ '.,. InterrtJots'& -Trao ;el"'v;ce) fUncti·on. - - .. , 

LOBO Retwrn Reg~ster 

As sho~n in, Figure 3,15, the path leaa1ng into the return register Or~ 
iginate~ at the location counter incrementero ~hen the LRR bit 
(bit<lo» is set it causes a ~alue of LC + 1 to be loaded into ih~ re~ 
turn req1ster. ThiS bit is part of th~ mi~ro'nstruction at miCropro· 
gra~ assembly t1~~. The retu~n register is' lOAded i~ preparatt6n far 
the- execut~on . of a microprogram subroutine" '~0broutine-execution 'is 
t e r i't~ ; n tl t e (j b y t i'l e !~ e t IJ r n f- rom S ~J t; r 0 uti "e .~ H r S) r:n ; ere) i ii S t rue t ; 0 n , ' 

ReaQ Next I~struction~Interrupt & Trap service 

Bit <17> of the ~1croinstruction regisier i~ a direct input to the 
translation Array. The RSVC bit 15 assembled into the microinstruc­
ti~n se~uence one loc~t1on before the translat~on is to be inVoked, 
T h ; S t I" <3 1"\ sl at; 0 Ff C -3 \.1 S e s ,,;~ c h , net'" r;; ; C rom a c h ; nee 0 n t r 0 1 toe n t' e r the top 
of the i~terruPt/tr~p dec~sio~ ~~~1n shown i~ Figure 2~'lb~2' ~hic~ 
will cause al 1 tr~ps ana interrUpts to be serVic~d accordiMg to their 
cr1orities. If the-control flow does not encou~ter a~y trees Or in­
terrupts, control proce~ds to the FetCh MaChine Instruc~ion eve~t, 
~Mich c~uses the next ~achine instruction to Se read into t~e transla-
tio~ registers for eX~m~n~tion by the tra"Slation arr~y. ' 

3,3,2.2 0icroinstruct1on AdareSS Generation· EaCh valia micrOin­
struction ~doress proOuced by the controi ~hip 1~ stored in th~ Lo6a­
t10M Count~r. The Locatto~ CoUnter Cont~nts ~re qatedonto the Mi­
crOl~struction bUS at ihe appropriate phase of the ~icromachine cycle 
as tn~ fi~st part of the ~icroinstr~ct1on' fetch (microfetch).' !h~ ~OD 
cat'cn Counter may ~e loaded from anYone of ftv~ eoSS~Cle sourc~s, 



Translation Array 

Return H[o:;Yister 

A value of 1 is added to the Location 
"' t • 

Counter output and written into the 10-
c~tion Counter. The next microinstruc­
tion ;5 t~ere+ore fetched fro~ the next 
sequential contrOl store location. 

The translation ~rray, in res~onse to 
its inputs, determines the location in 
control store frOm ~htCh tMe ~ext micro· 
instruction is to b~ fetched. rh~ ad­
dress of this location (ShOWn as 
TRA ApR) is loaded' ihto the Location 
Counter.' .. 

Upon execution of the Heturn From ·Su­
broutine microi nstructlon, the ~ontents 
of tne Return ReG'ster are loaded into 
the Location Counter. " 

. -
~ 
~l Conoition;;,l JUIl'!C Pield . ; Nhen t~e conditiOnal Jump criteria is 

met, the a-bit contents of the cbndi­
tiona1 Jump fielo a·re loaded into .~he 
16wes~ "8 bi~~ Of the L~~ati6n" Counter~ 
The th~ee highest biti ~re unc~anged o 

Ij !'\ con (J i t i 0 " a 1 ,J l; :'\"; p F; e 1 (j 

fr~m the updated values. . " 

Upon execution of the JUMP microinstruc· 
tion instruction, the li.oi~· 60ntents ot 
the u n conditi6nal Jump field ~re loaded 
into the Lo~atio~ Counter. .. . 

A m1croloCation address may be ~eterminea in o~e additional way, by 
the '2 ." e C i.J tic ~ 0 f t M ~ ~"'! C '11 t YIn s t rue t ; 0" (1'1 I J 1'1': i C r- (' ., n 5 t rue t ; "n it The 
Mo d1fy Instruction path which is 1~0eled i n - Figure 3'1~ e~ables ~h~ 
CO~teMts of a specified register pair to b~ uR~ed with the uncondi-
tio~a~ jV~P microinstruction (or ~nY ;ther microinstruction) on the 
MicrOlnstru~tion Bus. This ~icro1nstruction 19 d1scusseo ~n the next 
Cha;:..tel"'. 

The tra~slaticn array is a la~ge combi"atinal logiC network which per~ 

for-~'s ri)pid e1.8rr;~atiof'\ of the f~tcheo'rna~h;fie instrqcti on ir'l the 
Translation Reg'ster to determine where micrQ~rogram execution is to 
beg1 n • The eXd~inatio~ is ComDleted in ~ne m~chin~ CYCle and the re. 
sult is a"transjat16n a10ress -which is loaO~d in~o' t~~ loc~t1on 
counter~ The translation array ~an examine only 8 bits of a lb p btt 
maChi~e instruCtion at one time, The ~raMslat~on state regi~ter, 
WhiCh is shown as (T~R) in Figure 3.15, 6etermines whiCh of the two 
translcltion reQ1sters-Clk R~'or l~ HI) is inPut to the transl~t~on 



·0 

array. ~hen a new machine instruction is fetched, the TSR is reset 
and"causes the uroe~ byte of the lnstruction, ~hich is co~ta1ned in 
T R k 1 t n beE' x a iii i ned f 1 I" S t ~ T h ; S d 1 1 0 "'; S t r'! err. a c M 1 1"\ e· ; n s t rue i: ; 0 n t y p e 
to oe deter~ine~ oefore t~e the address ~odes Are examined. The TSR 
contains j bits, one of whicM controls the translation register 4np~t; 
whi Ie t~e other two are USed for purpoSeS internal to the tr~nsl~t1on 

In ad~ition to crov10ing the translation dddress, the tl"ans1ation 
subroutine a~dress 
;s not shown in 

arr~Y also controls t~01oaoi~g o~ the miCroprOGram 
into t~e locat,on counter. This control path 
Figure 5.15. 

lhe interruct register, INT R, is comoosed on three internal inter­
rupts 80d 4·exter n al interruots ~h1ch were 111 ustreted earlier in Fig. 
ure 2417~ .T~e exte~nal ~nterrupts are COMn~Cted to the LSI-ll sYstem 
bus interf~ce logic, The J 1nter~~1 interrupts may be set or cleare6 
by the Set i~terruct (31) or the Re~et Interruot C~l) ~iCrolnsirue-
t ion, f" e s pee t i vel Y I) " vi her' the t r () n S 1 at; 0 n a r r ij Y ; nit ·f ate sse r v 'I c e for 
n pending external i"t€rruptl an ~arl~ step in"the service mi~rcoro· 
qrarr, is to I"es~t· the intGf'taC€; 10Qi C f1 ;C!Olfloo WhiCh had stored the 
6xtcrn~1 interrupt rCqUest3 T~e fl1~~flop res~t. puls~ is·produced by 
the'· TTL Co~trol ~its as aecoded by the ~pec1al FUnct~o~ Logie 
(Figure 3.5)8 ~igure 3~lb illustrates the abstracted M1crooroces~o~ 
TTL Co~tr~l B~t Path ~s e~tracted from Fig~re 3;1. An ~n~p~ctio"·Of 
figur~ 3~2 wil·l reveal that the TTL contr~l Bits dO not actually ~p­
pear in the M1crolnstru~t1on Regi6~er of eit~er the dat~ ch~p· or iMe 
control chip. Howe~er, Figure 3~lS emphasizes the association ·of t~~ 
TTL rONTRO( BITS With t~e ~iC~o1n5tructionS9 TMese b1t~ must be as­
s~mbled at the ~rODer postions i~ the micrOinstruction tldw to ass~re 
proper I"p;crOpr09ra;T\ execu·~ion. The exact details o·f t1 rrir.g and se· 
Que n C ; fi (1 ;~ red i s C Ij S 5 fJ cl .i nth e f 0 1 low; n g sec t i 01"\ S ,. . , 

3~3~2.3 Control Signals ~ l~ addition to the 4 external 1~ter~uPts, 
eight 0ther signals ~a3S between t~e control Chip a~d ~he LSI M !l ~ro­
cesso~ interface logfc. The oper~t1on of thes~ signals are exp1~'nea 
belo~ and ~doitioral spe~if1c details ~re ava~laole 1n the refirenees 
cite~ in ~igure 34~~ 

REStT 

Th~S line is an input to the control c~ip and ~hen active, causes ~i. 
CrOProcessor operation tob~ suspended. whe M the R~5tT i~Put sub~e­
quently qOteS t!<3ssive, tl1e first rn ;cro1l"lstruction to be -eXeClJteC \oJ'ill 
o e t etc h P. <'j fro f1'\ con t r 0 1 s tOr ~ 1 0 cat ion 0 0 0 1 " T 1"1 e t~ E ::; E r 1 i n e i s a 5 Q 

serted ~~eMever the power suppl~ signal BOCUK M g6es ~ais~ve or when a 
bus t i in e () IJ t err 0 r C C CUr s " 1 hem , ~ r 0 pre 9 r" 8l rn {~x e C IJ t e i., aft e r the !-< E 5 E 1-
line goes passive is flow~cha~ted in Figure-2~~b~2.· - - -

__ wa=sa"lIicJt2iiUa::'UJ t i&W444AMAMWa#$)/A#. A ; $.1 at. 
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The COMPUTE 1 ina is sampled during PH 3 of the m1cromacht~e cycle. 
This 1 in~ is maintai~ed in an aCtive high state,- and is ~sed dur~n~ 
mi)nUf:)ct:l~r;ng for-tf?st purposes" 

The remaining signals are concerned with the cOntrol chip's adminis­
tration of the ~hree tyoes of Lslftl1 system bus I/O transfers, 
Pro <J r a n'l rr, e rj 1/ (I I I r"1 t err lJ 0 t "" D ;;, ; v e f" r I U, - a non 11 A ~ I 0 • T Ii e S e S i q ii a I $ are 
inter~aceo to the LS1~11 by! system by the GUs 1/0 cont~ol SigAal 
Log~c descrited in Th~ MicroComPuter HanCbook. 

SYNC 

The transition of the SYNC signal to its active state indicates that 
the .a r1,d res S d a tao n \'J l) A L. 0( 1 5 : 0 'v > i s v a i ; d , The s Y n c' s; 9 n e 1, rem a ins 
asser~e4 until ~h~ l/u transfer is completed, AOditionel interf~ce 
circuitry assures that the System bus signal bSYNC L r~mains act,ive 
unt~ 1 after-the bus slave device term1n~tes i~~ r~ply s1Qna~. 

RcPl..Y 

The RtPLY ~riginates in the a~dressed memory or 110 device and informs . ' 

the Control C~iP that t~e I/O operation shoUyd be Continued, 
Specifically, this signal must b~ asserte6 dur1nq PH 5 of ~he microma­
chine c~Cle whi Ie an In~ut or an Uutput ~icroi~strutt~on is bet~g e~~. 
c~tea. The state of the reoly signal is also 1nte~rogated before a 
RtAu or write o0~ration 'is ~nitiQte6~ This is to assure that a previ~ 
oGsly~a0dressea device ~as co~pletelY rel~ased the syst~m bGs,· 

DIN 

The DIN (Uata-In) signal is asserted by the coMtrol chip ~fter the ~d~ 

·d res s,' 1 n for fi' a t ion i S f" e 1'r1 Q V ~ d fro m h I) A L 0( 1 5 ; \;! ~J >, 0 r () n e m i c r c mac h i n ~ 
cycle after the SYNC signal is asserted. The lIN signal returns' to 
the' c03sive state- at tAe com~let1on of the Input ~yti (IH) or Input 
~Orc (I~)' m1Cro1nstru~tion, Or when'SYNC is ma 6e cass1v~. - This si'g~al 
cause~ t~e ~~dressed ae~1ce to place 1t~ Oata On bDAL<l~:~e; ~or inp~t 
t 6 the PrOC~ssOr. ' 

ouur 

The DOUr (Data~uut) signal is ~sserted by t~e Lontrol chip when output 
data i~ 'placed on HOAL <15:00> by the Data chip and remains asserted 

fiZ;; unt11 tMe out~ut microinntr'lJction is cornpleter.j, 

to wB 

The w6 (~rite/tiyte) signal is asserted when the address information is 
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plrJceeJ Of' lAiOAL <l~:V:ir~> to 
it ~emdins active curing 
(OA10b) is signified. 

;ndicrlte that a y,irita operation fellows. If 
the Data~Out port~on, a eyte operation 

BUSY 

lhe 8USY signal is sa~ole during PH 3 of the m1cro~achine cycle during 
the first cycle of a Read Or ~rite microinstruCtion, If the busy sigw 
nal is 9sserteo, the mi~roorocessor-enters a wdit state ana suspe~ds 
oberation unti 1 6USV goes passive. This m~Cha~ism is us~d by th~ di­
rect ~emory a~cess interface lojic to gain control of the syste~ nus. 

lnterruot Acknowleoge 

The ~IACk signal is a$serte~ by the co~trol Ch1p along with the SYNC 
line w~en a Head Ac~nOwledge Or ~r1te aCk~owle6ge microinstrutt1on ii 
executed. the wIAC~ signal in1icates t~at the micrOprocessOr is res· 
OOr'\;J1rH~ to· at' ;nterru~)t. Tr1(~ LSI1911, ir'lterfi:,;ce logic delays the ap­
pearance of ~IACV as ~rACK H ~ntil dDI~ L is ~5serted. This is -to 
dl1o~<J the 8D1!\, L si9lial te· st,,=i)t'i 1 i2e, priorities ,betiNeen the two possi­
ble'reauests in the i~terruPt~ng device (see The Microco~puter h~nd­
bOO~4) • 

All ~icro~achine operations are organized with resp~ct to the 
f9urqp~asesof ~he ~iCro~~cn1ne'clock~Each phase has a nominal Deri~ 
od of 95 na~cseconds ,~iviAg a cycle period of 580 na~oseconas. ,. The 
clock Phases are distri'cyted to the Control, Da~a, an~ M1CROM Chips-of 
t joI e' :;1 i c r () prO C € S SO r ~ 5 t-i U S ~ 1 eve 1, nOli " .. 0 v e r 1 ~ p n; n q 0 u 1 S e ~ C F,;" M' « Lj : ~:> T r IJ e 
and comple~ent clock o~ase pulses are distribUted to the Bus Transci­
evers and I~tertace Logic circuitry"for SynChrOnization ~lt~ the ~i_ 

croma(;hine. 

MicromaChine operating spoed is maximized by the use of p;pe 1 in1ng 
, -

techniQ~Jes to detc~m1ne miCrcl0Cdtion addresses a~a to access micro1n-
st'r-iJCti'::)r,S fOr eXecwt,o!"'llt' rhe 0iPel;tie teCj'"IrHQUe ar~~ 1rr;olemen t e d in 
tri€ cQntc;xt of a time"",multip,lexed t>1icrorrlstruction BUS, which reduces 
tnter~Cn1P wirinq~ 

3,401 Microinstruction Sus Data Transfer . . -

~ The ddtA transfer methOd employed on the micro~nstructlon bus is the 
pre c Mar '·1 e .... c ~ rl (j ; t i 0 r. ,3 1 (.1; s c' h ,3 r ~~ e tee h n i que ' iN hie I, i s Coin p ,3 t i b 1 e w; t 1-'1 I... S I 

~~:O I"~ 0 S· m t) ti; f) r y a n (') rn; C r (.) p r () C t~ 's 5 6 i" d e v ; c e S l) D a t i.~; S t I" a n S '!I itt !~ d' 0 n the iT,;;' 
4~;' cr 0 , n S t rue t ; 0 f"\ ' t u 5; n I 0 9 i cal com ~ 1 E:: r(. I.:' n t f (, r m ; n '.>1 1-1 ; C tot the lower' V (, 1 ilia 

t~ge I"~;oresents thA HI St:.1tf!'Or C1LOgic?l 1. 'Each 'i'!11Cro1n$trLJ~t;cn 
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bus line is uncorditionallv prech~rged HI at ore rhase and selectively 
Oischdrged at a later pha~e. T~e" receiving device senses th~ dis· 
Charge1 st~te o~r1ng t~e appropriate ~hase and interpr~ts the lo~er 
v 0 ita q e a s ,~.l 1 0 q ; c all. Al1~) r € c h a r gin q , s per for Ii! e d by t he fv11 C ROM S • 

Dependinq u6c~ t~e ~i6roinstruction bus li~e and sig~al ~sage, th~ re~ 
c e i v ; n 9 0 e v ; C € IT. 0 Y t:) e t i'1 e CO t"1 t r ole Ii ; PIt he i) a t a eli; p; 0 raM Ie R U ~1 , 
In the Case of a ~icro1nstruction fetch, t~e'C6ntrol and Data eh~'p$ 
receive t~e ~icrcinst~uct~on simultaneously, each chip storiAg ~he 
neeoea porticnS in 1 ts mi~ro1nStructio~ regiSter. 

3 q a 3 1.1 Control store ~MICRUM) Microinstru~tion eus CYCle - The MI­
CHOM operations as a fu~ct1on of Micromachine cloCk phases are il1us­
t~ated in Ftqure j~17. The location counter conten~s-a~e gated onto 
the ~iCroirstruc~ion cus ty ~he Control Chip bur1ng PH 2 ana remain 
val,d during Ph 3 4 All m1crQ1~stru~tion bu~ lines ~re then uncon6i~ 
tio~al1~ prechargeo at PH 4 (by the ~ICkQM~) ~i~h the exce~tion of 
MIG <15', wh1~h'is orecharged at PH 3. MIS 16 was also precharged at 
p~ 2 in ad~~t,o~ to being precharged at, PH 4. - . 

OUr1nQ the execution of a microinstruction which teQU1reS only one mi· 
cro~achine CYCle, the contents of t~e micro~ocat1on' a6dressed dUr~Mg 
p H 2. a r'" d P h 3 ~r ere t urn e <1 tot h e ,0 a t a ~ n a C 0 rj t 'r 0,1 c h 1 p s d LJ r ; n 9 p. H 1 
of t he t'o I 1 0 \'<J ; n 9 /'Ii i c rom a Chi n e eye 1 e ~ Howe v e r, ; t 't he c",.., t r 0 1 eli; P 
discharqes Mlti 16 at PH 3~ the selected HICkaM will not cond1t1onal1~ 
c{; s c h r3 ,.. q e ;1,18 < 1 5 : J ~l > an (j 1'~ 1 8 < (!1 ; 18) d \.1 r; r 9 t I' e f 0 1 1 0 \>i ; n g P f'i 1 ~ T h 1 s 
c~rcu~stance occurs during the second cycle of a twoe~ycle microin­
s~ruc~ion, or' in res0o~6e to a ~AIT state, Figure 3~ld il1u~tr~tes 
the dis3bl inq oftne MIcRUM during the fi~st ~~cle, resulting in a 
del~Y of one ~i~rom~Chi~e CYCle~ . . . 

Ass h 0 "Ii n ,i s the "1 ; 9 u res' the ! T Leo r'l t r 0 1 U 1 t S d re val; d t- e gin n ; n 9 w 1 t h , 
pH 1 t~rouqhout ph 3 the LSr~11 circuitry ~mplo~s,PH 5 as a strobe 

, - , ' 

pulse wnich prOduces the ~OM ~odes dUring PH 3. 

3~4.182 Control Chip Microinstruction dus CyCle ~ The Control Chip 
deter~ine; the ~icromach1ne 1~struction flow by select~velY ~oadtn§ 
the LOC3tion Cownter. fhe oasi~ miCromachine cycle of contrO) 'chip 
operations is shown i~Figure 3~lg. -The Lo~ation ~cunter is loaded 
w'th lj !Ie,.: value durir"g PH 1, Th,s VallJe can 0ri9irlt:lte from 1 of 5 
s6urc~s as oiscussed 1n-sectibn 3e3~2. T~e contents of the Locatto~ 
C0t;"'tC'j" ~rl? Out~LJt ontO the ir;icro;t!strI"JCtin bus at the bes;inn.;ng' of 
pH ~ and re~ai~ valid through pH 3. Also during these two ph~s~s, the 
translation array is processing its inputs to'see if a tr~nsl~tion is 
requirej~ Uuri~g PH 4 the tra n sldt10n aOOress becorne~ reAdy fOr load~ 
ing into t~e locatio~ counter a"d the translation' state register' ~ay 
be ! c)~~derj!9 ' -

Of Control chi0 operation effected by t~e ~AIT state is 
figwre :S.2~)" Evet1ts proeeeo norm~11y tJnt;l PH.3 when the 
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Control chip d~termines a ~AIT state, This determination is the re~ 

s u 1 t 0 f s ~ 11, P 1 , n 9 the bUS Y . a I"l d . R t P L.. Y . 1 ; "e 0 lJ r ; 1"\ 9 P 1'1 ,.$. The CO" t r 0 ) 

chiP's response to the ~AIT st~te i~ to oischarge Mlb<lb) d~r1n~ PH 3 
t 0 (J ; S a b let h e !-' 1 C f~ () i"; S a r, {j t (') . d sse r t the ~;\ 1 T 1;" e d u r 1 "g P H 4, w h 1 c h 
prevents the Data Chip from loaoing a ~e~ miCrOinstruCt~on, 
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Because of the ~Alr state, the Location Counter value re~ains un­
chaA~erl ouring the second micromachine cycle aMa t~e ~ransl~t~on array 
P I" C C C S S ; n \] r; r G due est r) e S n in € CO) u t p IJ t w hie h may 0 e a con d 1 t ; 0 F' (3 1 loa d i r"I q 

of ~he translation state register Or a ~ran~latton aOdress. ~inc~ ~Me 
WAIT stat~ was not ~~~established duri~g tne second micromachine 
eve i t~ , '8 n e \.-: 1 0 C :) t 1 0 Ii C" ~J r: t (~r va' lJ e w ill 0 e loa d e d Q lJ r ; n q t Met 0 1 low" 
i n 9' P ti 1 ~ r. (j are ',>/ iT! i c r 0 inS 1: r vet i c (1 wi 1 1 b e sen t f r v m the S e 1 e c ted r-, I .. 
CkQi'1, 

The E~ecutio~ of a two~cycle microinstruction ~)roauces a control chip 
sequence sim~la~ to the ~bnve. However, since bot M the-Control CM1~ 
anc the D~t~ chip in0e~enoently rocognize two.cycle mach1~e instruc; 
tions, the ~A1T signal is unneccessarY ana therefore unasserted at 
P ~1 IJ .. 

3.4,1.~' Data Cnip Microinstruction Bus Cycle - The ~icroprocessor 
DatA chip is CO~pletely contrOll~d by the ~icroinsfr~Cti6n in its mi~ 
c~o~nstruct~on recister ~nb ~y the ~AIT 11n~ wM1ch o~1gi~ates in. ~he 
Con~rol ~h~p. The basic micrO~achine'S~n91ep~ycle ~eQu~nce is showri 
in ~igwre 3~211 During ~H 1 ~he (ncation Cou~ter 'contents placed on 
MIB~lS:00~ by the select~d MIC~O~ are loaded 1~tO the Data chip's mi­
c~o'nstruction regist~r~ The' register ac6ress fields a~e oecod~d d~r. 
tng' PH 2.' The aodress registers are a6cessed Curing PH 3 ~~d the 'LU 
processes t~e ore rands input to it duri~g PH 4. rhe ALU ~e~ult is Moi 
ready unti I ~~ 1 of the Subsequent rriCromacMi~e cy~le, when it is 
ItJritt(~f"'! inti) the re';)ister file via the A cort~' The' status bit' and 
conoitton cede fla9s wh~ch mon~~Or the ALU result are upoat ea durJng 
P r"l f!. ~ 

W~en a twQ~tycle data ma~ilpulation mtcro1rstrUct1on ,5 executed, the 
Data chip r~tai~s its microinstruction regiSter co~te~ts during t~e 
s~cbnH cy~le ns'shOW~' in figUre, 3~22. The lOw bit ot each r~gister 
field is como1emented durfng pH 1 of the seco"O cyc1e'wni6h al1ow~ the 
second cy~le of a WOrd mi~roiMstruCtio~ to be cro~ess~d 1M the AL~' 

All Jump microinstructions reauire two micromaChine cycles for execu­
t ; 0 M i! The U ti c ~) r'l ,j; tiC) n d 1 J t..J m tJ 1 n 3 t: rue t ; C Ii r e ;.) u 1 ,. est '.-4 0 eye 1 e s bee a use 
the Location CDUf"'Iter co~:"tents' C;;)finot be'lcadea ',-lith a new vallJe until 
PH ! of the second cycle, 

A Conditional Ju~P microinstruction exam1~es t"e flags which have set~ 

tled dwrin~ PH 2 ana sends the result to the Control chi~ ove~ M18 15 
dUr1ng PH· 4. If the result is oost1ve, the H-bit page address will be 
loa~ea 1~tO the LOC~tiOn ~ounter during the fOl)owiAg ·P8 ~. ' 

Normal oper~t'on of the D~ta chip is suspended if the control c~ip ~s~ 

serts the WAIT Signal dUPing PH 4 of anY micromaChine CYCle. The data 
chi p 6 S respo~se is to maiMtain its pr~vious miCroinstruction co~ten~s; (0 W I, i ~~ h c a uSe s t h ~ 0 Per ~~ t ; 0 i~ j \J ~ t G)4 f~ cut e <j t 0 b ere Pea ted. 



I U N t i 0 ; ,j t~ ION t I 0 i\l t.. 1 U N E 
i ... .,., i~ 1 C H 0 ...... > I .:; .... r·II C f~ U ...... > I .... ~ n I C k 0· .... lOll > I ... '" (1 I c R ij,~ ~:> i .... M t C k (J - .... > I 

CYCLt I CYCLt CYCLt CYCL~ CYCC~ - - -I'".... I....... I ..... i""· I""'· 
i \ I \ / \ i \ i \ P~1A~E 

ONE- ...................... ,.,.. I .. 9 ilF;;I:_ 29"'" ~ '!III 
, .............. ""''''''.; , ......... .:» ......... "" .. 

PHt.:"E 
T~O-

i , 
1\/ \ -

I \ 
MUI"!PW. __ 

PHA~t. 

T fiR t.C: 
/ \ / \ / 

PrlA~E 

FDUK 

LQj~D 

M I C k u I !.j S T 
INTO i"iIR 

DE. C U cn:. 
REG!STr~R 

t 
I· 

\ I 

** 

ACCtSS ** 
Rf.i,;ls -j t.l-( 

.... "" I ... -1 
I \ / \ 

f 
I' 

AHlr~tTlC **1 
t.tJG1C - Ui\JI l' 
?RO~E~SING ~---~~~~-~~-~~~-~~~~~~Q_( 

t 

. I 

ALu OUTPUT f f*·*. i 
TO KEGI3Tt~( I 
FIL~ - ~~~~w~m~_~·~~-~·--~~~~-~i 

I 
Ur:iJf)Alt.. C~f) i 
CUPc./STATUSf 

. -81r FLAGS w~~_~_~_~@m~~N~_w_._~~_81 

.............. 0I't'lll. 

.... "" 

\ 

",wl 
I \ 

I 
j , 
i­
f 

i . 
f 
I 
f 
i 
f 
; 

/ 
..... 

\ I \ 

I 
..... 'JIll" 

\ I 

·",,1 
I \ 

I 
t 

i 
j 

. I 

" 

DATA CHIP 5INGLE~CYCLE MICROINSTRUCTION tXECUTION 
. , -. 

\ 
... "' . 
.,.,1 

I \ 
r 
I 
i 
i 
( 
f f . 
f 
( 
; 
f 
i 
I 
f 
f 
i 
i 
f 
i 
I 
i 
i 
I 
I 
I 



THE L:) I "" 1 1 i"l 1 C K U V ;.\ C r~ 1 N EST R tJ ell! Ii E 

P;"i.\()F;. 
o i:J r~ . 

I Ui'·;f.. lH!t O~E I ONt ONt 
f~vfjC0G.~>I~MMICRU~~>:~~MIC~C~_>I.~MICRO~~>I~-~lCRO-~il 

~YCLt CYCLe' eYe!..!:. - CYt.LE CYCLE:. 
J~- f·- iN. f·- r~· 
/ \ i \ i \ i \ / \ 

I \ I \ I \ I \ ! \ PH~:)t 

T~O 
~~_ ~_ft~~~~~ M~~~~_._ ~~_.~~_~ ______ .. __ ~._a 

... 
PH,Q·)t 
T rjf~ t E 

I \ I \ I \ I \ 1\ 
.~~~~. ~~~_~$~. _H."~_.W ~~ __ .~~~ ~_e~~_Mft ---

PHA~E. 

FGUk 

L () AU 
~?11CHG1~'iST 

I ij T t) t-1 I k 

o t C lJD f'_ 
RtG1SfE~~ 

ACjDh:ES,st.S 

ACCtSj 
!=<E.SlSTEH 
DA T.~ 

I \ I \ 

, _~~m_.~_~9 __ ~W~~~~~~~H~ _____ ._'-, 
\ I 

i 1S T 

I 
1 sri 

** i'3YTEj 
I 

12ND 
IEYIl:. ** f ~3 '( T E 1e/( 

I 
2:~D f 

I, , 

, 

_ ............... . 

i 1:;S T 
f8yTt i .. 

12ND 
**I.~)'Tt. 

I 
* * r 

I 

I . 

A R I 1 ;·H:. lIe 
LUGlc- \P'~IT 
p F< 0 L t ~ 5 1 ~~ G 

I 

ISTI 2 Ni)f 
ALU oUTPUT 1** dYT~r** bYTif 
TLJ l"(f~;ISTtP f ; . i . - f 
F!Lt ~~ft_~ __ ~~.~_~~~~~_~~~~~~~~~~m·_·~~ __ I 

UPC).;~Tt eN!) i 
COC1t;; T (~TUS f 

t~18 16 
f'rl1 Ci~ GH 
D1SL\BLr. 

1;,::TI 
;k* 8VrE:i 

Rf.:SULTSi 

\ I .. ... 

** i'JuRI) f 
Rt,SULTbj 

--I 
I '\ 

i . t 

I 

.. .,. ........ "" 

DAfA CHIp DOUBLE-CYCLE MICRGIN~TRUCTI0N tXtCUTION 

~·I 
I \ 

r 
I 
i 
I 
i 
i 
i 
I 
i 
i 
i 
i , 
f 
i 
f 
i 
f 
i 
f 
I 
f 
f 
i 
i 
I 
i 
i 
f 
i , 



o 

3.U.1.4 Complete Micromdchin~ cycle $ The inter-relationshio between 
the cycles' of the Control, 0ataand MIC~UM chips 15 illustrated in 
Figure j.23 fo~ the case of a single-cycle ~icroinst~uction. T~e op~ 
e~1tio~ seaue0ces 1~9tea 10r each c~ip are repetitive, hut o~lY the 
events related tC the execution of a si~01e miCroinstruction are show~ 
in the fiYure. fhe como1etQ seque~ce beqi~s with' a ~ew'Locat1oM 
Counter value being lo~aeo during PH 1 of the t~rst m1cromach1n e ~y61e 
and en~s ~heM the status bit dna condition code flags' are'uodAted dur~ 
ing PH 2 Of the thiro m1cro~aChine CYCle. An accurate representation 
of micromachine operations can be co~structed by cO~o1'ning the in~i~i· 
duaj ~hir'OPera1on SeaUe~Ces dicusSe d preViouslY~' rh~ SeqUenCes ChO· 
sen'Q~~end ~pO~ the micro,nstructiOM flow being rep~esentedo 

The Execution Of the Input Nord microinstructiOn causes the fu"ction 
ot the micrOinstruction bus to be cManged ourtn~ the second cycle of 
this two-cycle ~icroinstruCtion~ Since PH 1 of t~e second cycl~ is 
not used to Uojate the microinstrucion'r~gisters w1th new contents, 
the Data chip uses Mld<lS:00>,to send the fetched mac~ineih~tructicn 
tot h e tr a;'-~ s 1 a t 1 0 fl r e q 1 s t e r tor ~e ~ d n'I i !! a ti 0 ri bY' the" t ra n s a 1 ;) ion ar ray. 

" . ' , ( !' h, 'r,," -'. " . ...• 
T h 1 S 1 S rj e C e S s a r y t) ~ caL) S (1 the ~'c h 1 ph a s no d, r e etc 0 nne c t ,on to 
the WDAl lines~ It ~houJo be re~e~bereO-thclt Figure 3,15, The MiCro­
processor COl"'trol eMir) Qetail 1 ;s aCCurate onlY--+Uf"'lctional1y' in 'that 
; tin 0 i c ~ t e '3 ':3 pat h frO ,or, the ..; D A 1. 1 i f'l e s ' tOt h e t r £1 Ii 5 1 at; 0 r1 r e q ; s t e r41 ' 

f"il C r~ 0 p l~ C G F A 1"'1:-11 I'i G l' ~1 E '3 A S 1 C l. ~ I" 11 ~·i .A C f1l. Nt eye L t-
o -- -. - • .-

T it e e sse f"l tid 1 c h a r .;} c t e r i s tic s ;.") f t foot e i"f1 i C i" (') P rO 9 r ~, ~: '~ M i c hem u 1 d t est 'h e 
L~1-11 "iCr0cO~puter a~c~1tecture will be O~sCUS$~d f6 r t~O simple 
cases~ T~e f~rst case is the basic two~event rachine cycle and th~ 
sec6nd case is the 6~stc machine cycle incluoin~ an external interrupt 
ana bus errOr traQs4 

~ 3 It 5" 1 F f,! t c h ,'" t x e cut e ,'"' a chi tj Bey c 1 e i,j i c r 0 pro 9 r a IT' n! i f1 9 
.' , ' 

The t~t)$ic L~r~11 rnr.1chine cycle, rereqte<.~ here !::Is Figure 3.24, consists 
of a" OATI"ooOration' fol10w€(j by a 'm;crO~)rOq~~rnil~ed rOuntir'lf} ~..,h;ch iii­
terprets ~na executes tne' fetched mochine·inst~0ction. The DATi op~r~ 
ati6 n is ~tself miCrOpr 0 9ra mme o as ~ Read/Input SeqUence which is dis· 
cussed in [naoter 5. Tne specific ~ead-miC~oinstruction e~plo~ed' is 
Reao And lnc~e~ent ~OrO BY 2 (kr~2)~ 'This microin9~r0ction'olaces the 
co~tents of the reqister pair deslgnatea with~n it, R PC Land H PC H,' 
on BOAL L <15!r0> ~rd Signals a Data-lr sYstem bus Gy61~~' It-subBe~ 
q t,i e F'\ t 1 yin c r f: .1) e I'" t s the h 0 'r ~j C l) r"I t a i F'\ e d 1 n P C H a I"! (j peL "y' 2, C 0 U sin 9 the 
prOOram COunter to point to the n~xt aodress from ~hich mach1ne 1n~ 
structto~ is to Oe fetChed~ The SPeCifiC Input micro1n~truct1o~ Gs~d, 
which CC;lir::,ris~;s the secOI1(j half of tr'O Read/lrJPlJt seQIJence ;s Input 
Word, [his microinstruct~o~ Places the fetched machine ~nstru~tion 
ir'lto the l~stl"uctioi"'l t"e~jister F<iPlw JI"),j Rlh:H 8n(j also 10a05 it into the 
tranSlation regi5t~rs T~ R0 and lR ~1~ 
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T h (;) E x e cut e ~ .. ~ c h ; n t? Ins t r L) C t , 0" PO'" t ; 0 r\ 0 f the bas; C mac h i nee y C 1 e be­
girs ~ith th~ e~a~inat1on of the translation registe~ ~o~tents by the 
t~anslatio~ array. T~e translation array outoUt, wh~Ch' is avai labl~ 
after' one ~icr~~aChine CYCle, produces the adQres! o~ a co"t~oi store 
or MICkUM location which contains the first ~nstructionot the m1cro~ 
progr~~meo routine wh,ch ~il 1 execute the m~Chine 1nstruct1on~ The 
translation array 1'f'dY be used one, tviO Or three' times' our;n~~ the Exe-
cute Machine Instruct1o~ oOeratio~, 0ePen d lnq UPon the tYPe of in­
struct1o~ heinq executed. In preparing the ~LU ope~ijnds, ze~o, one, 
or s~veral WAll ~peratio~s nee~ ,to be performed, depe~Oing uPon the 
adCreSs1 n 9 ~Odes used iA tne machine instruCtiOn sOurce and destina-. . 
t;on fiel(js .. 

3§5.1,1 ff?tCI"> .. t:,xet:',~J.te""rrQo 6, Interrupt MaChi",e CYc1e 
Microprogfa~"1n~ ~ The b~s1c machine cycle of p1gure'3.2U is exp~n6ed 
in ~igu~e 3t25 to inClude'an ew~ernal interrupt and the- sin~le- and 
double bus error traps. AS explaireo in chapter 2, a bus error' oCCurs 
When Bn ,30t,'jresseci deViCe does notresoonC(' w,thin 10 microsec'ondS, 
This leaves tnc Head/lnputsequence of the UArl ooerat1on uncompleted 
and t~e Bvs l~terfa~e Logic a9serts the Contro~ ,cHipqs ~eset li~e. As 
a result, the location' counter is loaded w'th 0001 and a microp~o~ 
gramme d bws error re c o v8rv routine, is, eXecut~d. l wo 0A10 CYCleS ,are 
per tor fr B 0 ' top u s h the Pea n (1 p ~ ~'i C b 1"\ t FJ 1"'1 t s 0 M t Q the s ta c k, 'f 0 '1 1 0 ~'4 e d " b Y 
two DATI cycles ~hich load ne~ 0alues into, the program counter and 
processor s~atus wo~d re~isterst: 

The external i~terFupt st~tus is interrogated ty e xecut1ng a microin­
struction ~hlc~Mas bit <17> set. T,his bit invokes the Read Ne~t ln~ 
struction~Tra0 6 Interrupt Service (R~VC) fu~ction of the iranslat1'on 
array, If' nn interruot is aS5ert~d, ihe translation array ~il1 16ad 
tMe-Loc~t~'on Courter wi'th the"fi rst address Of -the ~iCroprogr~mmed 
routi~e 0h1c~ services tne '1nterrupt. The simple,example conta1ns 
onlY one 1nterru~t, but the actual control 6hiO translation ar~ay ~n­
terrogate~ 3 1~ternal interrupts and 4 exte~nal interrupts a~d p~o-
duces co~trol store locationS according to the p~icrities illustrated 
in ~i6ure 2,16~2_ '. '. 
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CHAPTEr< iJ - -
THE LSI-l1 MICRUI~STRUCTIO~ stT 

An ~SI.ll ~icroinstruction is co~cosed of 22 bits: a lb-bit Vertical 
i~ ,i.c·r 0; n s t rue t ; o !"I f ; e 1 d 1 a 1- C , t Loa d He t lJ r n Reg i s t ere 0 n t r 01 fie 1 d 
CL.RK): a t .. bit Read t~ext Instruction, Tr,?p ano Interrupt ser\dce co~ .. 
trol field (~bVC): tina a ~·bit 16giC control (TTL Cohtrol Sits) 
field. The co m61ete microinstruction is 11 lustrated ~" Flgur~ 4.1 an~ 
tl1e' bit fields are defir.ed oelow: ,- . 

. " 

TTL Control 8its M.l<21:18> 

ReaO Nextlnstructio~, 
. -

Trap + InterruQt service MI<17> 

Loao Retur~ ~eg;ster t-11<lb> 

vertical Mi~ro;~struction 

The cO!"lte~ts of these four bit fielos are indePendent of each other, 
T to! e 1 b" b' t V e r tic a I 1'~ ; c r 0; n s t rue t ; 0 n f; e 1 d c a"" e. 0 n t a ina'" y . 0 f t n e 1" q 
oossible ~iCroinstruct1c~.s. These micr o i nstr0Cti on s ~re the sUbj~ci 
of this c~a~ter, The functions of the LR~, ~svC an~ TTL control bit 
fields were described in C~apter 3 and the co~o~ned-ope~at~on of all 4 
f 1 e '1 d s \oi; 1 .1 bed 1 s C l:J sse d" ; n C hap t e r 8, ti " C r 0 p r· 0 9 r a In m 1 n g Tee h r"\ ; ~ u e s ; 
This cha~ter co~ta;~s' ~n overv;e~ of the rr.;c r o1nstruct;ons." Appendix 
A cO~tai"s detailed descriptions. Appencix B contains a ~icroin~ruc·· 
tio~ ~um~~rY. . 

Q.2 VE~TICAL MICROIN~TRUCTIONS 

vertial m1cro1nstruct~ons have a strong r~semblance to LSI-11 machi~~ 
ins t r u c t ; 0 n S due tot h e f 0 1 ,1 0 win 9 s; m; 1 ~ r it; eo s~· , ~:'f ' ' 

1 • r) 0 t h ; n S t ,. u C t ; 0 n t'y pes are f etc h e d a " (j e l( e cut ed ; 1"\ sec u e ~~\j a 1 
fashion, unless a crogra~ con~rc' ~ecnanism mooifies t~e ;"~ 

a_4JiSJ::UUS'iiEUiili : UiiiH! . JiMI JL. .i 
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struct,on flew. 

~. ~ot~ instruction types consist of relatively fe~ internal 
fOr"Bts (bit ttel0 arrange~ents, etc.). 

3. both irstruetio" types normally execute a "eo~~lete" opera­
ticn, i.e., C~~rands a~e accessea in the m'CrOprOCessor re­
gister file, del;vel"'el.'1 to the~LU, prc.cesseo~ a"d returned to 
t~e rpgister f;le before the next m;cro;nstruction ;s execut-
ed. 

4 • 2 • 1 J I.; m J: ~~; c r 0 ; n s t r u c t ; 6 n r 0 r mat 

The JUmp microinstruction Format is cO~OOSed ot three fieldS and is 
illustrated in figure u,2. The oPcode field (MI<15:1~» alwa~s con­
tains ail zeroes. The H field (Ml<11~) indicat~s a ~eturn from Su­
b~out1ne microinstruction. T~e unconditional Jump adore~s fi~ld 
(1'11<10:0» containS 11 o;ts ~r'lC execution"of t~e JMP 'rr.;crc;"structfon 
car" transfer "i6roprOgra~ control to anyone at t~e 20U8 microins~ruc· 
t1o"s adareSS8Dle by th~ ~icroproCessor Control c~i~, ". 

The J~MP format m~cro~~strJctions require two microcycl~s fOr execu· 
tion because the normal m,croaddress operat;o~ procedure ;s moo~f~ea. 

4.2.2 COl"ld;tior·al. Jump Micro;I"struction format 
-' - -

The Conditional Ju~P Microfn str uct1on Format is ShOwn in Figure 4.3, 
These microi~structions co no1t1onally affect ~icroprogram control 
based o~ the tlaq reg;ster contents; The"flags are' tested 's;ngly Or 
i~ Ccmbina~icnS' oepend~~~ UPon the CO"01ti on field, ~1<11~8>, con­
tents. All cono;tional jumo m;croinstruct;ol"S eOl"tain the same opcode 
(MI<tS:t2» value (~1). l~e opCode ana conoition fi e l os , take~, to~ 
gether, determine an effective 8-bit opcooe value whiCh ;s usee to un-
iqUelY identifY the miCr01n~truction. ' 

The fOur conaition t1ela bits (MI<11:8> oeterm1 n e one of 16 possible 
Jump Conditions, The C OMd1t1 on 5 corresPon~ to the set or cle~red 
state of an~ one of t~e·ALV status bit ana conOition code flags, with 
the e)t e e e p t ; 0 r 0 f C '"' • 1 n' a CL1 ; t i. 0 r'1, . two con d; t ion a 1 j U m pm; C r 0 in 5 t rue .. 
t10ns test the state'of a~ IndireCt Cono1tion lOde flag; The ICC flag 
i~ either co~trolle~ airectly by the contents Of an L~I-l1 maCh'ne ~n~ 
struetion, or by a comb,nat10n.of ALU COl"oition c6de flags in r~spo~se 
to a machine ;nstruction. rne ICC flag ;s upCated only when an I~put 

WOrO mi6roinstruction is executeO, nOrmal 1y dur1ng a Feten Machin~ in­
struction oceration. The ICC test mechanism al)o~s m~Chine.level con­
trol 01 the ~'Cromach;ne operat1on ana 15 used to ;mcle~e~t the LSl-l1 
Hra~cn instruction$.' T~e co~a;t;o~ code t;ag process;~g ;s aescribed 
in sect;c~ 4. Lt, 

a.aUla iil& 2d 21 SilM 2.I4!ilUM4!2! $A;;: #$4PAi LU' SAhlUlSij" 
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Ail condition~l Ju~c ~icroinstructions recuire ~ ~1cro~aChine cycles 
to e~ecute regaraless of ~hether tne conoit1on is sat,sfied (a"d a 
JU~p is ~ertor~ec). 
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T n e L 1 t era 1 ~<I ; ere ; n 5 t rue t ; 0 n FOr m d t ; s s t"I 0 W "" ; n F; g IJ r e 4,·~, T M e s e . ~ ; .. 
cro'~structlorS provine R-b;t Constants in t~e microprogram. The~e 

are 5 microi~sructions in this qrOup ana the octal occode values 
CMl<1~:12» in tne range ~2 to 06, An 8-oit 1;tera1 f1elo, 
(MI<11:5~), i~ c~e ooerana The other operarc is scecitied by the A ~e-
9 i s t e r to;; ~ 1 0 (i'" 1 < .3 : ~: » t~ h 1 C h Sup ~~ 0 r t so; r e c tor ; n a' r e c t d d d reS sin got 
any &_b{t t~yte reg; ster t hrolJJh tne A Reao/,wr; te cart.. 'A 11 1 i teral 
~Or~at mi~roinstruCt;ons rPqu 1 r e 1 ~1crocyele tOr execution, 

q.2.4 Hegtster ~icroi~struction Format . -..... 

MOst ot the LSI-l1 microinstructions belong to the Reg;ster M;cro1n. 
struction FOrmat wh~ch is illustrated in Figure a.~. T~e ODcoa~ fi~ld 
occupies b bits, MI<15:~>1 ana op6ode vafues range from '-~7 to '37 
(oCtal). MOSt regiSter for~~t microinstructions uncono't;onal1y uP· 
date the statt..JS bit flags re1evant 'to the part';cular 'operation. The 
conait;on coce t i a9s dre selectively updated bY' OpcOde choice, the Odd 
OPCOde value tin ~eneral) aff~cti~g the conait1on COd~ tlags tn adoi-
ticn to t~e status bit flags. , '-

4.2.Q.l ~yte and word Microinstructions • All register fOrmat micro· 
instructions oelon9 i ng to th~ data ~~niPU1~tion ana t~e data access' 
classifications are either byte or word ~1croinstruct10n$, The 
byte/word d~stinction 1~ a direct conseque~ce ~f the fact that the ~e. 
g;ste~ file' access ports are only 8-b;ts wide, In;s 8-bit wiath is 
alSo shereO by t~e ALU inPuts ana output, A Oata ~anipulat1on micro. 
1nstruct;on wh;CM t.-rcCluces a si~gle a-bit byte as' its. result can be 
ComPleted in one ~iCroG~Cle; An examPl~ is t~e'Add Byte microi~strue~ 
tioA which tOr~s the bi~ary additio~ of the cytes addressee by the 8 
and A ~eg;ster t;e1os an~ oleces t~e result in the register designated 
by the A f;el(..i, The m;'croprocessor Data chip simultaneously presents 
the twO a-eft Operanos 'to the' ALU eno' res't ruCtures the A r'eg; ste~ pOrt 
pat n to loa6 t~e ALU outout when the result is tormed. 

In the caSe of a word m1cr~1nstruction, the 8-bit register port and 
ALU w;rjth reouires a ~""m'crocvcle' sequence to co mpl'ete process;ng-·ot 
lb-cit ~ord operanos. Ca~rY Or b6 rr ow infOrmation wh,ch ~eeos to b~ 
transmittea between b~te ooerations is 'stored in the ALU stat~' b1~ 
f 1 a 9 s • The A L U s tat usb; t 'f 1 d 9 S ' are un con d; t ; 0 1"'\ a '1 1 y u P d ate d b y ~,' •. e a C " 
b Y teo ~ e r e.l t ; 0 n • The A d:d . \Ai 0 r d "' ; c r 0 ins t rue t ; 0 n ; s the 1 6 ~~~J t , 
2~m~CrOCYC1~ 6ounte~p~rt of the Add Byte ~iCr~~nstruCtion.Since ~~e 
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e ana A register fields ef the ~1crcinstructiOns eaCh point to a sin­
gle"e·bit byte ~ith1n the register 1i le, special te~hniQues are u~ed 
to torm the It·Oit ocerandS for ~ord microinst~ucti~ns. Thes~ techni­
ques 3re expl~;ned in the next section. 

" -. 

There are several m;ero1nstructions ~hich produce a worO operand but 
still fall into t~e bvte clas~iticatio~. fhis is becau~e the Data 
ch;p orga~;lat;on allows the requ;red lO-b;t pdth to oe s;~u'taneously 
tormeo from t~o 6 w bit pathS. An exa~~le is"the ~R1Tt ~icroinstruc. 
t;on, wn;ch is able to s;mult~neously cresent the contents of two 1n­
d~penoent)y sp~cified registers to t~e oata aOdreSS bUtfers, and t~us 
to the WDAL pata chic outputs. NO spec1al ~eg'ster aoores~ing techni­
Ques are ne~ded ,r. sucn cases and the ~icro'nstruct;on ca~ Complet~ 
exeClJt;C)~ in a rn;nimum of or"e IT\icrocycle.' - -'. 

".2.4.2 wore uper~ra ~orm3tion - The microinstructio" register 
fi e l0S, Ml<7:a> and MI<j:~>, ~re 1nterpretea as ShoWn below to .o~m lb 
bi t' operands: . -

All wor'j operat,ons other than I';gnt sh; fts: 

A Re(dister field - ( A'. Even NOrmal Use 

A Reg;stel' F;eld - CAl Odd Bytes Reversed 

0 Register Field "" C b) Even Normal Use 

8 Re9ister F ;,e 1 c - (tj) Odd 

Right S 11 i f t word operations; 

A Heg;ste r Field • ( A) Odd Norm.al USe 

A Register Fielo JIIII ( A) Even NOt Recommended 

0 Ke9ister F;ela • (b) Odd NOrmal Use 

H ~eg;ster Field - (ti) Even Not.kecomfTIel"'ldea 

NOrmal Use: 

The majority of word,oper?no processing wi1l be cerformed whe~ both 
the A ~nd 8 f1eld register arlu me n ts are eve". Dur'n~ the first mi­
crocycl~ of a wO~d micro;nst~uct;on, the 2 register tieldS oes;g~ate 
the 8- bi t operands. Uurinq tne seCO"d ~iCroCycle the lo~-oroer bit"1n 
each register Of the fields is lo~ical1y complementea, t~us pot~t1ng 
t6 the next M1gher register locations. FOr example, if A and B are 0~ 
and 10 (octalj ouring the fi r st"m1crocycle, t~e eff~ctive arguments 
beco~e ~1 'ana 11 dur1~g the second microCycle. The actualm1cro1n­
structio~ f1elOS remain UnChdngeo. This case 15 11 lust~ate6 in' Fig~re 
4,t». ' 
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The register ficl0 asse~~ly arqu~~nts reflect this conve~tio~, T~e 

bus a11ress r~91ster ~Yrroo', ~BA is equivalent to 1~. To perform"an 
operation en t~e lo~er byte of this regi~ter, the symbol kGAl would oe 
used, wM'c h also assembles as l~. ~BAH, t~e correspona;ng n;gh byte. 
assembles as 13. 

Sign txtens;on: ~ register f1eld argu~ent odd 

If t~e b fiel1 argument is assemble~ with the low-order bit equal to 
1, the d field contents po~nt to the first byte to be processed, 
Dur1nQ the seco~o CYCle, however, the high byte is formed by extendi~g 
the' hi~~·oraer b~t of the first Or low byte through 8 b,t positions. 
Th;S case is ;1 lustratev in FigUre 4.7. ' 

Bytes ~eversed: A registe~ field argument Odd 

The sign extens10~ procedure presented above dOes NOr apcly in the 
case of an A register field ;dd arqUme~t. Inste~d,' fMe f ow-or6er oit 
of the A t;elo is como1emented fOr the second Cycle, ano the byte re~ 
giste~ accessed is the Next Lower byte, Thus the wbrd operand input 
via the A' fi'eld is byte-Swapped, as il1ustr~tea in figure 4.e~ '-

. ... - --

Since the A fiela also aetermines the destination of the ALU output, 
the abnormal rever3~d register cod;nq seawence is apparant ;n tMe 
final'register f; le COl"'lter'ts. This case 15 ; lllJstrated' in ...-i9ure c'J.q, 
whi6h Sho~S that the low-order 8~bits of ~he w~Fd r~sult are aeposited 
in ~he hig~ or oad byte and the h~g~-oraer ti-b1ts are dep6sited-in th~ 
loW byte.-

Since all Right Shift WOrd Operations begin with the left-most part of 
the' word ooe,..af"l~, t.:oth the A ~~nd b field argum.ent 'must oe odd. Left 
Shift ~ord oper~t10"s fel,low th~ NOrmal 'Use'conve~t1o~s abOve. 

4 • 3 r,1 I C R U INS 1 R ~ C T ION S I':. T F U !'oj ~ T l (J i~ A LOR ~ A N I Z AT,!, U N 

Because of the large number Of microinstructions in the microprocessor 
repetroire, it is useful to establisM a sYstem of o,..gan1zat~o" ~10"g 
fUn~t;onal lineS. The t~ree majo'" fUnctional ClaSSificationS are-Data 
Man'oWl~t1ont Data 'Access, and" ~icroprogra~ contr~l; 
SUb~l?sS;f;~at;onS Of"m,cro;nstruct;onS"exi"!;oit var;at,or.s oof a Si~gle 
basic ooeration. For example, under the uata Ma n ipulat10n classifica~ 
t 1 0 r, the r e ; s t n e a e n era 1 sub c 1 ass ; tie a t ion "r1 0 v e r, • r heM 0 v e s.~ era -
tinn may be emplo~ed b~ th~ ~i~roprogrammer 1n 8 different var1~JO"S 
a S ,1 i 5 ted below: .. ' ' l~} 

'~ ... ~ 
Move Byte 

= ,,:s SMlS £j Uk: . ¢' 
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r-1ove byte (I"lags) 

Move ,10 0 r a 

Move \~Ord (rlags) 

Cona; t 1 ol"'lal1 y Move Kyte 

COMO; t; or"'al1 y tA,cve .... 0 rd 

cona;t;onallv ~':Ov e Ijyte ',..1a9S) 

Conai t i onall y "',ove ~ord CP'l ags) 

The fi~al descriction Of a microinstruction ;5 thUS determined by 
whether it ;s' a tyte Or word ~;cro;nstruction, w~ether the indicated 
oPer~tion is ~erfor~ed ConditionallY or UnCond1tion~1 IV, and W"~~her 
it updates the ALU cond1t1on coce flags, . 

( q.3.1 Uata Manipulation Mic~oinstructions 
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The m1croinstruct1ons in t~;s grOup prov;oe the bulk of the microma­
chine data ~an;pulation ao;lity, The sUbclassifications here are: 
Move, Increment/Decre~ent, Logical, Shift; en~ Arith~et1c, The oDera~ 
tions performe~ by all microinstructjons' in this cla~sificatio~ a~e 
c6m p leted within the miCromac~1ne ana dO not ~equire i/o. T~ese ~1~ 
crofnstructions affect mi6ropro9ram Control onlY in that tney update 
the' ALU status bit, and cO~d'.it;or'l COde flags an(l tl'lat some are executed 
con o ; t; on~1.1 y. 

Q.3.1.1 Move M1cro1 nstructions - T~e Common feature of the Move Mi­
croi"struCtio~s is that' ~hey move data between loeatioMs w1t~in the 
m~c~o~acM1n~. !hese lo~at10ns are exclusively within"the microproCes· 
sor Data a~o Control Chips, with ihe exception of the Load Literal mi­
cro,nstruction which moves a constant fro~ the Load Literal ~tcro1n· 
str~ction to a deSignated ~egister. T~e Micro~nstruction m~emoniCS 
are shOwn below: 

LL 
LGL 
l.TR 
CFR e.C~ 
LFR ~v~ 
M~ 
M~F 
eMS 
eMSI-

(f-rfagsJ 
M~ 

Loao L1teral 
Load G(Reg;sterJ Low 
Loao Trdnsl~t;on ~egister 
COpy F1aq Heg1ster 
Load Fl~9 Reg~ster 
Move Byte 
Move Byte (Flags) 
Cono;t1o~ally'Move Byte 
Cono;t 1onally Move eyte 

Move Word 

.z ... _e:WA!iSSSSSi4iMaisaa:.::aaiill2US lliildZUXmMlMAMMikWl p ; PM .. ; PUPA I 
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M~F 

CM\ .. 
C ,., ... r 

(Flaqs) 

~ov~ ~ord (f'a~s) 
Con (j ; t , 0 n a 1 I y /'~ 0 V e i'1 0 r d 
COl"lo;t,onal1v "'love wo,..d 

4.3.1.2 l~crement I Uecre~ent Micro;~struct;o~s - The 
Incremen"Decre~ent Microinstructions ocerat e onlY on register c6n~ 
tents. ~ote that there is nO means of incre~enttng or decrementing 
the G req'st~r CQntp.~ts. T~e m;cro;nstruCt;on mnemonics are sMown 

be 1 o~d 

1(,81 

lCB1F 
It l12 
l(:b~F 
CICt;l 

I:)y . 1 
D!jl 
Dt31f­
CDBI 

By-l 
leWl 
ICwIF 
Ic w2 
ICwc:F 
DWl 
ow.lr 

Increment 6yte ~y 1 
Increment dyte ~y 1 (fl~gs) 
Incr~ment Byte Hy 2 
Increment Byte ev 2 (flags 
Cono; t ,1 ona i 1 y Inc rerr.ent· oyte 

Decrement Byte tly 1 
Decrement Byte ~y 1 (flags) 
Conditionally Decrement"BYt e 

rncremer"\t WOrd l3y 1 
Increment yJO 1"0 t;y 1 C~1~9S) 
Increment ~oro dy 2 
IMcrement io-iO rd dY 2 (~'?9S) 
Decrement ~oro oy 1 
Decrement WorO bY 1 (flags) 

4,3.1.3 Logical Micro,nstruct1o.ns - The ~og1cal Microinstructions 
perfOrm v3rja~i6ns of tfte basic unarY ana bInary operatIons: And, And 
complement, Or, Exclusive 01", Ones corr;plerrent; 8",d TWOS com.olement. 

Th~-m'Croinstruction mnemonics are ~hown oelow: 

NL 
NB 
N~F 
NCe 
NeBt" 
i~W 

NWF 
New 
NCwt" 
QRS-
ORBI'­
(JR W-' 

URWt" 
)(8 • 

xef' 
xw 

And Literal 
And Byte 
And Byte (Flags) 
A",d Co~c'ement ~yte 
And Co~o'ement byte (~1~9S) 
A 1"1 0 fiord 
And word (rla9 S ) 

And Co~ol~meni ~o,..d 
And Co~p'ement ~ord (~l~gs) 
Or evte 
G r ~ Y t e (F 1 a g5 ) 
Or word 
0,... Vi 0 r c:1 (f' 1 a g 5 ) 
Exclus1ve O~ ~yte i~ 
t x c1 lJ S ; v e 0 r b y t e ( ~ , ~ g s ~}~ 
Exclus1ve Or ~ord ~~ 

aSibi auSi"USUSUi£iXii s.: Jt) iiiiUSSi2. i "e",w;iI 
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X~F t.xclusive ur we., ro (Flags) 
OCP Lrtes COl"'t~ 1 eme"t byte 
OCt;t" (res Cor.plement byte (Flags) 
ot~- Ones Co;rq: 1 emen t word 
UCwr Ones COmplement word (Flags) 
r~6 Twos COmplement 5yte 
TCr3r Twos Complement t3yte (Flags) 
rcw T~os Complement 1-'0 fit 0 
TC.-.r T \'10 S (0;;'01 emen t ~Ord (Flags) 

4.3.1.4 ~~1ft ~icroinstructions - The Shift ~1croinstructions are di­
v1ded intb 8 right shift a~d 8 left shift operations. Those sh~fi'oD­
erations ~rI;Ch e)(ecute "\.-.i1i'"' Cdl'\ry" 1mpleme n t b Or 16 b't shift' regis. 
ters us,ng the L cono1t i on cocie flag as the sevent~'or seventeent~ bit 
respectively. The miCrOinstrvction menmo~ics are shown belo~: 

SLB S ~ i f t Left byte 
SLat- s n,; f t I...ett Byte (flags) 
SLt3C S h; f t Left dyte ~ftM Carry 
SLRCF S h; f t Left ~yte 1" '; t h c~rflty 

'( F T ag s) -

Slotf S h; ft k.f!ft ~ord 
SLWF S n; f t Lett word (Flags) 
SLWC S ~ ; f t l,t) f t 1IoJo rO hfth Carry 
SLrJCF S h; f t Lett ~oro t'i 1 t h Carry 

'c F'l ag s) , . 
SRd Srdft k;ght Byte 
SRSr S h ; f t t't. ; gh t Byte (Flags) 
$RBC 5 l'l i f t Kight Byte ~ ; t h Carry 
SRSLF 5 h 1 t t h1qht Byte ,-H t h c?rry 

(FTags) 
5R~ 5 h; f t ~ig'"'t ~ .. o rd 
SRwf S h; f t k~ght ~o.jo r d (Flags) 
SRWC Sh;ft i<'9ht ~~ 0,. d CarrY 
S~wCF S h; f t ~ight Woro Carry (Fl.ags) - -

".3.1.5 Ar1t rl met1c Micro1~struct1ons v The Arithmet1c Mieroinstrue­
tio~s consi~t main1y of ope'rations whiCh e1th~r' add Or subtraCt values 
eXpressea in t~Cs ccmpl~~~nt representation. u~e ~~Croinstruct1oA fa­
c11,tates aecim81 erit~metic ,(CA~). T~e mi~rOinstru~tton mnemonics 
are' sho~n below: 

Ati Add Byte 
A~F A.dd Byte (Flags] 
A"C AOd Byte with carry 
ABet- Aad byte ;'j i t h Carry (F 1 ags) -, 
CAB Cond; t i ana llV Add Byte . 
CAbr COr'ld;tior"lally Aad Byte (Flags) 
A v-. 

-, 
Add WOrd 

aaaa:. wasa:iinsaiiSi&i2iiiiL&WMiUk 1$ en : awOl ,$I. $; SL, ,n :bam AMtJA4JPUS iil 
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i\~F 

A~C 

A.-.C" 
CAw 
CAwt­
CAWl 
CA~~lF 

(F '1' a9 s) 
CAo' 
S8 
SBF 
5~C 

St;Cr 
(FTags) 

Sw ' 
swF 
SI~C 

S\~Cf" 
(FTags) 

4.3,2 Data Access Microinstructions 

PAGt:. ~.9 

A 0 ("'J ~ 0 r 0,( ~ 1 a g s ) 
Ace ~ord ~;t~ Carry, 
Add ~o~a ~~th C~rry (Flags) 
Conoit,onally Aoo Word' 
COMditionally Add Word (Flags) 
Concit'onal1y AOd ~ord un ItC 
COMd;t1onally Add hord On IeC 

Conoi t; onal1 y Add D;gits 
Sut'traCt dvte 
Suotri!ct ,8y te (t"'tags) 
SubtraCt :by te ~, t h CArry 
SubtraCt Byte W1th tarry 

SUbtract word 
subtract \!JO rd (to'lags) 
~ubt ra'ct ,-,Ol"'d W,th Carry 
Sl,Jbtr?~t fiord witn Carry 

The Dat~ Access Microinstructions provide the only means fOr transfe~. 

ring data into Or out of ~he micromacMi"e. The lb.~it transf~f p~th 
;s tormeo'bv t~e ~icroprocessor Data chip WQAL Connections 'which are 
bid,' reetio n ':l11 y ouffere({ to the "ib L~I·l1' system bUS 1 ;nes, B~A~ 
<15:00>. 

The LSI·l' macM'ne input oper~tion (DATI) is imple~ented by a Read mi­
CrO'MstruCttoM followed by an I~pui mi6roi~struction. Similarly, the 
machine output operation (OATU) is impl~~ented oy a ~rite-ou~putse~ 
q~ence of ~iCrOins~ruction$. Tnes~ twO basic seouences are available 
in seveval variat;on s to aCCO!TIo'date Byte transfers - CDATOB)- - ajll\d 
reaa-modi+~ wr1te' operation~ '(UATrO, OATIUb).- Further-v~r~at16~s 
a l' loW , of 0 r s r;. e cia 1 tot ? n a 1 ,i n ~ 0 of i n t e r ,r Up t t ran s ~ C t ; 0 n S • 

It is the data access group pf microinstructions (only) ~hich activate 
the' microrroc€ssor cOMtrol chip I/O contro' signal lines. !he ,lines, 
w~ich carry control i~fOrmation' to the L~I·l1' syste~ bus interface 
logle are ~SYNC, ~~B, wDIN, ~DUUT, and WIACK. The RtPLV and BUSY in~ 
put~ to the conirol c~1p ~re monitoreo du~ing a data ~ccess operati6n. 
The loaic Circuitry W~1C~ in~erfaces these Si~nals t~ ~~e LSI-l1 SYS-
telT' bUs'; s di scussed ; f"!' The' M1 c rocomputer Hanobook. .. -

These microinstructions are o~gani~ed as four basic fa mi11es of ~ead, 

Input, ~rite a~a output. ~urther seQuencing and t~m~ng detail~ ~re 
presented in Chapter 5.-

au 14 dU; Ijl , NMkIJMt4MU; PM l . $ ij . MatS] $I . $ ,. S$k ",i«A. A iM¥i4U l $ #$JO " ; 1=.M.ii PI 
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Q.5.2.1 ~eaa ~1croi~strwctions - T~~ Reao Microinstruction group con­
sists ~f 6 ~;cro;nstruct;ons, all. of whicn plMce a svste~ bus dev;ce 
address OM th~ d~tM n,1dress 1i n es. To facilitJte se('luent1ar adOress"; 
; n 9 , f 0 ,,J r M"; c r 0 , n S t rue t ; 0"" s aut 0 m d tic all· yin ere men t t n e ,.. e g , s t e r s Con -. 
tainin.g t~e aOdress argu~ents. secause tne A and B register ports may 
b~ rea1 Sl mu lta"eouslv, ~ll rea~ microin.structions· Place both the 
upper a"o lower Evte of the device aOOress on DUAL <1~:00> at the same 
time. All Read microinstructions except for those w~icn i~creme"t'a~ 
address ~Ord execute in O~€ microcycle. however, before execution" is 
in;t;atec· the control ChiD C~eCkS ~tPLY Hand dUSY H at PH3 to VerifY 
that no other systerr, bus operat, OI"lS are st; 11 1 n progress. Because' of 
the reouir~ent to CheCk RtPLY rl ~nd eU5V H dUr~ng PH3, the ~Odr~ss in­
fOrmation is not be placed on the hus until the fol1o~ing m~erocycle. 

. . . 

The ado~ess ;ntor~at;on ;s placed on ~DAL <15:G~> dur1nq PHl and is 
cancelled at t~e end of PH~, thus making tne aOOress valid fOr one mi­
Crocycle. All reao rr.;cro;n5tructic~s assert ~~YNC during Ph2 ot t~e 
m1c~ocycle in which tne address oecomes vali6, Tne Read Acknowledge 
(HAl ~icrOinstruction asserts W!ACK stmultaAeouslv with WSYNC, l~ all 
cas e s ~'j i) 1 N ; S ass e r t e (1 d U r ; Ii 9 t h. e -P H ~ w h ; c h f 0 I low 5 rem 0 val 0 f the ad;' 
d~ess data,· NOne of the read group microistructions efte~t the c61"1~i. 
tic n COde flags. The m~cro~nstruction mne~onics are shown below; 

R kead 
RIf3 1 Reao And Increment 8yte BY 1 
R18~ Read .41"\0 Increment dvte tiy 2 Riwl Read And Increment Word 8Y 1 
R 1 .. 4 ~ Reao And Increment ·~ord 6y 2 RA Read Ac know.' eage 

Q.3.2.2 l~put MicrOinstructions· - A member of the Input Microinstruc-, 
tton group com~letes the basiC DATI or R~ad-InDut op~ratio~. wDrN is 
ass e r tea '~LJ"'; n g P H 4 . f 0 1 low; n g t n e ,.. em 0 val 0 f a 0 d res s ,. ,., f 0 .,.. rr a t 1 0 n ' fro m 
the bus. Th;s 5;9,,0, ;$ ,,,terfaceo to the syste~ bus' as !:jDiN L, which 
; n fOr fTl s t n e addressed de v , C e to p 1 ~ C e its data on t M e bus for ; n put ' to 
tne m~crop,..ocessor. In ~rder fOr the in~ut'm~croinstruct1on to be ex­
ecuted to Com~letion'· ~~INH and k~PLY H ~ust oe asserted· during ·p~3. 
Since only the A port register is cacable Of writ1ng register con­
t~nts, incut ~o,..a microinstruct'onS recuire 2 m1CrocY~les to execute. 

In SOMe insta~ces it i~ desi~able to have the ~nput operat~ons ex~cut~ 
to comp'et'o~ ;noepcndent of the state of the RtPLY H Signal, The 
input statu~ ~icroinstructtons e~ecute ~mmeoiately ~1thout be1n~ p~e­
Ceded by a read OPer~tion and Without CMeCk~n~ the ~E~LY ~ si~n~l. 

It shoulo be ~ote-j ti"lnt of all the possible Input Microinstruction·s, .. 
only the input Vicrd (!14!) m;cro;nstruct;.ons Car'! 10ao the tra!"lsl,ation 
f"I e 9 ,1 s t e ~ (w n e nth e b reg; S t ~ r"' f; e 1 d con t a ; "s t n e pro per cod e ) ~ t~~ . t; 

f1 e ,'d . a r q U m € n t 0 f the I ~ p ~ tHy t e ,~I rl ) a ~ (1 .l n put w 0 ,. d ~ I W) m ,1 c ,~ 1 ". 
s t rue t , on C an a I sO spec 1 f Y aRe d"'" t1 0 d 1 f Y ... \-, r , teo" era t 1 on. All 0 f ,~ t he 
input ~icroinstr~c~io"s are· ~vailable in a tlag-a+fect1"9 version; 
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ld IniJut oyte 
IdF Input byte (Joolaqs) 

I~ Inout ~;ord 

l\~F - input .<ford If"lags) 

I~B Input StatuS -r,yte 
ISd.- !l'"Iout Status Byte (Flags) 
I S ~\ Input ;Jtatus word 
I 5 ~'" r ll"lput 5tatus Woro (Flags) 

4.3.2.3 ~rlte Mi~roinst~uc~ions - The Write M~croir"lstructio~s ~re th~ 
first cart of the wr1te~Output seouence ~~ich implements the DATa 
(Data-O~tr-ut) transact;o~s. decause the A 81"1d 8 register pOrts may be 
r~ao sim~ltaneously, hrite M1croinstructio~s elace bot~ the uppe~ and 
lower hyte of the oevice address On ~OAL <15:00> at tne same- ti~e. 
All ~r;te M1croinstruct1ons, except for those which ;ncre~ent an ad­
dress wOrd, execute in one ~icr6cycle. Ho~ever, befOre execution -is 
initi~tea, the Control cM1P cheCkS HEPLY H ~nd bUSY H at PH3 to verifY 
that Ao ot"cr s~stem bus operations-are i~ ~rogreis. Because of the 
reauiremeMt ~o c~eCk ~tPLY H ~nd BUS~ H cur~n9'PH3, thea~dress infor~ 
mat 1 0 n can not be p 1 ace don t'n e bus U 11 t ; 1 the f 0 1 low; n 9 m i c I" 0 eye 1 e, 
The aa~ress infor~etio~ is Placed OM' BDAL <1~:30~ durina pHl ano' is 
c a 1"1 c e i 1 e () . a t the end 0 f P H 4 ., t h IJ sma Ie: ; n G the a 'j ::: res s val; d -." for 0 n em; • 
c roc y c 1 e. A 1 1 i-i r ; t e ti; C r 0 ; n S t rue t ; 01"1 5 ass e r t v.j S Y Ned u r ; 1"1 g P H2o f t Me 
mtc~o6ycle 1n which the address is valid, The Writ~ AcknOwleage tWA) 
m;croinstructio" asserts ~lACK H simultaniouslv wi'tM wSy~C. The mi~ 
c~01nstruction mnembn~cs are sho~n oelow'- " 

w 
W181 
WL8~ 
WI~l 

wJ.~2 

WA ~1\A...OUJ:»..Jt..,."'t:. ~~~'lt~:" _ 

~oJr;te 

write 
w,.ite 
¥'l r; t e 
W r; t e 
\1; r; t e 

And lncref'l'ent 
Ano Ir'creFT'lent 
A 1"1 0 Increment 
Artd Ir"lc,..eme"t 
Acknowleoge 

- , 

~yte By 1 
t3yte By 2 
word By 1 
~Ord By 2 

4.3.2.4 Output ~ic",o1nstructions - An Output ~1~croi~structio" is used 
toe 0 '1'\ C 1 e t e the bas' c I) ~ T u 0 r Y; r i tel U u t nut 0 0 era t ; 0" , 0 r toe 0 m :') 1 e tea 
Rea 0_ Il0 (J; 'f y .. 8 r ; t e ' 0 per a t i on ( D A T I fj 0 r D A T lOt; ) • w I) Q U T ; s ass e r ted by 
an uutput ~iCrOinstruCtio" durihg P~l following the re~oval of address 
inf6~mation from the bus, This sig~al is interfaced io the Sysiem OUS 
as BUOUT L, ~~1Ch causes the addresseo device to accept the"aata 
placed O~ the bus by tM~ microproce~sor Oata cMic. In ·o~d~r for -a~ 
uut~ut f!icroinst,..uctio~ to oe co mpleteo, ~EPLY H must be asserted by 
the-add~e5~ed device during Pr~3. 80th register A and B ports provide 
far readinq Or ~ccessinq reQister co~tents' SO fOr uutout W6rd and 
Outcut ~tatus ~ord microinstructions all 16~b,ts can be outcut dur~ng 
one m1ero~ycle. 1" ~ome instances it is oesir d cle to cO~Dlete an out­
put operatio~ ComOletion ~nae~endent 0+ the state of t~e REPLY ~ Sig-



( 

0 
(I 

(J 

fj 

<T, 

c: 

c 

( 

i ( 

c 

( 

c 

I ( 

I {: 
I 1 i. 
I 

! (/ 
i 

I (: 

THE LsI-11 MI(.~Ulr~STRUC f IUN SE T 

" a 1 • 
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4.3.3 

11 

r~e Uutput Status microinstructions exeCute ;~~eo;ately w;tnout 
t.J r e C e " e rj tl Y a ~'i r i t e ,." i C r 0 ; n S t rue tic" a " 0 VII,,; tho ute h eel( ; n 9 the 
d s; q n a 1 • T '"' em; c r 0 ins t rue t ; 0 n rr n e 11'\ 0 ri ,i c s are s hOw n ~ e 1. 0 w : 

Output i3yte 
Uutput I\oro 
Gytout Status Woro 

Microprogram Control Micro;nstructons 

The Microcrogram C?Mtro1 MicrOinstructions contrdl Or modify the mi-
I 

C r 0 ; n s t rlJ C t 1 0 n flo w • The 0 n 1 y a v,a i 1 a b 1 e con t r 0 1 met hod s "0 teo v e r' e d 
by ~his g~O~p are, (1) the RSVC oi~ - (Heaa Next I~struction/lnterrupt 
and Trap Service) and (2).the-m;cror;-rocessor ~Ontl"Ol ~I·".;p RESc..T line. 

4.3.3.1 Londitional / Unconditional Jump and Return 
Micro- - ~nstructiO~s This group contains all ~~croinstructions which 
alter the micro~"struct~o~ floW (both Conoitional1Y and uneondition~l· 
, y ) " The· MOd; f y ~j '; c r 0 ; "s t rue t ; 0 n (M ~'1) .. J u rr, p (J M P J sea u e nee allow S 

the rr,;croprogra~mer to determine the jUmP m;croaddress from' data iM 
one of the micro~ach1ne registers. T~e-microinstruct1on ~nemonics are 
snow" below: 

JMP 
RFS 
JL8~ 
JZ81 
JN80 
JN81 
JIC C1 

JICI 
JC8~ 
JC81 
JN0-
JNl 
J Z~j 
Jll 
JV0 
Jvl 
JC0 
Jel 
MM 

Jump (Unco no;tio n ally) 
Ret~r~ ~ro~ subro~tine 
Jurnp i f Z8:0 
J IjiliP 1 f Ze-l 
Jump , f N~=0 
Jump ; f N6=1 
JUm.p ; f I"o;reCt Condition 
Jump ; f Inoirect Cond;t";on 
J um fJ i f C8=0 
Jump '; f C8:1 
Jurrlo ; f N=~ 
Jump '; f N=l 
Jump 1 f Z=k1 
Jump ; f Z=l 

. Jl,Jmp ; f v=tts 
JIJ!'I'lP , f V=l 
Jump , f C=0 
Jump ; f C=l 
r10di f y Microinstruction 

COde::0 
code:1 
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4, 3. 3 .• 2 L 0 I'i' Par e -3 n (J T est t..,; C r 0; 1"1 s t rue t ; 0 r'\ S .. 1 ~ ; S ~l r 0 uP COl'" sis t s of 
Tne five a,..it~~etic CO~Pd,..e ~nd five logical test ~icroinstructions, 

~;cro;~structi~n ~n~~6nics are shown belo~: 

CL 
Cd 
Ct3F 
C.-4 
C;~F 

TL 
T~ 

T8F 
Tw 
TWF 

COn'lpare Literal 
(omcare Byte 
Co~pa,..e Byte (Flags) 
Corr.pare ~4Jord 

Compare ~cra (Flags) 
Test L,teral 
Test Byte 
Test byte 'fl~gs) 
Test WOrd 
Test ~ord (Flags) 

4.3.3.3 ~;scel laneous Control Micro;nstruct;o~s - Th1s group of m;. 
cro'~structio~s affect~ control of (1) tMe 1nte~rupt register con­
tents, l2J the ALU flag register contents; (3) tMe franslation Reg;s­
ter conte~ts, and (4) the rranslation 5taie ~egister CTSR) cont~~~Sf 
Al'So i~Cluded here is tne No Operation (~OP) ·microinsir~c~ion. !h~ 
mieoinstruction mnemonics are sho~n below: 

RI 
S1 
C~F 
LFR 
LTR 
RTSi'< 
NUp· 

Reset Interrupts 
set Interrupts 
COpy Statys And Conditio" Flag Register 
Load status Ana Conoition Flag Re~ister 
Lcaa Tr~ns'at,on-~egister 
Reset-Translation State Register 
No uper?t~on . 

J!i !f2!!iJ,t #t4.M¥I M MAC&222U£liJtil2i!UIl a:" .4Ji ; $ JIM); ; . PP4i cta auto .$1, ti..JJ tid'; ; Lt·' .1 ; L U2Iane.;U'" 
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CHAPTER 5 

The LSI~11 processor module is oesignea using a microprogra~able mi~ 
Croprocessor cr.;p set to emulate a PDP .. l1. S;nce the L;)i:wll' bus" is 
mOr~ po~erful than the micrOprocessor IIC s~rUC~ure, so~~" a~d1tional 
1og1C is used to imple~ent this added cacabil'ty. "Conseouently,' ev~h 
thO~gh LSI.II bus 1/0 operations are easy to ~1croproQram, tIle actual 
imp'ement~t,on must be exami~ea.' The sche mat 16 diagra~ of the LSI-it 
C~U s~oU16 oe r~ferenceo tor the di~cuss1on to" fo~l~w. ..-

The L~I-\t crocessOr module contains hardware logic circuitry which 
i~terfac~s 't~e ~;crprocessor to the LSI-ll SYstem bus. This logic 
c;rcuit,..y accof¥'~p1;st,es oasical1y two fu!"\ct;ons: eli it modifies the 
Seq~~ncing ana timing Of control S1gnal S Which a~Cear at the Oat~ 
Chip, ana (2) it prov~des electrical buffe~1ng between the MOS LSI ~i~ 
croproces~or d"d the TTL Syste~ tus~ ThiS diSCUSSion relates-d1r~ctlY 
to i~e material 4n Th~ Mtcrocomputer HanObook. The reference provides 
two useful l~q~C drawings. ~us l/U ~ontrol serial Lo91C" and "I"ter­
rupt (,ont rol and keset LOgi e". An aCidi t; ol"'al' HandboOk" reference 1 s 
the ti~ing 6iaqra~s to~ all oasic s~stem bUS tr~~satio~s. 

The fOrmat Of this ove~view is to 11st each control signal first in 
its orig1 nal form ana then in its final tor~. For example, the mi· 
crprocessOr originate~ wSYNC H wh~ch is proCesseo by hard~are lo~ic 
c;rcu1try ~n(, Decorr:es the 'system bus si~H'\al t)tlyr~c L. 'The ove"rv1e"w 
dis~usses 7'm1croproc~so",-~Ystem bus interf~ce signals and o~e control 
S1g~al Wh1Ch is only 1n~ut to tMe control c~iP. 

a_sacC!ii2S= ! &!l!l! II!J XLI;; = 111 as;; .4!4PWWMMTI 
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5.2. 1 ... S '( ~. C. H .. f; 'T' S ~ i C L 

wSy~C h is ~sserted by the co~trol c~ip as part of t~e e~ecution of 
anY Re~a or ~rite micro1~structio". In all cases, th1s SiPndl appears 
at the be~il"'ln;n9 01 Phi!. fol10'-'Ji n 9 tne m;crocyc1e ;n .which the m;croin­
structio~ ~as executed. T~e interface lcQi c circu1try provides the 
followinq 3 flJnct;of"lS: 

-D~LAV~ The aPPear~nce of wSV~C H as ~SYNL L until after 
p ti 3 , 0 y m e d n s 0 of t n e ~ y t .. C F I ; p ~, 0 p w n ; chi s 
ClOCked by the trailing ed~e of P~3(. 

.. ~J. ~ 1 N 1 A I ~ J S E~ S Y N C L ;" the ass e r ted s tat e u n t 1 1 a t t e r B R PLY L 
has been terminated by t~e slave aevice at the end. 
of the tr~nsact1of"\. T~is ser~es to k~eD,the 'd~v­
ice reCog~itt~n sig~aj ~n the dev1ce it~elf stable 
until the oevice has completed 1t~ role in the bus 
transaction. .' , 

-INhIBITS the acpearance of WtiY~C H as eSYN~ L during inter­
rupt operations. Tne two ac~nowledge micro;n­
st~uctios RA and WA cause the co~trol c~;p to as­
sert ~5YNC rl simultan~ouslY with wIAK H. The WiAK 
H signal forces'tne'SYNC F/~ to tt'le reset state 
~hich fnhioits BSYNC L. 'T~is is used to input"an 
i~terrupt vector from an i~terruPting dev~c~. . 

WW8 H ;s asserted by the cont~ol chip during the m;crocycle in which 
ad~ress ~~fOrmation is olaced on the bus,' This s1g~al appear~ 1~medi­
at e lY as ~W16T L, del~y~d'onlY Dy the 1nv~rt'ng bu~f~r- 6rop~g~t~on 
del~y. 

5.2.3 wDIN H - 8DlN L 

WOIN H is asserted ty the control chip our,ng the microcycle which 
- - . 

follows the transmission .of address infOrmation. All Head m1Cro1n-
str~ctions cause t~1s stgnal to'be assertea at the beginnin~ of P~2. 
This signal' a~pears' imm~eaiately as"bOIN L' delayed only by twO i"v~r-
tors ana the i~vert1~~ ouff~r pre~aqation delaY; . 

5.2.4 ~DuUT H - ~DOUT L 

WDOUT H is ~sserted by t~e control c~ic at the beginn,nq of t~e micro­
cycle wh1ch fol1o~s transmtss'on of adOres! 'nforma~ion. All output 
mic~o1nstruct1of"ls r~use this signal to oe asserted at the begt~ning of 

,as a:.aaiia:::z.::iAililMi 4# Ai A 4t . . ,ail $ $. lHI';;:; 
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inter"tacf' 
H is 01so assertej as part of the DArlO tus transaction. 
logic circuitry· provides the following 4 functions: 

-1Jt..I..:AVS t~e acpearance of ~UCUT H ?S HDUUT L until after 
. -

p~2, bV means of t~e DUUT ~/~ wM1cn ;s clocked bi 
the lead;ngeage of P~3~ . 

-lN~lbITS the appearance of BSY~C L until ·SHPLY has been 
~assive long enoUgh for t~e REPLY Fif to have been 
reset. The reset state of the ~E~LY ~/~ ~ust be 
ANDed with ~DOUT H in order for the rOUT F/F to oe 
set. Th;s mechanism assures t~8t the sYstem bus 
i S c 1 ear 0 f a'l 1 . s 1 a v e de vie e act; 0 n be for e the ad· 
dressed device is tole (v1~ eoOUT LJ that the c6n­
tent of B!)AL<15':O~~> is .val;d data. 

6UOUT L as soon as the HEPbY Fir has been set, in -
response to tM€ rece;~t of dRPLY~. ~;nce dRPLY ~ 
;nd;Cdtes tnat the data output by the processOr 
has Deen accepted by the aOOressea aevice, there 
;s ~o neea to cont;nwe BDU~~ ~. 

-INHIbITS the setting Of the DOur F/~ when wSYNC H is p~s· 

s;ve. 

5.2.5 HRPLY L - REPLY H 

BRP~y L ;$ asserted by the addressed (slave) device to indicate that 
tlie" reQUired Slave action i'las oeen CornPleteo. Th;s action is t""e 
pla~ing or data on the bus in the case of an;~put operation Or the 
acceptance Of data from the bus in the case of an Output operation~ 
Due to the prO~~Qatiol"\ Oe18YSdlong the sYstem bus ana to resPonse de­
l~ys in the slave oevic e , B~PLY L a~pears asynchronously at the pro· 
cessor mooule. T~e interface log;c circuitry ~rOYides tne fol1ow~ng 3 
fun~t;ons: . 

-DE-LAYS 

·CAt"CtLS - .. 

the effective aPPea~a~ce of the r~PlY s;gMal for 
U s.e ; " t e r ,., d 1 tot h e log; c c; r cui t ,.. y I"J ~ til the be· 
g1~ning Of eaCh new miCroCYCle. ThiS is aCCom­
plished oy cloc~;~g tne Rt~LY F/F w;th PH1. 

the set state of the REPLY f/F to ap~ear as REP~Y 

H fOr input to the control chic only when a ~al'ici 
I/O op~rat1on is in progress ~eSY~C L is ~c~1ve). 

the B~OlJr L signal by Mega t 1ng the s;qnal wn1'ch 
was ANUE~ with ~DOUT H t6 set the UOUT F/F,. This 
rr. e C h a r) i s rri ace e 1 era t e s . r e 1 e a s e 0 f the s y s t e ff1 L\u,s b y 
t he a d OJ res 5 e d de v ; c e i 1'\ t he cas e 0 f an &;'t p ... u t 
t r a!"! sac t ; 0 n • \~ _ 
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B 11 P L 'y L ; s rr. ere d; r. e c t 1 y t; n If. e f~ tot he 0 li 5 y H 1 '"' put 0 f t ~ e C 0 ~ t r 0 1 
chip tt'lan ;t;5 to REr-'I_Y ~'. dU~Y His asserteo immediately w~en t~e 
REPel F/F is sPt and 15 notdepe~oent on any e"aol~nQ action, T~e 
BUSY H ;~~ut ;s cnec~ed by tne co~trol cn;o during PH3'of botn read 
~~d w~ite m~cro'nstruCt10~ execution, If BUSY H is Bsierted, execu· 
tion is susrenoec dnd the pending bus transfer is ~elayea until the 
sYste~ Ous ceco~es free. BUSY H 's alsO a~~ertea by the UMA ar b 1tra­
tion circuitrY wh~n ~nother,master dev~ce has ,control of tne L~I-l! 
bus, 

5.2.7 ~IAK h - BlACK H 

W!ACK H ;s ~sserted by the control ch;p as part of tne e~ecut;on of 
e ';' the rae k " 0 \.; 1 e a q em; C r 0 ; n s t rue t i 0 ~ " R A 0 r i"I A • T h ; s s; 9 n ali s ass e r t -
e6 at tne be~inning of ~H2, simultaneously with wSYNC. B~cause- BSVNC 
L 60es ~Ot ta~e part in LSI~11 sy~tem bus interrupt transactions, ~hi 
w S Y N C 'ti III 8 S y ~~ C L - i "t e r f ace' log; c ; n h 1 0 ; t s '8 S Y N C L , " The ; n t e r f ace 
16g~'c associated with the' control Chip wIAK H Output ~rOV~des the fbl­
low1ng"2 functions: 

-DISA~L~S t~e INT ACK F/F Ci"terrupt acknOWledge) until the 
aDoearance of waIN H. 

" -DELAYS the appearance of WIAK H, as dIACK H until one mi­
c roc y C , 'e aft e r P H2o f - the ass e r t i 6,., -0 f t:3 0 I N L. 

The set ."" 0 f u" c t ; 0 n $ are ,., e c'e s sa,.. y to ass u ret ,,~t 8 Dr N L a r r i v e sat the 
interruct1nq aevice befo~e HrACK H. The transition' Of dDIN'L from its 
passivet6 active state is used-b~ the inte~ruPting de~iee to ia~ch 
t~e state of the two i"terruct acknowleage f1'0 floes, thus arbitrat­
ing their interrupt pr;or;t;es~ T~'s m.ecnan;sm has the conseouence 
that tne Write ~Cknowledge ~icro;~struc'ton will never produce a ~IACK 
H S, 9 f"\ alb e~ a use t~ D 1 N His n (.) t ? sse, r ted asp art 0 f a w r ,i teo per ~ t ~ 0 n. . 

5.3 TH~ DATA-INPUT (DATIl QPtRATION 

( 5,3.1 UATI Operation, Minimu~ Execution rime 

o 

Figures 5.1-1 a~d ~.2-2 ;11ustrate the control signal action relevant 
to a DATI Operation whiCh exe~utes wi~h mini~um possi61e delay. The 
m ; c r 0 ; n 5 t rue t 1 0 n 5 e a U e nee' p ',.. e sen teo i S REA D " Ii J i.J U T ~ 0 ~ 0, N ext ~1; C ,.. 0 ~ ,., ~ 
strue'tion: 

R ADDRtSS DEVICt, SlGNAL DIN 

_=u,c:z".:au i i .. ; M :.MP #4 JP at hi:; J 
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Next ~;cro;r.struction 

).' 

IN~UT LO~ A~D HIGH tiYTE, 

The i n (1 ; v ; d U ale v en t s ~ "',; C hOe cur ; n t., e I) A T'1 ope r d t ; 0 n are '0; s c U sSe d 
with t~e a1ci Of ~i'qures ~.1-1 a~d ,~.2-2, which contain the M1crocycle 

, ,-

reference nU~bers. 

microcYcle 1 Read 

Tne execution of tne Re~d m;cro;nstruct;or ;n t~e f;rst m1crocy­
~le causes nO change in the Control C"1~. T~e microinstruction 
executes to comoletion because Rc~LY H ana ~USV H are not assert-
ed dUring P~3. ; 

Microcycle 2 

tiecause the Re~d microinstruction eXecuteo to complet;on dur;ng 
f": ; C rOc y c 1 e 1, t r, e ado res s ; n for mat ion ; s ~'l ace don B I) A L <'1 5 : ~H~ >' at 
t Me beg; n n 1 n 9 0 f P rq • Il~ $ Y N C H ; 5 (3 sSe r tea at P H ~ , c au's i n 9 I::) Y S N C 
L. to t,p" asserted at trie beg;/"'ir"\;n.g of Pn;~. Since the addressed 
device cen onl'l resPonse to tH)lN L, wh1cn has ~ot yet bee,,' as .. 
s e I'" ted, - the I r~ PUT fi 0 K D I'f' i C I" 0 ; n s t rue t '; 0 n c h eel( 0 1 R' t PLY H d u r 1 n ~ 
PH] faJls ana initiates the ~AIT sta~e~ 

Microcycle 3 InDut word (Wait) 

8ecause the Read m1cro;nstructio~ executed to complet;on durinq 
Microc~Cle 1, wDlN H is ~sserted at the beginni~g of PH2. The 
assertion of BDrN L follows immediately, I~ response to tiUIN L, 
t '"' e a dar e sse d de v ; c e P'l ace s d a tao n t;3 D A L < 15 : 10 0:>' a" d ass e r t s tj Ii PLY 
L 'io"the proces50r~ Howeve~, the RlPLY F/f is not clocked until 
PHl ~nd kE~LY ~ remains ~assiv~ w~~Ch ~afntains the WA~T state. ' 

To assure minimu~ oOssible delay in the execution of the OAT! op· 
~ration i1 lust~ate~ nere, ~R~L~ L must be received by the proces. 
so~ in time to set the R~PLY F/~ at the begi~nin~ of ~1c~ocycle 
4, btherwise, the ~AIT state will continue t~roughout M1cro6y61~ 
Q and the ~ext OppOrtunity'tO set the KEP~Y ~/F will ~Ot oC~ur 
~ntil the ceginntng of M1crocycle 5, - . 

M1crocycle 4 

~he ~sserted state of 3RPLY L sets the R~~LY F/F at the oeginning 
of PHi. Since ~EPLY H is no~ active, th~ wALT state is term1Mat. 
ed d~r1ng the PH] ~EPLY H chec~ ana t~e Data' C~iD stOres the' 'ow 
byte ;~ its des'~~~tea reg1ster.' , 

M;crocycle 5 

Since the PH3 cheCK of RtPLY H ;s still true t~e data ch;p stores 
, -

the I-l1qh byte in its. des;gnated register (determl!"'led by tomPle-
menti~~ tne lo~·order bit of ~he A register field)~ NO control 
Signals are ~h~ngea by either t~~ processo~ or the addressed de v-

=iiSi:s:aiiUiJUliii;A;Ui&Ui2iU (Ii tUU.l¥¥4I. AIUt., z 4 it sa; P4itSUS ilk It: it li 
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MicrocYcle 0 r j e 't t r1; C I" () ; ,., s t ,. wet ; 0 n (P c s sib 1 e .-..A I r ) 

~ecause the Input I~ord microinstruction ~xccuteo to comoletioM 
OUriM? ~icrocycle 5, both ~~tNC h and ~Q~~ h are mace passive at 
the ena of PHi. Since wU!N rl must be ass~,.ted-to enable"RtPLY H 
aYri~g a U~TI ocera~ion, ~tPLY H also gOeS oaSS1ve. ~01N L "goei 
pas s ; v e ; Ii'~, e :) i ~ tel y, \ttl n ; C h - ; nt 0 ,. Ilj s" the a () ,J res S € joe v ; c e tor e m 0 v e 
its catd "f,.o~ dDAL<1~:00>. This cata ~S removed aoout the same 
time t~at ~RpLY goes passive at t~e processor. S,nce t~e S~NC 
F/F is locKed into -its set state oue to the ~~t state of thi 
~t~LY ~/f, SSy~C L r~~~ins asserte6. 

If the N~XT MICRUINST~UCTION oelongs either to the Read or ~rite 

grOuPI th~ state ot bUSY H is checke~ a~O a new wArT state w~11 
be i~it1ateo ~hich delays the ceg1nning of t~e next 1/0 opera­
tic,.,. llny otl'\er r;dcro;nstruCtion w1'11 execute, To assure m.ini­
mum poss,ble aelay';n ti1e execution of·the DATI operation illus­
t~ated ~ere, oRPLY L must "90 passive at the procesSor ;n t;me to 
reset the kEpLy ~/~ at-the beginning of M1CroCyc"'e 7, uthe~wise 
t"'e nextOpportvnii:y to set' the RI:.PLY Iv/F w;l'l not occur until 
the b~g;n~;ng of Microcycle 0, and a possible ~AiT state" ;n;tiat~ 
ed dur~ng hicrocyc~e ~ wil 1" ~ontinue at l e ast"1nio M~crocycle a, 

M1crccycle '1 Next Micro;nstruct~on 

Sin~e eRPLY L waS negated bY the addreSSeO device Quring Microcy­
cle 6, the REPLy ~/~ is clocked to the reset state at the beg~n­
ni~g of Phl, "~h1Ch-c~ncels BUSY H, Th~ reset st~te bf the ~EPLY 
F/F also ~1 lows the-SYNc f/~ to be 610cked to tAe reset state a~ 
t~e enO of-PH], ~h1c~ makeS BSYNC L ~assive. 
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Fig~res 5.2-1 a~d 5.2·2 il1ustrate the cc~trol si9~al action releva~t 

t~ a DATI b~eratic~ ~~ w~ic~ execution is delayed at" 3 ~o1nts. rhe 
delays oCCur auri"9 the execution of tne Read ~icroin~truct10n ano -1~ 
the" reS~O"se of the aacressea device to tbtn the asserti~~ ~n6 nega­
tio" of ~QIN L. The microinstruction secuence presanteo here- is RedO, 
I n put ~ 0 r d , r·,· ext r-~; c r 0 ; n s t rue t ;" 0 t'l : 

R tj,A ADDRtSS DEvICE, SIGNAL DrN 
-- -

Iw t:3,A I~PUf LU~ ANU Hl~H bYT~ 

Next ~1crinstructi~n 

The ind'v~dual events which occur ~n tne DATI ODerat~On are discussed 
with the aio of ~1gure ~.2-1 and 5.2-2, whic~ Conta)n the ~icro~y~l~ 
reference numters. 

M;crocycle 1 

T~e ~U~y ~ i,.,out to the Control ch;P ;5 aSserted ouring the en­
tire m;crocycle ~h;ch causes the pH3 cheCK performed bY the RtAD 
m1crOi~s~ruCtion to 1ail~ The ~AIT -s~ate is 1~1tiatea dur1n~ 
PH..3, For complete accuracy, otner contrOl signal- actior'\s should 
be apparent during m1crOCycle 1 ~n;ch relate to ihe conclus;o~ of 
a orev'ous 1/0 transaction. These' act;on$ ~ave been omitted from 
the figures.' '" -

i 

Microcycle 2 Read . , 

The bUSY h signal goes passive prior to t~e P~3 check, Since the 
BUSY H check is passed, the ~ait state is term1n~ted ana-the Read 
~i~rOinstruction exe~utes to completion, 

M1crccycle :3 InPut ~ord (wait) 

tieeayse t~e READm;cro1nstruct;on executeO to completion during 
MiCrccyc1e ~, the aOdress information is placea on bD~L<15:0> a~ 
the begil"n1ng of Prll. "'~YNC H' ;s asserted at PH~, caus'I"g bSYN(.; 
L tot" e . ass e r t ej a t .t r, e beg; n n 1 Ii 9 0 f P t"l4 • S ; ri c e the a 00 res sea 
device ca~ only r e sp6 n o to BDIN L' whtch has ~Ot yet beeA 8ssert M 

ed, tne !nout Word m;croinstruct1on chec~ of RtP~Y H our,ng PH3 
tails ana initiates the ~ait state, - . 

MiCl"ocycle 4 Input ~ord (Wait) 

decaUse tne Reao m;croinstrUct;o~ eXecuteO to completion during 
M1crocycle 2, ~DiN H is asserted at the be91nni~g of PH2. Th~ 
assert10n of BOIN ~ f6,~ows immeai~telY. Since t~ere is no 
~hange in the stat~ of ktPV H, the WAIT state is maintained," 

M1crocycle ~ Input ~ord (~~~t~ 

I n reS PO n set 0 B ~: l ;./ Las s e r ted d U r ; n 9 ;~; c j"' 0 eYe 1 e JJ, the ad CI reS S ( ~ 
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de vic e ass e r t S b I' P L '( La,.., rj p 1 r3 C e S d at "l 0 n tj D A L < 1 5 : ,1 v' > • ~ inc e 
tMere is no change in the state of RtPLY ~, t~e ~a1t state is ma­
;ntained. 

If bkPLY L had teen asserted during Microcycl~ u, H~PLY H would 
have OrccMe active during ~1crccyc'e~. As illustrated, t"e aa. 
d4ticn a l delay in deviCe resrionse ~oas one full miCroCYCle to the 
execution of'the UAT! operat1on. 

Microcycle 0 lnput ~ord (Inout LOW dyte) 

The aSserted state of ~RPLY L sets the RE~LY F/F at the beginning 
6f ~Hl. Since R~PLl H becomes active, the wAll state ister~i~ 
nated oU~1l"1g the PH3 REPLY ~ Check' and the Oat~ ~hi~' stores 'the 
low byte ;~ the oes;gMated register. 

M1crocycle -, Incut word (Inout High ~yte) 

Since the PH3 chec~ of RtPLY H is again PaSSed, the oata chic 
stores tne hignovte in its designated register (dete~~~ned b~ 
eomple~ent1~g ~he low or~er bit of t~e A register f1elo). No 
other co~t~ol signals are changed by either the processor'or the 
addressed device. 

Microcycle 8 Next Microinstruction (Poss1ble WAlT) 

8ecause the Input ~ord ~icro1nstruct1on e~ecutea to completion 
during Microcycle 7, both wSyNC H' an~ wOIN Hare made Das~ive' at 
tMeend of PH1. Since ~uIN H must te asserted to enatle"RtPLY H 
our; no a L) "~1.1 0 per a't ; 0,.., , ~ t PLY jn! a 1 s 0' go e 5 pass'" e.' b DIN'" L -go e S 
passive im~edint~ly, which infor~s the adOressed' device ~o remove 
its ~~ta' frc~ 8DAL<lS:JJ>. SinCe the Sy~~ F/f is lOCked into it~ 
set state oue to the set state of the ke:P~Y Fir, 6~'fNC -L re'!'a;ns 
asserted. 

If the next ~icroinstruction belongs either to the read Or write 
groue, the state of R~PLV H ana BUSY H is checked and a ne~ ,WAIT 
state ~il1 be i~it1ated whiCh dela~s the beginning of the next 
,I/o 0p e r 3 t1on. ,Any Ot,ner m;Cro;nstruCtiOM wi 11 execute, 

M;crocycle 9 

1 n res p 0 ~ set 0 B t) Ii,. L n e 9 ate d d u r ; "g tvi; C r co eye 1 e b, the a dar e sse d 
device negates b~PLY L and removes its data trO~ ~UAL<15:0~>, 
Since there is ~o ch~~Je in-tMe state of bUSY ~ the possible ~AIT 
state wcu10 be mainta;ned. 

5i nce bRPLY L was negated by ~~e a~aresseo device during M1crocy· 
cle q, t~e RlPLv ~/~ is clocked to tne r~set state at tne begin­
n ; n q 0 f PH 1, W,n 1 C h - can cells 13 U S Y t~. The res eo t s tat € 0 f t I"l e HE PLY 
f I F a 1 S 0 ~1 1 () W S t ~ P. S.y;\j C r I J-' . to bee 1 C,J C Ie: edt 0 t M. ere set 5 tat eat 
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t~e eno of P~3, wM'C~ ~akes ~S1NC L P~ssive. 
,1 

Dev1ce Respor.se ~.ote 

If 6~PLY L had ccen negated during ~tcroCYcle 8, b~SY H would 
h a ve bee 0"" P. pas s ; ve Q lJ r ; n r;; M; C roe y c 1 e 9. AS; 1 1 us t rat eo, the a d­
d1tio~al delay in device resconse aocs one full microcycle to i~e 
execut1cn of the DATi operation. . ' 

fIGlJRE 5.2-1. 
DATI LH:.LAyf:.1) 1 
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The DATI operat'o~, dS 1~plement~d tiy the RLAO~l~pur ~1croi~st~uct1on 

sequence, al l~~s tor var1aole oelays in adaressed device resonse to 
both t~e ~sSprt1on ana ne~atio~ Of d01N L. In a~y Conve~tiona, ma­
Chine co~f1curcition t~e oevice responses ~111 likely not ce th~ mini­
mU~S C;SCUSSCO 1n section 5.3.1. To make better use of wnat would 
o t '" e r w ; s e 0 e h a ; t .. , n d u C e d rl1 1 c r 0 pr 0 c e s so ria 1 e t; me, o'a tam an; D u 1 at; 0 n 
microinstruct'cns ~ay be 1nserteo betwee~ tne kead and Input m,crO'n­
strwctions. l~e time recuired to execute t~e inse~teo data ma~;pula­
ticn ~icrointructionS shoUld OPtim d tllY be Close to, hut ~ess t~~n, 
the WOrst c~se ~aximum aevice response to the ~ssertion ot eDIN L. -In 
this ~ai t~e ~ic~O~r09ram will execute wit~ m1~i~izen or even zero 
overall oelay. NO oifficultv 's encountered ,f 3daresseo aevice res· 
Pon se causes HLPLY H to be asserted before .ComPletion Of the inserted 
data man;pu 1ation m,cro;nstruct;on seouence ;s completed. T~;s cond;­
tion merely ae1ays, for a different reason, the eventual ComDlet;on of 
the DATI operation. . . 

Once the IN~Ul microinstruction has e~ecuted to completioM, the ad­
dre~sed devic~ 15 ex~ecteo to rem6vedeta and neg~t~ bRPLY L. The ~i­
croproessor' may' be best used at this po~nt by exe6ut1ng ~icroin~t~u~i. 
tons which 00 not Check the status of 'e~tner ~~p~y ~ or eUSY H. 

To su~m~r~ze, the delay in execution of a miCrcrogram containing a 
DAT! operation may be minimized if: 
". . . 

;. ·.l~e ~;Cl"o;nstruct;on i~med;ately precec::iing tne R~J\O m~cro~n-
~truct~on aoes nOt c~use BUSY ~ Or R~PLY H to De asserted. 

2 . . The adOressed device responds to tne assert;on 01 BDINL 
~, ; n ; rr U rr t i !Tl e " 

~. The ~Ooresseo dev;ce I"espo~ds to the negation of BDl~ ~ in' 
~;r';rr.um t'~e. 

4. The ~icroi~struction immediately following the INPUT m1croin­
struct~on does ~Ot check R~PLY H Or B~~Y H. 

( As an alternative to condition 2 ~bove, unavOidable aelays may be 
uti}izea by cata manipulation m~CrOintruCtions. 
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)1 'j 
5.4.1 ~Al0 C~eratio", Minimu~ tx~cution Time 

Figure ~.j 111uGtrates t~e control signal actiOn relevant to a DATU 
operation ~hich ~x~cutPs ~itM mini~um cOs~ible delay, TM~ miCro1n­
struction se~ue~ce 'presented is wri,te, Output ~ord, Next Microinstruc­
tiol"': 

W tl,A A0DRESS DtVIC~, SlGNAL DOUr 
,. 

U.,. i:',A OUTPUT wORD 
Next Microinstruction 

The ind i vidyal events which Occur in the DATa Operations are discussed 
w1th the a~o of Fiqure S.3~ wn~ch cont~ins t~~ M1crocy61e reference 
numbers. 

Hicrocycle 1 ~'J r 1 t e 

T~e execution of the W~ite mtcrOinstruction in the first ~icroCY­
cle causes no change in the control '~nes. TMe microinstruct~o~ 
~~ecut~s to ComPletion b~c~use RtPLV H an o BUSY H are Un~ss~rted 
dlJring Ph3. 

M;crocycle 2 . . Uutput word ~W~it) 

Because t~e w~ite m1croi~struction executea to completion during 
Microcycle 1, the aciOress ;nforrnatio" ;s placed on"bDAL<15:'30>' at 
the beg;" n , r" 9 0 + PH 1 " T 1"1 e' ~ w B H S; 9 n a '1 is' ass e r t e 1 at t n e ~ e 9 i i,~ 
n;ng of PHi wn;ch' i~dieates a write operation. The-assertion of 
BWTbl L fOllo~S immeo1~tely.wSYNC H is ~sserted at PH2, causing 
~SYNtL to be asserted at the Oegi~~ing of PHU.- Since ~Me ~d~ 
OreS$eo oevice ca~ only re~pond to ebOul L, which ~as not ~et 
bee !"I asserted, t n e u u·t put ~j 0 r d m. i e r 0 , n S tr u c t ; 0 1'"\ check of ~ E P L 'fH 
d U r ; ~ 9 P r'j ,3 f ~; 1 san d' ; nit ; ~,t est hew A ITs tat e • ' ,. 

uutout riord (Wait) 

eecause tne uutput ~Ord microinstruction executed UP to the fail­
ing chec~ of ~EPLY H during Microcycle 2' ~UOUT H is assertea at 
~he beg i nn1nq of PH1~ The ~~PLY flF' i~ in the"reset state d~r1ng 
this micr6cycle, -whic~ allows the asserted ~UOuT H to set ~he 
I) u U r F / Fat the be 0; f"'i n ; n 9 0 f Ph 3. h hen the U 0 U T' F / r , sse t ,. 
~OOUT L is asserteo, si~ce th~s example Conta1n~ t~~ Output word 
~1Croinstruction, w~tiH and thus H~T8T L are negated at the begi,,· 
n;ng of ~Hl. BwTbT L remains asserted past th;s oo;nt only in 
the Case of a bYte Outout 6p~ration. AlsO during PHI, the' Data 
ch1c sirrult~neously places ~wo bytes (d fu)l wOrd) of data-o~ 
ti D A L < t S : L) ~ > • l ~ res p" n set 0 the ass e r t ion . 0 f b D u U 1 L. , the a d­
dresseo dev1ce accepts the data output Oy the ~r6cessor and reo 
t Urn S e f; PLY L. ri 0 \oJ eve r , the t{ i:. PLY F / F ; son 1 y C I 0 eke d at P 111 and 
~EPLY H re~ai"s passive whiCh ~aintains the WAIT' s~ate. -

!O assure Mini~u~"posstble de'~y in the execut~on of the DATa op­
eration 11 lustratea here, ~RpLY L must be received by the proces. 

=Z:E2SSUlIGMMMl4£J p 14; $;; ,l II tS.i4H!\I ; :; 
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so~ i~ li~~ to set th~ ktPLY F/F at the begin M1ng of ~1c~ocycle 

4. Uth(r.~se, the ~ait stat~ ~il' cc~tinue throughout ~icrocyc'e 

~ ~n~ tMe ne~t oppor~u~ity to set t~e ktPLY f/~ w111 ~ot OCCur 
unti' the begin~ing of M1crocycle ~. 

~1icrocycle 4 

The asserted state of tiR~LY L· sets tne RePLY F/F at the beg;~n;ng 
of ~~l. Since RtPLY H tecomes active, the ~dit state is termi­
nAted at the PH3 R~PLY rl cheCk ana the Out~ut ~o~a ~icrcinstruc­
t10n executes to completion. The set state of t~e R~FLY r/F also 
negates t~e DOUT F/F 1nput, and it is clocked to t~e'reset st~te 
at the beQinni~g of PHj w~ich negates ~uOUT L ana also can=~la 
RtPLY H. ~Ote th~t the ContrOl cn'~ deter~1nes the. st~te of 
~tPLY ~ at the beg;nn;ng of Ph3, thus reCog~'z'ng the ad~ressed 
~evice response befOre RtPLY H is canceleQ via the resetting of 
th~ . QUUr F/F. ln res~onse to t"e negation of SaOUT L, t~~ ad­
Oressed oevice negates BkPLY L. 

To assurp minimum possicle delay in t~e e~ecutior of the DATO OD­
~ratio~ il1ustr~ted, HRPLY L must go p a ss1ve dt the processOr tn 
tim~ to reset th~ kEPLY F/f at the ce9inn~ngo' M1crocycle 5. 
ott'lerwls0 the next OpportLJI"ity to reset tMe Rt:.PLY· F/F will not 
occur ~ntil the beginri1ng of MicrocYcl~ b. 

"'1;crocYcle 5 Next !nstruct;ol" . . 

Since sRPLY L was negated during Microcye 1e 4, the R~PLY F/~ is 
clockeo to the reset state at the beginn'ng of t-IH1,"tt'1t.1s cancel .. 
ling BUSY H •. because the uutput ~OrO mi~rOinstru6tion executed 
to com~'et,on au~ing Mtcrocycle U, wSYNC H is maoe' passive at the 
beginn1~g of Ph2 and ~D00T H is ~dae'pdss1ve at the beginning of 
PH~. . The Data chip removes the outp~t ~ord fro~ bDAL<1~~0e> at 
the end of PH4. SYN~ L is clocked to the ~ass~v~ state- ~t the 
end of PH3, -

Any ty~e of microinstruction ~ay be eXecuted dur1ng Microcyc~e 5, 
s;nce tne ~f:.Pt..'f' r/F ~~s reset at thebeq;!"In;ng' Of PH1, tl"lus ne­
gating BUSY H. 

taSJDU:SkS2:SJi .J.ii.K .M: ; $4Q : II T a <4Uts 11$=" 
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5,4.2 PAlO Oelayeo E~ecution Ti~e 
"' 

Figures s.a-l and 5.U·2 illustrate t~e contr,ol signal action, releva~t 

t 0 at) A TO, O~' e ,.. a t. ion 1 n w 1'1 ; c h - e )( e cut ; 0 n ; S d P 1 aye 6 a t .3 C 0 i n t S • f h e 
del~Ys occ~r ~uring tMe execution of t~e ~r;te micro;nstruc;ton and-;" 
t~e resco~se of t~e ~daressed device to botM the assertion a~d neoa­
ticn of 6UOUT L. The m;Cro;nstruction SeQUenCe prese~ted "ere is 
W r i t e , u u t put '"' 0 r d , N e )( t M; c r 0; n S t rue t ~ on: ' -

~ c,A 
O~ d,A 
Next MicrOinstruction 

A D ~) R t:. S S D t:. V ICE, S I G i'; A L DO U T 
OUTPUT I~U~D 

, 
I 

I 

The individual events wnich occur i,n the OAT! Operation 
w~tM the ~ia of Figures 5.4-1 ~na 5.4-2 which'conta~" 
reference numbers, 

M1crocvcle 1 l~rite (Wait) 

are discussed 
tMe rr,;cro~y~l~ 

The ~USy H input to the Control cht~ (not shown in the timing di-
99ra m) is asserted ouri~g the' entire microcycle' whi'ch c~u~e~ the 
~Hj ~hec~ Performed bY the Write m~croinstruct,on to' ta~l, The 
wAIT'state is init~ated duri"g PH3. For com~lete accuraty, othe~ 
Control Signal act;o~s SnoUld be apparent ouring MiC r ocycl e 1 
~h1ch relat~ to the co~clusion of a previous 1/0 transaction; 
These act;ons have been o~;tted from the figUres. . 

M;crocycle 2 

The bUSY H signal goe~ p~ssive prior to t~e ph3 cheCk. since the 
BUsy ~ check 's passeo, the ~ait state ;s ter~inated and the 
write m;c~o;nstruct;on' executes to completion. 

M;c r ocyele oS OutPut Word (Wait) 

~ecause the wr;te ~iero;nstruct;on executed to complet1on our1ng 
M;crocycle 2, the address 1nformat;o!" is placeo on-SDAL<lS:0k1)' at 
the begi~n1ng of P~l. ' , , , -' 

The ~w~ H signal 1s as~erted at the beginning of PHl which indi­
~ates a ~rite operation, The assertion o~ 8~TbT C follows 1mme­
(Hately. 

WSyNt H is asserted at PH2, causing bSYNC L to be asserted at t~e .. -- . . 
beg;Mn;~Q of PH4. Since the aa~ressed dev;ce can only respond to 
8DUUl L' wt'lich-t'las I"Ot yet been 8ssPrted, t!"le 'output WOrd miCrO­
instruction cheCK of ktPL~ H dur1ng PH3 fa;ls anO ;nit;ates the 
~"4A1T s'tate. 

M1erocvcle 4 output Word (Wait) 

Because the UU~Dut ~ord ~icro1nstruct1on executea until the fail­
ing check of ktPLv H' during ~1CroCYC1~ 5: wOUUT H is asserted at 

zsa_!SlsaliUa,ili.iJiiiUUiii LdUb M, lit!; .au 
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tMe beQ;I"\n1i"1(J Of PHI.' Tl"\e HtPL'1 F/F- ;~ in,tt'le reset state during 
t t'I ; s ""'; C' roe Y C 1 e \4/ h , C ~ . ,~ 1 1 0 \"1 S t '" e ass E' rtf: a t'i iJ l; U T t-, t c set t h·e () U U T 
r/f at tMe np'p;n",;n0 ot 1--'~1.s. "hen the IJUUT F/f- ,s set, buOi.JT C 
is ~sse~t€t. 511"\CP thi& exa~p'e cont~ins' th~' Output ~ord micrO~ 
; ,.. st. r I; C t ; c 1""', \.< ,'. :'~~ H ~ n Cl t '" U S d ·Ai T c· T L are' n e 'J d tel) a t t r, e beg ; n '" ; 1"1 9 
ofF H 1 • I"' I' T I:' 1 L - I"' fa rr: a ; n ass e I"' ted p d S t t h ; s ' 0 0 '; n ton 1 y ; n - the cas e 
of a ~yte out~ut o~eration. ~lso curing ~Hl, tl"\e uata chip sim­
ulta~eously place& t~O oytes (n full wore) of oata on 
e· c ~ L < 1 :, : ~, ~-. > • S , nee k E PLY H ; SUn c nan qed ,1"1 t h ; S m i c roc Y c 1 e, - t 1'\ e 
~AlT state is ~~;ntaf~erl. 

M;crocycle ') Output ~orQ (~ait) 

11"1 r~:5;:-O('\~€ to t;,{)O~T·L, the aotjr'eSSea dev;ce accel=ts tt'le oata on 
b[)t:.L<l-:':i1\u> and returns BRPLY L to tne I?rocessor.· HOwever,' the 
Kt~LY f/~ is onlY CloCKed at PHI ~no Rt~LY H re~~i~S eaSS1V~ 
~h1ch ~a'"tains tl"\e ~AIT state~ 

If BHPLY L M3C been asserted during Hicrocycle u, K~PLY H' would 
have becO~e active ~uring M1crO~ycle 5. As il1usfrated, the ad­
d~tional delay i~ oevice response aoos one full microcycle t6 ihe 
eXRcut10 n of " the DATu 6per~t~on. 

M;crocyc1e b Output r-Jord 

The asserted state ot" 8RPLY L sets the REPL.Y F/F at t"he beginning 
of PH1. since RcP~Y H becomes active, the WAll state is termi~ 
n~ted ~t the PH3 HtPLY H CheCk ana t~e output wO~d ~1croi~stI"'UC· 
tion e~ecutes to completion." The set state of the ktPLv F/F also 
negBtes tl"\e DOUT F/F-input, ana it is c'oc~ed to the-reset s~~te 
8t the teg1n"ing of PHl w~1ch negat~s bPOUT L a~d alsO ca"cil~ 
~tPLY H. Note that the Control cMi~ deter~ines the st~te 'of 
Rt~LY ~ at tl"\e beginning-of P H3, t~u~ recognizing the resp6nse of 
ihe addressed device before R~PLY H is cancelled v1a the reset. 
tin9'~f tne POUT F/F. 

Microcvcle 7 Next M;ero;nstruct;on (poss'ole ~A1T) 

~ec~use the output wOrd microinstruct1on executed to completion 
d u I"' , "g fo,1 ; C roe Y C 1 e 6, . ~ ::, Y N C H ; s rn a 0 epa s 5 , v eat t l"I e beg; n n i "g" 0 f 
p H 2 d 1"1 d \"j D U U T 1'1 ; sma d e ~) ass ; v e ~ t . the' b € 9 ; n n i n got P t14 • r n e 
Data ch~p removes t~e Output ~ol"'a from bVAL<1~:~0> at the end-o~ 
Ph~. 1~ response to the negation of 800UI L, the ao~ressed oev-
;ce nec:;ates !-)~PLY L. however"~ since the'~i:.PLY ~/~ .1s clocked at 
PHI, it remain~ ,,, the set state which asserts BUSY H. - . 

1 f the I~ ext M; C r 0; n S t rue t ion bel 0 n 9 S e; t I"! e I" tot her e ado r WI" 1 t e 
group, the state of ~USV H is cheCke~ and a new ~ait state w~11 
be initiated w~;Ch de'dYS the beqinn;ng of the ne~t l/U oPera­
tion. Any other m1croinstruct1o~ will execute 1~~eo1atelY •.. . , 

If 8HPLY L had tee~ negated during MicrocYcle 6, the R~PLY f/~ 

~oul0 h~ve 'teen reset at the beg1nn~ng' Of M1crOCycle 7~ 'As ~1; 

Lac. :USUi!lliUMiilliimiT; I.a;; t2 2L . Ie # S.JMSMJJi b I. J dti4$A#$Umil4;;;U4iXlZ4li$4i! 
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lustr'ated. t~e and; tional delay ;n device r'e~ponSe aOdS .one full 
microc~cle to t~e e~ccution of tne VATU o~e'at1on. 

r-1;crocycle b ~ext·MicroinStructio~ 

Since bRPLY L ~as negated juri~g ~1crocycle 7, t~~ RtPLV ~/~ is 
cloc~ed to tne reset state at tne beginning of ~Hl, tnus cancel­
);n9 BUSY~. The reset stat~ of the RtPL~ F/F al~o al1o~s the 
SYNC F/f to be clocked to the reset st~te which ~egate~ BSyNC L. 

If the ~icroinStruct;on 1n Mic r ocycle 7 caused t~e microprocessor 
to initiate the ~AIT s~ate, t~e ~1croi~struct1on will now exe. 
cut e • . 0 t ~ e r W.; S em; c r 0 ; ,., 5 t rue t ; 0 n e x e cut ; 0 n 'I pro c e e 05 nor mal 1 Y • 

as; Hii2 ; lUi WJMWlAk t 1)$, 'n, &£2 3: p. 1145)· 
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The DI\TU operation, as ;.mpl~"ented by the ~'r;te-uutPut microinstruc­
tion se~uence, al lows f6 r var1~ble delays in addressed device response 
to toth the assertion ana n~9ation of GDI~ L." However, there is an 
impOrta~t difference betwee~ t~e OATl ana u~,u operations regarding 
delay handl'~g. To Oot1m~ze micrOprocessor perfor~ance in the DATti 
con~ext, th~ ~utput ~icroinstr~ction ~ust im~eOiately" follow the wRITt 
miCroinstruCtion_ Th1s is nece~sarY because eUUUl L 15 a function "of 
the uutout' ~icro1nstruetion~ In contrast, B~lN-Li~ a functi6n of a 
Rea ami C r 0 ; n S t rue t ; 0 n • T !"I ere fOr e ,t n ere ; s no" 0 PO 0 r tun 1 t y ; n t t'\ e D A. T 0 
conte~t, to make use of idle time caused by the delay Of the adCressed 
dev~ce to rescond to the ~ssert~on of E~G~T L. -

Once tiRPLY L is receivec, indicating that the adoressed device has 
stored the Output data, t~e L~I-li sYst~m bus interface logic p~ocee~s 
i m rr e d ; ate 1 v ton e' gat e B D (] U T" L ~ T h ; s a e t ; 0 n ace e 1 e ,.. ate s t 1"1 e ' neg at l' 0 n 
of bkFLY L by the adoressed device, The micro1nst~uctions wh1~h-f~1~ 
low the OUTPUT ~1cr6instruction should not be Of the ~y~e whic~ check 
R~PLY ~ 6 r e05Y H. Otherwise the result~n~ ~~lT ,state-will c~us~ ~i~ 
crocroeessor idle t;~e. - " 

To su~~~r;zet the oel~y in tne execution of a ~;croprogra~ containing 
a DATO op~r~t~on may be ~;n;m;zed tf: 

1. ~he microinstruction ;~medatelY proceeding the write m;croin­
istruct10n does net c~use BUSY H or R~~~y H to be asserted. 

2, T~e wr;te m;cro;ns,truction ; s irrmedately fol 'oweo by an Out-
-
put n-,;cro;nstructio n, 

3. The aooressed device responds to tne as s·e r t ; on of bDOUT '- in 
m;n;!T;um - " t;me. 

u. The aOOressed oev;ce responds to the ~egat;on of BDOUT L- in 
"' li'in;n\urr time. 

::; • The rr,; e ,.. 0 ; 1"'1 5 t rue t ion ; f'l'\ rTi e d,; ate 1 y f 0 1 lOw; n 9 the Out put m ; c r 0 III - ' 

instruction does not check REPLY H Or ~USy H. 

5.5 THt DATA-I~PUT·OUT~UT (DATIO) UPtRATION 
~ -' .... 

5.5.1 D~TIU Minimum tXeeut10n Time - "'~.-

Figures ~.5·1 ard 5.5-2 illustrate t~e control signal action relevant 
, - , 

to a DATIO operati~n w~fc~ executes With m1ni~um PoSSible delay. The 
micr01nstructto~ secuc~ce presented i~ Read, lnout Word, MOa~fy t~a 

==S::UiJJi2 ill! : JZJ#L;. i. 'M h ii. ,AP!4Xlt $ ; .$ Ii 
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datu, OutPut Yoro, Next f~1cro;nstrLJction: 

R b,A 
I~ !;i,A 

Moo' fy tne aata 
Ow t), A 

Next Micro;nstruction 

A C D f.\ t:. 5 S i) E v ICE., ~ I G !.; A L () l,~'4 

l~~UT L~~ A~D rlIG~ bYT~. 

I'" 0 l) I ;: Y D A T A 
S I G~~AL, l)UU T, GUTf-lUT wORD 

The indiv1dUal eVe",ts ~h~ch occur in the OATIU OOerat,on are oiscUSSed 
q with the aid of r;gures S.5-1 anc 5.5-~, which conta,,,, the M;croevcle 

refere",ce nu~ters. 

c 

(' 

( 

o 
(. 

c 

c 

c 

c 
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Microcycle 1 keao 

T~e execut;on of tMe Reao m;cro1nstruction ;~ the first ~icrocy. 
~le causes no change in the control lines. T~e miCroinstruction 
~xecut~s to completion because RtPLY H ana BUSY H (not s~own) are 
unasserted at PH3. 

111crocycle 2 I",put ~ord (wait) 

The Control chiP determines that a Reao-M.ooify·wr;te operation ;S 
to be oerformeo by means of ihe argument conta1ned in the 8 re­
gister field Of the ln D ut word miC~o1n~trUctiont It stores thiS 
t~formation internally and will not co~clude t~e 0ATIO operation 
until an outout m;cro;nstruction ~s successfUllY ComoleteO, .. 

. ..... . .. 

decause the Head microinstruction executeO to como1etion during 
M~crocyele 1, ihe address infOrmation js placed on BOA~<15:00> ai 
the be o 1nn1ng' of P~l.hSYNtH is-asserted at PH2, caus~~~ 8SYNC-L 
to be asse~ted at the be~inning of p~4. bince tMe addressed aiv~ 
ice ca~ enly respond 'to bDlr'4 L (~ur;"g the input POrtion), whiCh 
has' not yet been asserted', the Input \'-Jor<'l m;crOinstru~t;on ~hec~ 
of R~FLY H at PH~ fa~'s ~na th~ ~ait state ;s in~tiatea. 

M1c r ccycle 3 Input ~ord ~wait~ 

because t~e ke3d m1cro;nstruct;on executea to completion ~ur1n9 

,.." ; c ,. 0 eye 1 e 3,' v. \) I N h -( 1'"1 0 t s how n ) ; 5 ass e r ted a t the beg; "n 1 n g' 0 f 
pH2. lhe assertion Of-BOIN L fol'o~s 1mmediat~ly, 11'"1 response 
to tDrN L' the' addressed device olaces Oata on bUAL <15:~e~ and 
returns eR~:LY L to_ trle' processor. Ho~;ever~ the I-iEt-JLY r/f is not 
cloc~eo u~til ~Hl anO kt~LY H ~e~a1rs passive w~ich ma~ntains the 
w a ; t s tat e • -- . - . 

Microcycle 4 Input Word (Input Low eyte) 

rhe asserted state of eRPLY sets t~e RtPLY F/F at t~e beginning 
6f PHI. Since HtPLY H becomes act1v~, the wait state is ter~i~ 
l'"Iated (luring' t~e PH3"REPLY ~1 Check and the data cl-l;p stores t"e 
10w byte in a oes,gn~teo reg~ster. . 

Microcycle ~ Input ~~ro (Input High Byte) 

un Ii. ,. $Ai $tJ qa £. @j thhi4PM4kil! $)1 ; ¥ #IiS:2i;;;: 



!"''' I( :!tiM, i tiitl-!+,",~U8h! "!!IllY' 

( 

( 

o 

<1 

(, 

( 

(~ 

( 

c 

, 
I ([ 

I (1 
I 
1 

M 1 C k 0 .... RUG ~ ~ jV: ~1 11\ L L S 1 - 1 1 S Y S T I:. M h U C\ 1 k A !\ SAC T 1 UI'J ~ PAt;E 5-23 
~ .' 

/' 

5 i '"' c e the ~ H ~ C h eel( 0 f R t. PLY H ; sag a i n r, as's ed, the D a t a c n 1 p 

9to~eS the hiq~ byte iM d oes1gnatec regi~ter (aeter~ined ~y com­
p 1 err. e n t ; n ~ t I-, c 1 0 \tv - 0 r rj e r bi t 0 f t 1"1 e A r·e 9' s t e r - f 1 e 1 ('j) • No con­
trol s;onals· are Chargee by either prOcessor' Or the addressed 
device. . 

TO assure the m;n;~um ~oss;ble oe1ay in the execution of the 
~n~ut tortion 6f t~e' DAT1·U operatibr, bRPLY L must' be rece~ved ai 
tne pr6ces~cr 1n time to set the RtPLY F/~ at t~e beginning of 
Mic~ocycle 4. utnerrlise the ~AIT' state ~i11 cont1~ue thr6u~hOut 
M;crocycle ~ ano the ne~t .o~oortun1ty to set the RtPLY FIr will 
not 0 c ~ u run t ; 1 the beg inn; n g 0 f I'd c r 0 ~ Y c' e r'Ij. 

Microcycle b 1'-i 0 d ; f y D a t a 

~ecaUse the Input ~ord microinstruction executea to completion 
during M1crccyc 1e ~, ~OIN H (not shewn) ana ~DI~ L are ~egated at 
the e~o 6f F~l. The negat~o~ of ~DI~ H alSo cancels REPLY H. 
The keaO-Mcdi f yeW r1te op~r~tion main~ains WSYNC ~ i~' the~ass~rted 
it ate. The adcressed dev~~e responos to the n~gatio" of -bDIN L 
by re~ov~n9 data 'fro~ bDAL<15:00> ~no negatingB~P~Y L. ', .. 

This exa~ple Of the DATIU operation allows one mic~ocycle for 
~oditication of th~ data retrieved by the Input ~ora m~crOin­
s t rue t '; 0 n • r", 0 r mal usa 9 e . w 0 u 1 d p I'" 0 b a b 1 Y r e Q u; rem an; p u 1 at; 0 n . 0 f 
the . ert,~e ddtS'wOrd ~h.;ch wOIJ10 nc~ess;t~te at least 2-m-1cro~y. 
Cle S • SinCe ~one Of t~e data manipulation ~icroinstr~ctionS 
6hec k the RtP~Y H or ~U~y H s~gnals, exeCution ~an Pl"'oceea with­
out delay, 

M1c r ocycle 7 

Since UFPLY L was neQated oy the aOdresseo device during M~Crocy· 
cle 6, t~e REPLY F/F ;s clOcked into tt"e reset 'state at thebe­
~tnnt"g of PH1~ which cancels ,B~SY h (not shown).txecut1on of 
the '0 u t put ~...; 0 ~ d m.'; c r 0 '; r s t rue t ; 0 n pro C e e d SUp tot h e - P H 3 c h e c k 0 f 
~l~LY H. HEPLY ~ nas been can~el1eo and the WAIT st~tj ~s initi­
~ted. 

u u t put ~ o· r d (W a it) 

~ecause t~e output wURD microinstructio~ executeo u~ to the fail. 
;1"\9 c;hecl( of REPLY ~ du~;ng ~~;crocycle 7, WDOUT H is asserted' at 
the beg;nn;l"Ig of, PH1, bVOUT L';5 asserteo at -the oeginning of 
PHj. . ~ . 

since th1s exa~ple contains the Output ~ord microinstruction, 
~~~H and bwTBT L are not asserted. In the case of an Output ~yte 

micrOinstruction, the assertion of b~TbT ~ would begin at PHl of 
~1; C roe Y c 1 e 8 and end - at P;'1 '1 0 f M; c rot y c I e q. A 1 s 0 ~ a sa' res IJ 1 t 
of the partial ex~cuti6n of the uutcut ~o~a ~icroinstr~ction, the 
uata chip 5;rou~t~neous~y places two bytes (a full word) of data 
01"\ tiIJAL<-15:~1\»f 
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In rcscorse to t~e assertio~ of hDUUT L, the ajaressed device ac· 
cects t~~ d~ta output by t~e crocessor, ana asserts B~PLY·L. 
~1 0 \OJ e \t e r, . the K t. PLY F IF; s 1"1 0 t C 1 0 C k e a u n t ; 1 p Hl ~ n d ~ t:. PLY ti 'r e ", a • 
fns ~ass've whic~ ma,nta1ns the ~Alt state, . . 

M;crccycle t..f 

The assertea state of HPPLY L sets the kt~LY f/F ~t the beginn1~g 
of ~~l. S;~ce PtPLY h oecomes act,ve, t~e ~a;t state ;s termi­
nateo at t~e P~3 ktPLY H check ana tne Output ~orO micro;nstruc­
t;or. executes to com~:let'o~. The set state of the RtPLY F/F also 
negates the iJUUT F/F ;nput and-it is cloCKee to the "reset state 
at the ~eg1nn1ng of p~j, which negates ~DOUT L ana also cancil~ 
~E:.j.JLY H, riOte tnat the Control chip aeterrr;nes tne state of 
k~PLV ~ at the beg1nn1~g of PH3, t~us recogniz'ng the ao~r~ssed 
device r~spense beto~e R~PLY H is carcel1eo via the reseiting of 
the UOUl F/F. 

M;crocycle it Next Microinstruction . ' 

The I"l ega t ; 0 1"\ 0 f t3 R to' L Y Lea IJ S est h e f<' t PLY I- 1Ft 0 be res eta t the 
begin n lng of pHl wnich ~egates Bus~ ~ (not s~own). 8ecause the 
Uutj:ut' Word m;crOir"lstruct;on"executed to ~omPlet;on aur~!"lg M;'cro" 
cycle 9, wSYNC H ;s made passive at the beg,nn;ng of PH2 and 
wDUUT H 1s made pa~stve at the beginn1Ag Of PH4.' The Data 'c~ip 
removes the" 6ut~ut' word from tiDAL<15:~H~> at ihe end of PH"; 
bSYNC L is clockeo to the passive state at the end of PH3, 

A~y ty~e ot microinstruction may be eXecYteo during M;crocycle 
!0, $,' '"'ce the kEPLY r-/F w~s reset at the beg; nni ng of PH!,' thus 
negating b~SY ~.-

In this e~a~ple of a DATIO Operation, bOth RtPLY H and ~USy H 
(net shewn) are cassive du~1ng ~ic~ocycle i~~ As ~ result; ~n~ 
tYpe of ~iCroihstruction may ce executed. However' if the nega­
tion of tR~LY L received by the processor ;s delayed past the be­
g ; n n , "" 9 c f P H 1 0 f M ; C roe y C 1 e 1 (,' , !j i.J S v r1 ",fO u , Q rem ai n act i v e, 't h u s 
aela~irg the start 6~ ~ny new 1/0 6per~tiOns. 
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• 5.5.2 C;AT Iu r- ;crc~)rO(lra~,rr;n9 S\jtr!T1ary 

c 

(1' 

r~e DAflG or~ratio~, as i~plemente~ by t~e ~eaa-l"put-~ooify-Outout 
~;cro;nstruct;o~ seqUence, allows for vd~iaole·delays in aOdressed 
dev1ce res~o~se to ~ot~ the assertion and n~q~t1on of' bUIN L ~nd also 
to' bot h the ass e r t 1 0 n a l"' one '~ at; 0 n 0 f b DOl) r L. The 0 p t ; m ; z ; 1"\ g C 0 /"I S ; • 
derat;ons relevant here' are a cO~b;nat;on' of t~ose d'scussea iM t~e 
DATi and DAle conte~ts. 

( TO summa~ize, t~e nelay in t~e execution of a ~~croorogra~ containing 
a DATIO operation ~ay oe min;m;zed if: 

~ .. 
2. 

~. 

c 

c' s. 
o 
c 6. 

-i 

l~e ~ieroinstruction i mm ea1ately preceding t~e Head ~icrQin. 

struct10n aoes not cause BUSY H Or R~~LY H to be asserted, 

The adoresseo device respo~os to the ~ssert;oM of tjDIN l. i ,., 
- . , 
rn;n;rr:um ti~e. 

The aooreSSet1 aev;ce reSQonos tc the negation of r3DINL ; n 
rr.;iI;~urr: time, 

The adOresseO d~v;ce responds to tne assertion of 8DOUT La ;n 
m;i\irv-um t;rr;e. 

T"e edoressed oevice responds to tl"le Megat;on of SI)OlJT l- in 
rrlir.;mum time. 

"T ne m;cro;rlstruct;on im!'TIediately following the Output m;cro-
;",struct1on does not check R~PL'( H or BUSY H. 

C: As an alternative to cona;t;on 2 above, unavO;d~ble delays ~ay be 
uti~ized ty i~serting' aata ma"ipulation micro1nstruct1e~s. 

( 

c 

( 

( 

( 

: ( 

• 
c 

(' 

5.6 THE INTER~UPT UPERATION 

FigUres 5.6-1 and 5.6-2 illustrate the control signal action relevant 
to ?n interru~t operation' . The ~icr01~struction seQuence presented is 
Reao Ac~no~ledQe, I~put ~Ord, Next MicroinstruCtion, 

RA ti,A 's I G f\4 A L D 1 N,l A C K 
lw o,A IN~ur VECTOR LOW ANU HIGH bYTE 
Next M1croinstructi6n 

The inoivtaual eve~ts ~htch OCCur in the ~nterr~pt transaction are 
d;scussed w;t~ the a;o of ~;~ures ?6·1 ?nd 5.6-2 wh;ch ~ont~;n tMe 
Microcvcle reference numbers, 

M1crocycle 1 Read Aclcnowledge 

The execut10n of t~e Read Acknow1eage m1croinstructio~ 

f 1 r s t m ; c 'r 0 eYe 1 e c a u s 'e s 1"1 0 eh a n 9 e i nth e con t r 0 ,- 1; n e 5 • 
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c~oi~str~ction executes to co~oletion tecause Rt~LY H a"d tiUSY H 
are unass~rtco curing ph]. 

M1C r ocycle 2 

~ecause the keao Ac~ncwleoge microinstruction e~ecuted to co~ple. 
ti~n ouring MicrccYcle 1, the contents Of t~e a~siqnated r~g~s­
ters are placeo on hDAL<15:0~> at the beg1nning of PH1. Sinie' no 
address i~fo~~ation is reQuirea 1n t~e LSI-l1 syste~ bus" inter­
ruot transact;on, any req;ster(s) may be oes;gnated. NSY~C Hand 
~lACK h are asse~ted at the 6eg;nn~ng ot PH2. The asse~ti6n'of 
WlACK H hO~ds ~he ~y~c F/F in the reset stat~ thus clocking the 
asse~t~on of HSY~C L, ~s would otherwise'occur at the beqinning 
6 f r: H 4 ~ b ~ Y tlj C L'; s , n 1"'1 i " ; teo b e c a use ; t 1 s nOt r e q u; reo i" n t '"' e 
LSI-i1 sYstem bUS interrupt transact1on, " 

The interrupting device only returns BRPLV L in reSPonSe to BlACK 
HI ~h;ch has not yet been asserted. Therefore, the ~a;t state is 
init;ateo at the beginning of PH3. 

M1erocycle .3 
, ". 

6ecause the Read Ack~o~ledge microinstruction executed to ~omple~ 
t ; 0 n Cur ; n 9 M; c roe Y c 1 e 1, W DIN Ii ; S ass e r ted a t the beg; n n ; n g' 0 f 
Pl-t2. f he asse'rt; 01'" of 'SOlr..:L' follows; mrre a ; atel y and; s . used to 
statl;~e ihe ~riorities"in the 11"'terr~pt'ng dev1ce. §inc~ ~EPL~ 
~ rema~"'s un~s~e~tea, the ~~it state is m~inta1n~d. 

Microcycle 4 InPut ~ora (~ait) 

With the assertion of ~DrN H during Microcycle 3, the I~T ACK F/F 
is no lonper locked in the reset state t~erefore th~ INT AC~ f/f 
; s c 1 0 C Ie e o. tOt h e set stu t e" 0 nth e t r a 1 1 ; n 9 e d 9 e 0 f !oJ h 1 t /'I us· as'" 
sert,n; ~lAC~ H. In ~esPonse to the assertion of BlACK H, the 
i"terrupting-device places its oevice vector on 8DAL<15i0~> and 
aSse~ts 8kPLY L. HOwever, the RtPLY" ~/f is not 610ckeo until 
~Hl. KEplv H ~e~ai"s passive w~ich ~aint~ins th~ wa~t s~~te. . 

InPut ~ord (Input Low ~yte) 

l~e asserted state of ~pPLY L sets the Rt~LY F/F at t~e beg;~n1Mg 
of PHI, Since RtPLY b becomes active, the ~ait state is te~~1-
r"\ ate 0 at t/"o e P r(3 k t PLY H C M e c I<. a !"I d the 0 t1 t a chi" 5 to roe s the low 
byte 0+ t~e de~ice" vector in the oesigna~e~ re~ister p~ir. 

To ass~re m1ni~u~ Possible ~elay in the execution of the inter­
~upt o~eratien 11 iust~ated here, BRPLY L must be asserted at the 
processor ~n" time to set the RtPLY f/F at ~he begi~~i!"lg of Micro. 
c y C 1 e ~ • " U t 1"1 e r w ; set hew a ; t - s tat e . \<It ; , 1 c c n tin u e t h r 0 ugh 0 'it Mi. 
~ ~ 0 c Y C 1 e 5 and the" 1", e x.t 0 p t) 0 I" tun ; t y t 0 5 e t the R ~ P ~ Y F I F w; \'~:, not 
occur u ~ til the 0 e 9 ; n n: i ." g of M; c roc y c 1 e b. \~'" 

M1erocycle 0 Input Word (Input High Byte) 

_Z&2J2£Jt2ii.:::u i':i iii MM.MPtP . Z41¥4 ; i¥ 4& ; aW4:UU&U;U.4 : ;uattU is Xi 1.·.:$.1.4" 
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Since the ~~3 e~eek of RtPLY H is again Pas~ed, the Uata chip 
S tor est" e h; \:) h by teo f the a e v 1 c e v E1 c tor" 1 '1"'1 a des i g nat eo' reg; s­
ter (oetpr~inea cy CO~plementing the '6~-Order b1t of ine A ~e­
gist~~ .1€lo).' NO control si,gnals are chdngea by either the pro­
cessOr or the interrupting cev1ce. 

M1crocycle 7 

~eeaUse the Input ~ord microinstruction ~~ecutea to complet;o~ 

d u r ; n g t: ; c roe y c:l e b, bot h ~,s Y N C Han Cl w () l N H are m a a e 0 ass; ve' at 
the end 0 f P H 1 • S , nee i'I U I ~ R m U 5 t b e ass e r t ,e d . toe nab 1 e - R E. P L. Y H 
dur;ng an interrupt operation, REPL.,Y H-also~goes passive. -BOIN C 
gOes passive 1~~ediately; which infOrms t~e I inter~uoting oevic~ 
to remove its vector from BDAL<15:00>. The vector i~ re~o~ed 
~bout t~e sa~e time ~RPLY L goes p~ssive ~t the ~roc~ssor. 

If the ~ext Microinstruction belongs either to the Read or Write 
grouP, the state of dUST H (not shown~ is checked ana a new WAIT 
st~te w;ll be ;n;t;ateo WhiCh delays the' Op-g;nn;ng "Of the next 
r/u operation, " A~Y otner microinstruction w;11 execute ;mmed;-
~telY. 

Mierocycle 8 Next Microtnstruction 

Since ~RPLY L was negated bY the interrupting oevice auring Mi­
crocycle 7, the ktPLY F/F is clocked to' the res~t state at the 
beginni~g of PHl, ~h~C~ cancelS BU5YH (not ShoW~). A wAIT state 
wh1c,h "'ay have bee!" ;n;t,atea during Microcycle 7 will be-term;~ 
nat e d ~ t ' the P H :3 c h e C k. 0 f 8 u ~ Y H. . " ' . 

To assure ~inimu~ possible delay in the execution of tMe inter­
rupt operet i o~ '; 11 us"t rated 'here, BRPLY ~ must 90 pass; ve at t~e 
processcr ~n time to res~t the RtPLY F/F at the begi~ning of Mi~ 
crccycle a. 'otherwi~e the ne~t opport~nity 'to reset ~he REPLY 
~/~ w; 11 nOt OCCur unt; 1 the begi!"lning of M;crocycle 9; arid a 
cossihle wait state initiated curing MiCrocycle 7 w~l' co~tinui 
at least ;nt o t-1 ic r oC ycle' q, ' . . 
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MIC~OPROGHAM~lNG LSI-1i S~STE~ bUS lRAN~ACT!ON~ 

5. ~. 1 l~terruPt Vcerat1cn Mi~roprogram~ing Su~marY 

T~e 1nterrupt oceration, ~s 1mpleme~ted by t~e ~eaa AC~"O~Jedge-l"put 

m;cro;~st"'uct;,cr"l se'l u enCC, allo~S for var;oble (jelays in' aodressed 
dev~ce response to bot" the assertion ~~O ~egation ot dlACK H, BUI~ 

L also takes part in t~e ;nterruot ooeratio~. T~e t,~;"g relation­
shibs bet~ee~ blACK hand BDIN L is establisheC by t~e LSI-l1 system 
bus- i~terfece logic. The return of B~PLY Land tne dev1ce vector is 
under contr61 of eIACK h, not bOIN L, as ~s nor~all~ the' case. 
Because ~UIN ~ ~ust te asserted before t~e INT ACK ~/~ can be set~· t~e 
Write Acknowledge micro~nstruct10n aoes not" assert 6I~CK-h. ' 

TO summarize, the delay in the execution of a ~icroprogram containing 
an 1nte"'rupt operation ~ay oe m;n;m;zeq if: 

1 • The m;croinstruetion ;mmediately preceding the Read Acknowl· 
edge ~;cro;nstruct;on does not cause HEPLY H or BUSY H to be 
asserted. 

Ihe ;rterrupting device responas to t"'e assertion of BLACK H 

; n rr.;n;murr. t1 me. 

The 'nterru~·t;ng aev;ce reSponds to the negation of BlACK H 
; n min1!l'um t,1 me, 

4. The m;Cropr09ram im~ediately fol1ow;~g the Input micro;n­
~truct~on do~s-not cMec~ 8~SY ~ or RE~LY H. 

As an al~ernative to 2 above, unavo1dable delaYs may be utilized by 
insert;ng ~ata ~an;pulat;on ~;cro;nstruct;ons - However, due to the 

" " . 
l~rgelY Unpreoictable n?tur e of tne ;nterru~t OPeration, ;t is not eX-
pecteO that the freedom to perform Cats manipulation between execution 
Of the Read lU:k:r.Ol.4 1edge ;:)I''1d Incut-rniCroinstruct10ns would' be of any 
general use." -



CriAPTEH 6 

The KuVllpAA LSl~ll writeable Control Store is contained on a single 
8~5xlV inCh o~inte~ Ci~cu1t boare, The tiCS module (M8018) contains 
tMe cirCuitrY to suppOrt user mic~oprogra~m~ng ~ith the L~I~l~ ~p~. 

Under ~Ormal circu~stances the user need not te concerned with the . . . 

hard~~re details of ~CS mOdule structure and operation. TM~ m1Cpro-
g r a r~ t r ~ c c' f a c ; '1 ; tv; ~ f'n /3 c e a va i 1 ~ b 1 e' as? S 6 f twa ret 0'0 1 un d e r M 0 ~ T , 

lhe wcs ~odwle 1rterfaces to the LSI"ll machine et tAO pOintSJ the 
LGI~l! system bus ~nd the micrOinstruction bus_ lhis con+igur~tion ii 
1 ilustrated in ~tgure bwl_ 
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6.2 The ~r1tea~le Control Store Memory 

The ~emorv co~ponent of the ~riteable Cortrol ~tore mOdule consists of 
1 ~) 2 i4 2 4 '" 0 ; t rr. e fT1 ('J f" Y ~.~ 0 r (1 S • T his m e rn 0 r y ; s ; n p 1 e men ted b y h ; 9 h 5 pee d 
static se~icond~ctOr memOrY devices~ S1~ce the memory is static, no 
,. e f res /'l 1 r'1 9 i s r ~ (1 U ; r e \] , but the the G € I'~ ; con d u Co tor m e m 0 r y ; s Vol at; 1 e , 
so the control store must be reloadeo after each powe~ Up, 

6~2.1 Control ~tore Microword Organization 

All 2~ bits of the microword clre stored identically. The microword 
org~n~z~t1cn is deter~ined hy"the funCtioning Of individu~l bit fields 
and by the ~CC0sS timing relative to the micro~achine cycle (mic~o6y. 
c 1 e J " D. S S ~ 0 '\ ... '1 ; Ii r; ~~ l..J r e (,), 2. , the 24 b; t \,4 C S Ii. 1 c row 0 f" d ; S com p (") sed' 0 f 
the's tan dar (j 2. 2 "" b ; t- m i c r 0 i I"l S t rue t ; 0 i!, 11 1 <: C 1 : ~ > , ' a il <j 2 add it; 0 n alb 1 t s , 
Mlc23:22>; ~hiCh fUnction' as extended TTL cbnt r ol bits~' -, 

6~2~1.1 ?t3 n¢ard ,22 s bit ,Microword ~1<21:0) • Ihe~CS memory provides 
storage for the standard 22~bit m1cr6~crds, 'This microword is com~ 
o 0 S €~ d 0 f i.j f U r"l C t ; 0 rl ali Y d; s tin (; tan eji n d e r::: end e i1 t fie 1 d s ~ as; 1 1 u s t rat. 
Cd in Figure 612~ T~e' three lo~er fielos, Ml<i7>, Ml<lb>,' Ml<15i0> 
are d~livered to the microo~oces50r for exec~'t)on during themfc~o­
fetch oueratio'n. The ~~cer field, MI<21:18> is also accessed dUr~Mg a 
miC~otetch, but is d~11~ered directlY to the processo~ ~odule" jhes~ 
4 o'ts :-3F"e ':,J8cooed by the S(;6cial- control functiQn LOgiC Cl/"'l the L~I-l! 
Cpu' anQ ~rovide TTL Comcatible 6ontrol s1gnal~ which are SYnchronized 
w ; t h t ¥"l e \i e r tic (11m 1 c r 0 ; n s t rue ti 0 n " . ' .' , 

, . 

Re9drO in g the 5tanda~d22~bft m1croword, the wr1teable control 
iii e r:~ 0 r Y i:~ f \) r~ C t ; C'rH,'] 1 Y ,i 0. € n t i ~ a ,I tOt rl e 1'1; 1 C ~ 0 M § ~ 

store 





~ 

~:~. 
II ....... 

b~2,J82 txterd TTL Control bits MI<23:22> ~ The wC~ memory provides 
stor'i]qfJ for th'o oocii t; on';:; 1 c~ntrol b;ts, called the r.xtencjed TTL con­
t r~) I b 1 t SIt h ;J tar e not . f c !) r, fj i ("\ a n L S .L ,.. 11M I C f~ ij 1'1 • l3 0 t h b; t s , 
Ml<~3:22~, A~pear At the WCS mOdule fin£e~s tor us~r access via back~ 
plane COf"\1"'!0Ctl on .. The hinhCst bit, H1<23>, is used Oy the m;Croad­
dress trac~ circuitry on the riCS mocule, These extended TTL cont~ol 
bits ~rovide th~ user with adaitional control which is synch~oni2ed 
witn the ~iCromuch;ne operdtio~s. 

6.2.2 ~r1teatle control btore Page 'Organization . . 

The 1024 ~riteatle Control store micro~ords are organ1zed as two 512 
micro~ord pages- The page organization prOvides ~l~xibility in con­
tr'ol tJ(j(j"'~SS;l'iq a~l ~H~ll ~)S a control store d;a(:~nostic 'capabi 1 ity. lhe 
p ~ q ~ 0 r 'J ani 2 at; 0 n ; si 1 I lJ S t r ~ 't e (1 ; n· fig u reb • :3 • .. 

\ 
\_-------~ 
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- , 

b~2.2.1 control Sto~e Microaadressing Mooes • The wC~ module contains 
8 DIP s~itChes which deter~ine the relat~onshiP of ~he ~C~ memory'to 
the'L~:,1""'11 iTliCr"orrf.~chlrje cOr'ltrol store micr()ad~jress space. -There are 
four ~0dress modes which are of gener~l u~e ~nd the"switCh positions 
for each ~ode are i l1ustrdted below: -

$i'll 5\-';2 Sh3 S ~~i £+ S,'J5 S ~~ 0 S ~t.i l S~U3 

~10Dt"_ O\J OrF Cr-F (IN Off ON Off- '* .-
MU[)t. :; . ~ OfF C !,j (iFF ON OFf OF F' ON .. 
I1UCt.:. S CFF [to F ON ON (,)FF ON OF/" ... 
~i t) I) t 4 ON CFF OfF OFF ON ON Of~' "" 

lhe adclreSs rnt1cies are e xC'" ail"led as fol 1 0\>; $: 

MUOt. 

HUDt. 2 

t-HJDt . ..s 

The ~LS memory responds to microaadresses 2000~~7'77 (octa~). 

This is the normal mOde becaus~ MICkUMS 0 and 1 contain the 
LSl~11 emulation ~nd consol~ UDT ~ic~ocbde "and' ~e$p6nd t~ 
m~cro~ddres~es 0000~~777 ~oct~lj.· , 

This is the Pag1ng mOde in WhicM both 512 m~croword ~age$ 

respord to control store add~es6es 1n the ~00~~3777 (octal)' 
ra"OB. ThO paqe from which the control sto~e microword - i~ 
u 1t{mBtely accessec is deter~ined by t~e wcSpage log1C, 
Thi~ logic is' initialized by asserting the resei 6it in ~Me 
control/status register, CSR~15>q unce reset, all microad~ 
dresses point to ~C~ paqe 0. The web pages arc 9WdPr~d when 
the the c' ,3 (] e co r"1 t r 0 1 'F If; 5 t 0 9 ~11 ed' by P lac; n 9 a. l17 (\~ eta 1 ) 
c () 0 C ; n :'1.1 ,t~ 2 1 ; 1 b ;) • T h (~ P 1;1 ~J e s are s w apr' e (,j i in m e d 1 a t € 1 y - aft e r 
t ne ~icroin5truCtio~ cO~ta4ni~g MI<21:18>-: E7 is acC~SSed 
in (ontrol store and subseu6uent control store' m1tro~ordS 
are be~cceS5~d' fro~ PAGE 1~ A seCO"d occurance of 07 
MI<21:1d> t6gqles t~e page control F/F b~ck, and microwords 
a 'r e a ~:! a i n. f etc i') e Cj fro rn f} A ~ E ~" '. 

The ~CS memory r~sponjs to ~icroaddresses 2~0~~3777 (octal), 
. - . 

This is similar to MUDE 1 except that ~CS me~orY pages are 
cermanently s~abpeo. MuDE 3, therefo~e, prOVioes tM~ d1~g~ 
nost1c capabt lity of ex~cut1ng a given microprogram out-of 
d,tferer,t'phYs,cal !~ernorY loc~t;ons. ' . 

The ~~s memory responds to microaddresses 000~~1777 (octa)), 
This mOde wOu1o not nOrmally be used because MT~RUM~ 0 and 1 
respond to this s~me re~~on. . -

In all Of the mOdeS oesc~1bed abOve, the ~CS memory is lOaded from the 
LSI~11 System bus viawcs RAM addresses 0~00,1777 (octa)): F1gure ~.~ 
illustrates 'tne ~elatio~sMiP Detwee~ the riCS kAM addreSSeS and the 
respc n d1"9 microaddr~sses for each of the fou~ ~ode59Note that page 
o is ~lways ~cces~ed via the sYstem bus in the ~CS RAM address ra~ge 
00~ji;)·al:171" (oct01J qtid similar'ly th.::lt P~~ge 1 15 alway~) accessed i,,'the 
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~~s ~AM address ~ange 100~~1777 (octal) 

o 
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M(lDt2 

lliCS RAH 
<:~j ~j t' ~,j Q ~i 177 > 

1'-: 1 f:3 < 2 0 d Vi ... 2 7 7 7 > 

1,\ 1 d " :3 u t~ (j '" .~ "1 'I 7 > 
(li'd T lAL i"f\GE) 

f'l 1 L5 < 2 :,) ;j U .,.. 2 7 ., 7 > 

tlLS RAM 
< '1 0 ~: e, ~ 1 7 7'7 > 
.. ...,""'''''' .... ", ...... ''''''''' ......... 

r~ll. t3 <: 3 0 1(;' '21 ... 3 7 7 7 > 
(!UGGLc.D PAG~) 

~llb<3f£JkH~i..,,:; 177> 

~ MICROINSTRUCTIUN AODRtS~ 
- -



The mC~OrY contained on the ~CS Module mAY be ~ccessed in two ways: 
(1) by the ~ic~orocessor cAiD set via the ~icrcinstruction bus and 
(2) by the lSI-I! or0ceSSOr via the L~I~11 system ows (using nor~al 
PDP-l1 instructions)* 

nicr(~;l'istruct;~:;.n Bws ~\ccess 

Figwres b.S~l a~d 6.~·2 i Jlustrate the LSl~11 m1crO~ach1ne configura­
tion ~hich contains both ~rit~able Co~trol store an6 ~ICkO~S for mi. 
CrO~rOQram storage. fne first hald of the 1 l1ust~a~io~, Figure 6,5~1, 
appeoren earll ier in Chaoter S as figure 3.3 (MicromachiAe Inter~Ch1p 
'fi i r 1 l"'\ (j I) c t .., i 1 ) • - r h e 53 ~~ I:; 0 n rj . h i) 1 f C fO' t Ii e ; 1 1 lj S t rat ion ; F i q IJ reo " 5 ... 2 , 
sho0 s - -the ~nterconnections to the wCS maoule. In addfti6~ to bus in­
tercon0ecti6~s at bOth the machine and ~icromaChine' level, the ~CS mo~ 
dule also requires conne~t~ons to 2 of th~ processor mooule 610CK 
phaseSt PH2 h a~d PH4 H~ The wiring f6~ t~ese twO co~neCtio"s is con-
t~ineo within the- microinstruciton ~us interconnect c~bJe~ . 

A wrtte3ble Control store me~ory acceSS by the mtero1nstruct1on buS is 
Read only~ There are no microi~5tructtcns which alter cohtrol st~re 
memorY via the ~tcroinstruction bus~ 
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THE L~I-tl ~RlrtABLt cONTkOl STUH~ 

The function of each of t~e 2a signal paths in the ~icroinstruction 
bus interConnect caole is listed" in figure b.6. M1B~10:~0> ca~ries 
the mi C r {) a () J res S 1 t-i il D K < 1'~) : r.:: kj )0 , tot h e ~~ t S d uri n 9 t M e con t ,.. 0 1 s t () rea d ftI 
dressin~ phase of the m1crocYC 1e. The WC5 ~nen res~onds,' curing ihe 
cOMtr61 store access phas~, by asserting the m1croinstruction w6rd on 
M10<21:0>. Nct~ t~~t tMe MIB<10:J> lineS are-timeftmult1Plexed fOr ad­
dress-ann oata info~mat,on, ~or a 2 cycle microinstruction, dUr~ng 
the first 'm1CroCYC1~' a Control store d~sab,e fUnction (eSC) is p~r~ 
fOrmed ~ith Ml~<16>, It MIB<16> is asserte6 bY the contr61 c~ip d~r· 
; 1'1 (_~ . P rl 3 , .~ C -~j res P a I'i s e (; u r ; n q t h (~ n ext ~; C roc y C 1 e ; 5 Q; S a b led • The h 1 -
gh~st 2 bits of the WCS m1c~o~ord, the txte~dea TtL con~~ol bits,· do 
not acoea~ i~ f1gure b.6 since they are not used by the LSI·11 CPU mo· 
dule d~d consea~ently are not carried by the MIS ~ntercon~e~t~on 
cable. 
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r11t'3<bl> 
i'11 B <.32: > 
M 1 b<i:\ 5> 
~11d<v;4 

HId < ~'i r.) > 
Mld<!lQ> 
11,1 I B < ~:I I > 
~'116 <: ~H~ 
~~ 1 t1 < (1 q:> 
MI8<lU> 
~'Ub<11> 

r'l1B<12> 
1,11 H <: 1 ,,3,> 
1110(14)' 
f'ilt~(l~> 

i'11B<lr» 
~,q;j< 11> 
i"118 <: 1 .5 > 
~-11d<19> 

Mlb<2v» 
"1'1 B < 21 > 
fJH2 H' 

P r'j i~ H 

i'~ ,.a D r~ « 1 > 
f>: ,~ D R < l:J 2 '> 

hI. DR <\113> 
t'1 ~, D R < ~J~ 
"-,;!iDf?<,~.1S> 

,'.~ ;'.\ n f-~ <: Vi 6 > 
"",c..U:~<;;iJl> 

i'l,t.DR<~:8 

t<ADR<:,J9> 
f"i A t) R < 1 it:> > 

C$D <16> 

'!'ti' , !,JJ!**rl"wJf+HlIriM'N"rpPJtt' lit' i"dlWM,w"'9WFIIQ" 

FIGURE. 6,,6 

A~C.t:SS CYCLf: 
..... l)ri) ............ __ • 

r'lL<~)l> 

~i i < k12 > 
r'1.l<iiJ3> 

t"'1<04> 
,'-11 <: V.) 5 > 
~1~<~)6> 

nl<~;!7> 

t-1 1 < 0 (3 > 
ti 1 « 0 9 > 
i'-110( 1 n:> 
r~ 1 <: 1 1 > 
r'\.I. < 1 2 > 
Ml<13> 
Ml<14> 
M'!<15> 
r-l\'.l (16) 
toll.( 11 > 
trl1 <: 18> 
M 1 ('19 > 
~1'1<20> 

, ~~ '1 < 21 > 
wCs tIM!,NG weB TIMING 

b~S.1.1 Control Store Access T1mi"9 ~ The control store access timing 
relevant to thp wCS mo6ule i~ the same as the MICRUM a~c~ss ti~i~g~ 
1 h ; s tin·,; j'~ 9 e r) 0 ear ;:) (J ear 1 i e I'" a sri 9 lJ r e '~1l 1 7 ( r" 1 C f~ 0 M .. Ace t 5 S M 1 C H 0 L N" 
STRUCTIUh dUS CYCLE) !3r''H';{ is reoeated ht::re as't-19ure 0.7.- ,As noted'i" 
t~ef1gu~c, the ~CS'mO~ule aoes'~6t perfOrm-or~6ha~ging'of a"y miCrO­
i"str~ction bus lines. This function is provid~d-by every AICRUM' con­
Mected to the miCrOinstruction bus~ It i~ impOrtant alsO to ~Ote that 
act i v e rr t" c 0 ~ t r 0 1 b; t s , ;"1 1 <: 2 1 ; 1 d > , I" e m a ; n 5' asS e r ted (~C t i vel 0 W ) f r " m 
the' t)eqin nin9 Of Ft"]l thrOugh the end of PH3 \.,h e rei3S the' I t)wer bits of 
the co~trol store, Ml<11:00> remain asserted during P~l onlY~ , 

During the first microcyc1e Of a twO microcycle operation, MIB<16> is 
ass~rted by the control chi~ to disable the control storer~sponse 
dUr 1n g the tol10w1n~ miCrOCYC1~. The relevant 'timing appeared ea~lie~ 
as' F' 9 u r e 3. 1 o( t.;·, ; C I" 0111 Ace G S S ;1\ 1 c r 0 ; n ~-; t rue t ; 0 i'1 i:3 u s t.,; y c 1 (; (D 1 5 a b 1 e d) ) 
and is i~eper?te(J t'tere- ~)SF.igl;re 6,,8 11 A9~;f"I, the wC~ ,omodljle performs 
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THE L~I.l1 ~RITtAKLt ~ONTHOL STURt 

exactly as 00 the MICRUM3, 
I:) r e C h d r q e . t n e I" 1 B • 

with the excePtiOn t~at only the MICROMS 
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THl LSI~tl WR1TtAbLE CONTHOL STORE 

CONTKOL STORt AC~E~S MIC~OI~5TRUCTIUN BU8 ~YCLt 
~- ~ ..... .~, -

fiGURt 6.7 

Note: r~e Mlb crecharge tw n ct10n is only provided by MICRO M control 
store. 
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6.3.1.2 txte~dpa T1L Control Bit Timing ~ The ti~ing diagrams il1us M 

tratea in Fi~~re &-7 and b 8 also show the timinq relevant"to t~~ ex. 
"" "9 \J -

ten (1 e ('J TTL c 0 r"l t r 0 1 ~J; t S ~'11 < c. .s : 22) , The,.. ear e t ~,) 0 0 per at; 0 n ale h a rae ... 
ter1st1cs WhlCh differentiate extended fro~ standard contr61 b~t'tim­
i n 9 ': 

1. Both extenaeJ lTL control bits are latched for an entire mi­
cro~ycle, from the beg1nni~g of PHl to the end of PH4. 
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~ince the extended TTL control bits are not Output to the mi­
c r (') i Ii S t I"!J C t i 0" b lJ S , t h f~ Y are" 0 tat fee ted bye 0 n t r 0 1 s tor e 
disab11ng w Conseauently, tn~y appea~ at- the sYstem backplane 
(j u r ; I"l q the fl"' ; c r (') eye 1 e ; ril m e (] ; a t t: 1 y f () 1 1 0 -tI'I i r" 9 the t ran s m ; t ted 
microaodress whether or not th~ ~C~ mOdule WdS enabl~di 

- . 

The ConseqUe~ce of (1~ above, is that an output signal can be croduced 
that is ~ai~taiMC~ for mUltiPle ~icroCYCleS, for exa~ple, this would 
be achieved- by ~ssemtling a 1 into successivelY-' exec~ting Mr<23> or 
M!<~2> lOcations. The conseqUence of (2) abOve is th~t the extended 
r-IL cOl"ltrol-t:;; ts rlay be ~,ssel ... te(j one m;crocyc1e, oefore a micro,,., .. 
struct;on tr,at has r-';I<d3> or" r{11<,~2> s~t to a "lit, Th;S occurs- when ~ 
2 cycle microinst~uction 'm~ediatoly precedes (in wCS RAM) ~he m'cro" 
; n. s t rue t ; C r"I t hat has rl l < 2 3 > . 0 r ,\-1 I < 2 c: ,. set t 0 a 11 1" (~'i h e the r 0 r not 
that ~iCroinstructiQn is ~x~cuted) since during the ~e6ond (or dis· 
£) b 1 e d) eye :' e the ~ C Sst; _I- 1 u ~ C e SSe s the r'I ext S e ~ tJ e!"l t " a _1 m i c r 0 ; n 5 t rue til 
ticri. 

The Writeable Control Store RAM memory access by the LSI-It system bUS 

is kea0/~rite~ The ~C~ mOdule System hus 1nter f acielbg1c supccrts­
only pr6qr~~med I/O data ~rans1eri via the sys~em bUS- interface r~gis. 
ters~ The Configur~tionand 'opera~ion of these interface ~egist~rs 
arfJ o-iscussed in s('o!ction b,51t - -

JHt MICRUADDRE~S TkACE ~AC1LITY 
- -

The writeable control store QPtion has a 16·wOrd mieroaddress trace 
'fac111ty \.Jhic h is an aid to micrQProgra m deevgging, T~e trace 

i s r1 t) r·;~ all y 6ont~olled by the 6per~tor under MUD!-

Microaddress TracA 8uffe~ Uperati~n 
- -

The hard~are portion of the microaddre3s trace feci lity co~sists of a 
16~wOrO recircul~t1Ag buffer which is cbnt in uo uS 1y loaded with the 

. , 

l~st ~icro0odress asserte~ OM the micrOinstruction bUS by the micro· 
orocessor control chip. TMe butfer therefore contains the last 16 mi· 
C r (:) '~ d ~j res s e s r. res e '" ted to' t n E: Cor: t r 0 1 s tor e (e '_' the r - t 1"1 e ~i C S 0 r 1" i c t~ 0 M 
including the 1isabled cycle of a 2 cycle mic~oinstruct1bn), wh~n it 
is 6esire~ to freeze a miC~oaddre~s trace f~r examination, the cocra­
tort via ~00T, sets-Mi<~3> (one of the exte~Oed lTL bits) of the m1~ 
croword that is to be the LASt microinstruction in t~ace buffer, When 
this microinstruction is fetched by the microproces~o~ Control chip, 
the ~CS ~~rQware inhibits the micrcaddress ~race buffer ~locK. Once 
the 610c k is ir~ibit~d, the ~rac~ buffer c6 n tents ~ema1~ uncha~ged~ 
The oper~tor m~Y then access the 6uffer to ~ead the traced micro~d~ 



jresses in the ord~r of the actual execution. (See section 6.5,3), 

T~e trace buffer is implemented with three lbxa.bit random access mem­
Orics adoressed by a 4-hit cOunter, The CCu~ter ,s-nor~a~ly cloc~ed 
co~tinuo~SlY, thus pr~v'o1~q d recircul~tin~, 1ncredS,~g address se­
Quence (module IGj to the' butfer M~mories. ~nen' tne microprogram 
trace Mas been halted, each of the storea microadaresses can tie ac­
cessed (See Section 6,5,·3~1). 

tl) The for i'" cl t 0 f c1 t rae € b u f fer w c r d ; S G h 0 "" n ; r. fig iJ ,.. e '?, 9 , 

I~ addition to proViding a readout of the last 16 mtcrOaddreSSeS on 
th~ MId, tne trace' buffe~ also indicates w~et~er t~e wCS' responded to 
the r;'l i c 'r c d de res S • . The b l.I t f t; r S tor e s i3 I"': ext rae i t (b i t < 1 1 > ), "t he' w C S 
Enable bit, along with each microaddress, lhis bit 1S cleared to 0 
~Men the wCS was aisabled during the micrctetc~ and set to i wMen the 
~CS was e~ablent This is useful indeter~iniMg ~1croprogra~ e~~cut1ori 

del~y~ 'ncurreo d0ring cats access (syste~ bus' 1./0) o~erations. . 
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The wCS interface to the LS1~11 bus is similar to that of other I/U 
de v , c e s ~\I h ; C h S tJ P 00 r t 0 r'l 1 y Pro·J ram fi", e~) 1/ U t r a ('\ sac t 1 0 n soT he de v '1' c e 
adaress fOr~dt is a mOdification of the general- +orrat presentee ear­
lier in section' 2.2~3.1. 'The primary feature~ of t~e wcs inteface ~e. 
gisters are th~t there is a s~ngle control/status regi~ter an~ that 
t~o other registers are' reouirea to prOvide the 2~-bit access'path tOr 
the WlS ~icro~ord. In addition, one register 15 mUlt1cle~ed tb pro. 
v ; d e -~) c c e sst 0 t h €' If, ; c r 0 a Ij (! r e 5 s t rae e 't u f fer • All \~ C S ; r; t c '" f ace r e "" 
gister fo~mats are illustrated in Fig~re b.10. The register addresses 
on the L~l·il sYste~ bus are 177540~ 177542 anQ 177~44.' 
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~cs control/Status Register 
~- .. ~ . 

The specific functions of the wCS control/status register are expla­
inea accoro1rg to the related b~tofielcs. 

CSR <Y;i> Read/~rite 

";hen (SR<ll:> ;s a "~;1" (>>.JCS fl'odule is not enabled) this field is 
t Mel l "" b 1 t I'; C S ~ .h I'i a (j (1 res s cl !"! 0 ; s R e ? d / it] r , t e (C ~ ~ ~ 0 > . i s the 

lo~·orOer bit dnd ~S~<9> is the high-order bit). 

r'ihen C~R<12> is a "1" (f~CS module ;s enao1ed), this field is,Read 
only and co~ta~ns ~h~ iast microaocress prior to the act~al ~us 
cycle of the PDP~ll instruction that is used to ~ccess the con w 

trol/status reg~ster. Normal us~ge of this fi~10 ~s the former 
cas~. 

C :5 R 0( 1 1 : 1 ~: > r< e a a 01j 1 y 

rl'lese cits are unused anej always, read as '-'0", 

CSR<12>,Read/writ~ 

ThiS' bit functions as the wrtteable contrOl Store Enable, After 
1 tis' $ ~ t t (; "0 It, the loJ C S m (, (j U 1 e m a k e s n " res t:~ 0 1"'1 set 0 the m 1 c r 0 lOll 

~nst~uction bus, and the-~cS RAM can then be' accessed by the 
LSI""'11 ~HJ3. hhel"l it is set to a "1", the t'iCS mOdule responds to 
~ic~Oaddresses in 1ts switch~selecteo range, and the~cS RAM can­
not be altered by the lSI~!l bus. 

CSRclJ> Reao/Nrtte 

This bit fU~c~ions as the tX3mine !ogg~e for the trace bUffer and 
~s tog~l~d to exami~e se6u~niial trace words. Itsu~e is furt~er 
e~pl~ined in Section 6.5,S~1. ' 

CSR<14> Read/~r1te 

This bit fwnctions as the Trace Mode Exam1ne. It shoufd be set 
to 0 fOr no~mal control' s~Ore operation, When it is set to 1, 
the interface re~ister located at 177542 ffiay be r~ad to access 
the tr~ce' ~ord; as sho~n 'in Figure b,li. NOte that the tr~ce 
were appea~s as Head OnlY 1nfor~~tion (se~-section b.5,3.1~ • .. 

CSR<15> Reaa/~rite 

i his hit f IJ f) C t ; 0 f\ S a s t h ~ LA; C ~ R (~ set ,. r'i hen s E~ t t c ~ "1", t M e con "" 
troi store ~~mory Pag;~g logic ;s reset to PAGt ~ and the rrace 
b IJ f of era d cj r' e s s ; S S i;! t t 0 a I! U 1f " S l;J b 5 e que n t 1 y c 1 ear i ri g t his' 6 i t 
t 0 ~ !' \~.; " € nat) 1 est h e p .~ 9 ; n q log i C ? n (j the COW n t e r t h ~ t S lJ P P 1 ; e s 
the Trace tUffer address. ' 
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\..; hen C .s ~~ < 1 2 > ; sa" ~; f1, the II.; C ;:, Iii 0 d u lei s not e nab 1 edt ere s p 0 n Ci tot t, e 
Ml~~ The ~CS ~o0ule device regsters, which function as WCS RAM data 
aCC9ss registers, are 1!7~);Jd and 1'71SLJ4, as" shO~'Jr"l" in rigI..Jrf)"·"6,,1~J. -i"he 
lower Ib tits of the m,cro~ord, ~I<15:0>, are acce~sed via locatlon 
1 7 7 :, 4 c • r he/"', ; ;J her 8 b 1 t s , f~ 1 < 2 .s : 1 6 > are Bee e sse d \j i a 1 0 cat 1 0 n 
177j4~. ~ote that oits <15:H> of-location 1/7544 are unused and ~re 
red;j a s I, ~,; II • The d 0 I:~ res SOT the "l C S RAM rn; c I'" 0 ~ 0 r d ace e 5 S ~ d v"i?" the s e 
reg~sters is determined by ~5H<?:~>~ 

Both ~CS ~emory acceSs registers su~port ~e~d/~rite acceSS only ,When 
t Ii e ',4 C Sis d ; S Q t) 1 fl <1 ( C :, ! < < 1 2 > ;:; ~1 ) III T h ~~ yj r ; t e m C de, imp 1 erne n tea b y a 
DATU 00~rdti0n, a'o~s WCS-~emory to be loaded. The Rea~ mo~e, imple~ 
mcntea b~ ~ OA1r operation "allows the ~CS memorY contents to be ~~~m­
i~ed. Heca~se Of the 24 bit length a singl~ m~crowora ~ust be e~ther 
wr'tte n or reaa as two oper~tions. 

When tMe ~C~ ~odule is enabled (CSR<12>:1), both WCS register 177~42 

and 17754~ are ~tA0 only, anj ~he data"whic h is read w~11depe~d on 
the t~pe inst~uctio~ ~or cons61e GOT) tMat is used to-access the re. 
gister," !his is dye" to the f~ct th~t, when" enabled, th~ wC5 mOdule is 
being a~dressed only oy the MIH, ana the micro~ddress present on the 
MIS oetermines the ~C~ kAM lo~ati6n that is" a~~essed. 

Prnper oisa0 1 ing of the WCS ~odule in preparat10n for system 
cess oper~t1ons prOceeds ~s fQllows: 

bus ac"" 

STEP 2 

DISABLe. ~CSZ 

(177540) <~ 000000 

~~ITt DE~IHEO ADURES5 (~lTH CS~<lS>=~J 

MEMO~y A6D~Ess ptGiSTE~ 
(CS~<9:0>1~ -(~775~0j <~ 00~77J 

INTUTHE CSH" 

FollOWing ste~"' c.., read or Wf";te O~el"dt;ons may be Pertol"rred at LSI·ll 
loc~ttons 177542 and 117~UQ to access both parts of the stored micro; 

When bit <1~> of the control/status register is set to . - " 

177~42 MO lcrg~r functions as a memory access register, 
oufter access register, as shown in F1g~r~ 6.1 0 • The 
of t~is reg1ster are explained according to the rel~ted 

, .. '" ... 

1, location 
but as a trace 
specif1cat;ons 
bit" fielas: 

This ~it field contains an 11~b~t microaddress Mr R<00> being the 
1 0 t<I .. 0 r (1 e r m i c ,.. 0 a (j (:; res s b ; tan d (Ii r H <: 1 ~1 > t") e i f"l q t ti e h i 9 h 0 r d e r m i ~ 
Croaodress bit, -The value read fr6m MTR<1~10~> 15 the value that 
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appe8rea on the microinstruction bus whi le the microorogram was 
bei~~1 traced. 

~,~ r Ft < 1 1 > 

This blt is the value of the ~CS Enab1e B't which is stored in 
the trace buffer ~long with e~ch miCroad6ress~ A value of 0 inN 
oicates that ~CS response was ~is~bled for the micro~ycle, . . 

ThiS bit f1eld cor t a1nS the 4-bit (~odUl0 16) adareSS of the 
trace . bufte~ «cmory~ The counter value is ~ad~ aval1able in th~ 
trace wOrd to ~id tn dumping the buf~e~ cbntents tn' ~he prOper 
order of occur~ence~ 

6_!5.3.1 
of the 
ster:;s; 

Mic~o~Cdress Trace Buffer Dump ~lgor~th~ - ~roper operation 
~icroaddre5S trace buffe~ hardware requires the fOl1~W~ng 

1. fke trace butfer is initialized bY asserting CSR<15>, 

The last microinstruction to be trace O conta,ns a value of 
i n f'; 1 < t: 3> • 

1 

Aft ~ r t 1'1 r? t r ct ~ e b u f fer , sin, t ; a 1 ; led, the t i aCe . b u tf e r ; s c 0 f"\ t .i n u a ,1 ·1 y 

upd~ted to ~ont~in the 16 ~~st recent microa~dresses placed on the mi~ 
Cr01nstruCt,on bus by the m~CrOprocessOr C6ntrOl chfp; The b~f~er 
ccn~ents . a~e troze~ ~hen ~ne microinstruction contai~1ng ~lc2]>=1 is 
acces5ed~ lhe tuffe~ contents may be subsequently dump~d' by ~lacing 
the ~cs mooule in Examine lra~~ mode a~a then sub5eou~ntlY acce~S~n~ 
the trate bufter contents. The algorithm u~ed 1S i l1ustrated' i~ F~9~ 
ure 6~11. fiote th~t the buffer memory address must be"saved bef~re 
the toggle/~1croajdre~s store 100e is entered to crov1de a' refe~enc~ 
for dnY s~b~eq~~nt tests~ AlSo ~ote that eVery CS~ write operation 
must ~O~tain a 1 in bit <14> to maintain the Trac~ -Exa~1~e tn~ble~ 
The final 2 events in the 'loW chart reset-the Page Logic ~n6 t~e 
Tra~e Buffe~ ana re~enaole the ~CS memory response.' .. 
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The basic functional bloc~s of tMe ~CS mocule are illustrated in Fig-
, , 

ure o.12~ fhis circuit description is intenOed to aid understanding 
of the schematic 0iagr~mS suPPlieJ with the ~Cti moaul~. - , . 

Cleek Leneration 

The clOCk ?e~€rction circu;t receives as inPut 2 of the 4 TTl m;crocy· 
c 1 eel 0 c Ir. phD 5 e s' (~Ii 2 :~, and P H IJ. t·,) fro rr the LSI ... 1 lor 0 C e s S 0 r mod u '1 e " 
TheSe' cIOck-S~gnalS are conn~cted t6 the wCS mOd u le V1a the m~croin­
strucjton bus interconnect caole. Note that only prOcessor modules of 
etch ~evision F (CS Rev YJ or later have the necessarY clock s1~nals 
dvai 1 ai)l f: at the errspty - f1ICHUn socket, 'r_32' (normal' y used for the 
Kt.V;"'li option)", ' , , 

The clockgereration circuit t~e~ deriveaoditional 2 separate signals 
from its in~wts; n8mely, PHI Hand PH23 H~ PH23 H is "{9h co~t1nuous­
ly 6uring m,crocyc'~ phases 2 and 3 'and is use 6 -t6 ~Aable the s~andara 
T ! Leo r t I" 0 1 ' t.' t s • P H 1 ti e f'l ~ b 1 est h ~ - 0 u t put 0 f t·~ I < 1 '1 : 0 > ~ 
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contrel !:Jtore >;~!',l0ry ,Jr'l(j HicrOadOreSS f"ultiple~e,.. 

The control store memory is implemented ~ith 2~ ranoom Bccess memory 
integrated Circuits enc h M~ving a I-bit by 1024 OrQdnizatton, The 
control store Dane orqdnilation is established" bY th~ microaddr~ss 
multiplexer in conjunction with the o~gtng logic. Note t~at the ~1-
cro,nstruct1on ~us incwt to the M1croad~ress mUltiPlexer is 11 "b~ts 
It< 1 d 0 ( 1 :... c f .." 2. ~1 U 0 ) c.~ r"1 (j t ~ e m l.J 1 tip 1 e x e r 0 u t put i s 1 0 b ; t s w 1 d e 
(1 ... 0 f "" 1 ~~~ 2 4 ) w 

The system bUS 1nteface is implementeo ~ith integrated bus tran­
sceivers (OC00~) and a 0~otocoi logic circuit (DCg04). The read pbr­
tio h of the 4 oossible reqist~r fOrmats is determined"by i~e re~d back 
multiple~er~ lhe extended tTL CO~trOl bits are ava11able on ~he ~C$ 
m 0 (j \,,1 1 ere a r f, n per S Btl 0 cat 1 {") n s \f~ h ; c h are nor rn a 1 1 y Spa r e • Not E;~ t hat 
bus a dJ res s 1 I 7 S f~ b ; s b '1 c eke d (s; n. c e t his is" the ~) <1 6,.. e 5 S d S s i 9 ned t 0 

tne ~~Vwl1 o~tion)~ 

The ~tcro1~struction bus interf~ce is implemented with special intcg· 
ret f) d c ire u its' ~'oj;~ i chi n t e r t a C f; ~ the' M (1 S '1 0 9 ~ c I eve 1 s tot h e TTL 1 eve 1 s 
o~ ihe ~Cs mCdule. only 12 rece1vers are i~plemented CMIB<lD:0> and 
MIB<i6»,' ~no since 22 bitso f the storeo m1Cro~ord a~e returned ~ia 
the m~crOi~struCtiQn buS! 22 drivers are imple~ented, The phases dur~ 
i~g which the cont~ol store o~tPut is asserted are aeter~in~dby the 
output en~ble c~rc~itrY, control"store out~ut is enabled o~lY when~ 

!. A~ appropri~te micro?ddress Mas be~"receiveo. 

The ~C~ mOdule is enabled (CSR<12>;1). 
~ . 

AnO wMen the Gontrol store disable bit (Mlb<16» was not as· 
serted by the Lontrol ~MiP on the prev~ous CYCle (PH]), 

The microadoreSS trace faci ,tty is imolementeo bY three 4x16 bit ran· 
do~ acces~ ~Amories; one ~·bit counter which aOdress the me~ories, ~nd 
associate~ 61earing an 0 cioC~1ng loQic. Assertion of CSR <1~> Clears 
the counter" and restores the tloc~ input (PH2) to the c~u~ter$ The-lb 
m1eronddress rutfer location prori~ced-by ~hts "Configuration are lo~dea 
f~OM the output of the microa0dress "multic1exe r , MA OR<9:V> bit <11> is 
t~ken directlY from H13<11>J~ In th~s way the storeo m1cro~dares~ re~ 
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fleets the control store address placed on the MIb OY the microproces' 
So~ Control' ChiP,' The cU~fer conte~ts are exa~ired trom the system 
bus interface via the read back multipl~xer. 

6. 7 !~ i~ 1 T tAb L t, CO I\JT I-i 0 L 3 T U R t. I~ A H D ~ ARt. 5 f>J E. C II" I C ~,'1 1 UN S 
--;.. . - ~ 

The items co~td;ned ;~ this section proviae a cuick reference for mo­
d ~J I e h? r (~ \-; are d eta i 1 s. 

The KUV11-AA LS!~11 hriteable Control Store option consists of (1) a 
standarQ Guad heiqht, b.S by 10 inCh mm ultilay Cr cri r te6 circuit 60~rd 
(M801~) with ~iQn~l etCh On both sides and 2 in~er layers (Vee ~nd 
GND~ ~nj ~2~ a ~icroi~structior BUS Int~rconnect cabl~. 

The Or'll 'I p¢\~er supply voltag~; reql.,.l·;red by the rt.,S rnod!Jle ;s'+5 volts. 
Connection to the +5 volt SUQply as we'l as-grOund re~urn is esta­
blishe0 throu~h the mOdule fi~ger/baC~plan~ intercon~ection, The sup· 
ply voltdQe tolerance is ?lj% and t~e current d~awn from t~e ,+5 volt 
SUP~lY is 3~A tYPic~l (7.j4Awor~t case). 
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LSl·ll system ~us Backplane Pin Assi9n~ent 
. -. -

The fiqure b~low lists thA ~CS Module (M801~) backplane pin assign­
ments: 

Atl 
,AF 1 
AJl 
A~ll 
ATl 
.~A 2 
AC2 
At2 
AF ~ 
AFl2 
AJ2 
AK2 
A r<12 
A N~~ 
AP2 
ARC? 
,6\52 
ADZ 
AVe 
BA! 
BJl 
81'11 
8Tl 
BA2 
BE2 
Sf' 2 

Mlc22> (~ROM 4 H) 

;"11 < 2 S :> (~ H U ~'l 5 H J 
l~ ~'i D 
!..7N() 
GNI) 

1'5V 
fj N L) 

0DUur L 
t~ ~~ P L '( l 
ij()lN L 

dS'(NC l. 
tH-; r 8. T L 
dIAKI l (JUMPE~ED TO AN2l 
r3 I A xu t. 
f3n:5 7 L 
dOPG! L, (Jur<!--'t.Kt,l,) Tf] ,,\32) 
b D MG () 1..-
l:~Dl~L;iJV! L. 
dD'ALi}l L 
r3DCCK h 
G j\lO 

bN0 
\':ii\JO 
.,5'1 
jDALl:)2 to' 
tH)AI,,..j3 L 

~H2 

dJ2 
t.,K2 
d L, (~ 
t;H2 
01'12 
dP2 
~3!~ ~ 

i3S2 
UT2 
t~u 2 
8V~ 

CJl 
C t'll 
eTi 
CAt:? 
te2' 
Ci-i 2 
C!'IC 
CR2 
CS2 
l) ,J 1 
o i>11 
DT 1 
iJ l'~ 2 
DC2 

B.D,A,Ll1/~ L 
BtJALOS L 
t3 U A L ~16 L 
dDA,L0 ; L. 
6lJA L kH.\ L 
BOALirj'1 l .. 
t3DAL1~j L 
(;jUAL.l 1 L 
81JAL12 L 
tiDAl .. 15 L 
BUAl,.14 L 
S0AL..15 L 
GNU 

' ' 

GND 
GND 
+sv 
+5Y 
f31A;-,! L 
81AKO L 
f3DMt, I L 
BDMGO L 
GND 
GNO 
GNO 
+5V 
GNO 



'''"Ma' 'trWI 1 tt' "0iui 7 ht't': J 'tb t"tffiiHit!\ltj"#hbWttlHW'\lt"rlddJU'bJ!'WNWkttt'llWWhJtHW8MNMdll"\W8:l/I'2L)'jet'±W!!!P'''I!!!!'''j'UV 

o 

THE L:;jI""11 wFiJrt.Abl.E. CONTt"l'Ol,. STlJRr~ 

6, 7 .. ,:~ ~icroirstruction Sus Connector Pin Assignment 

Fipure ~.14 contai~s a table ~hich lists the p1n assignments for the 
m1croinstruct,on tus interconnect cable. All unlisted numbers have no 
connection at either e~a of the cable asse~oly. The pin ass1g~ments 
a~e the s~me at cct h the prOces~or module enC and the" ~CS'mOdul~ end 
of the cable. ~owever, b~cause of tw6 series ~atching re~isters (Pins 
24,~5) on tne CPU ena of ~he cnble, (i~5iae the" caole assembly)i ~he 
cable r;lu9s are ;'~UT interchdr'lqeable (j1'1(j" th~~ orOcessor mOdule end car .. 
ries ~ special desiGna~ion."A cOAtinuity check of each signal p~th 
w~l I orOdu~e ~ low resisteMce reading (less tha~ 1 Oh~) exce6t ~or 
p1~~ "~~ a~H ~S. These 6at h s carrY the m1c~ocycle clock phases a~d 
cont~~n a 100 U~0 series resistenc~ on edch P~th9 



1jttfWWf" "/",." 1'li *f"" I' HW'" '.cw I,. %h;cWu¥i if'"' "H±"j"'"d'W"tie'WtH%bWltRMdtR!iII8+1HiUlllllflf!!i\\ItMMMlWIllI 

o 

~~lTtA~Lt CONT~OL 3rUR~ 

C A 8 l.. f:. P L U :"S J.'" 1 t'; ~'l U i"! ;;5\":, R 
( '3 0 r H E h C S ) 

. " ~-

~UhCTION 

1,1 I tl < 15> 
f·l18 < 1/~:> 
~11b<13> 

~·1Ir.3<12> 

1>.1 I d < 16> 
[','l1d<l'7> 
1-1 I b < 1 d> 
Mlt3<'19> 
nld<2kJ) 
1'1 I cl « 21 > 

PH4 H (lU~ OHM ~tRIES HE~ISTANCEl 
pHd 8 (10~ OHM ~tRrE~ ~E~I~TA~~Ej 
;-"1!ij<11> 
;"11 do( 1 G> 
~118<9> 

r<\l 0<0> 
r1 18<7> 
Ml:j'<b> 
r11b<5> 
!'i 1 So( iJ:> 
t-LU3 <3> 
/11t3<2> 
«1 I ij < 1) 
t'1Ie<Q.l> 

MICkOlN~TRUCTION dUb INfEHCU~~ECT CA8Lt PIN A~SlGNMENT 
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1 T L. Con t i 0 I bit ~ tj f'l1 rn ,:') ,.. Y 

The TlL control bits wh1ch may De used by the ~icrocrogra~mer to issue 
contr61 pulses 1~~iCh ~re 5ynChrO~ize~ with micromach1ne operat1o~ ar~ 
store~ in tM€ top 6" bits of t~e control stOre micro~O~d, Ml<~3:18)~ 
I h est d n tj a r (j J T LeI') n t ,.. 0 1 h 1 t s , t, i 1 ";2 1 : 1 d ;;.. d ; r e c t 1 y 0 r ; vet h e s pee i a 1 
control functioA logic on thq Ljl~11 pr6cessor module. The bit fi~ld 
values ~hich are not" deCoded by this loQ1C maY be emPloyed by the mi­
c~oprogrammer/interface aesiqner to imple~ent-5Y0Chro~ized functions, 
The €~.tendeG lTL control t);ts, t1I<?:s:22>, t:;1f'e a feature of the V-iCS ~lO-­
dule~ Figure 6*1~ lists the cackpl~~e pin dSS~ghments of all TTL-con-
trol' bits: o('I1Y PH.) of the m'icroCYClc" is' dV,:); lable at the-system 
bACkplane which may be used to enable syn~hroni2ed 'decod~ng of 
u~er~defined control states, The following timing aetails sh6ufd be 
recalled f'·orn sectionS ~}.j.l.1 dn d 5.~S.1,2. 

1, MI<21:d> are valid from the begi~ni~g of PHi to the end" of 
PH3" 

20 MI<25:i2> are Valid througnout the microcycle and may oe USed 
to create ~ sj9n~1 "which is as~ertea ~ont1nu6u~ly over multi­
Ple rt;Cl"ocycles,," 

3, unly Ml<21:6> are SUbject to control store d1sdcling and 
MI~23:~2> ~ppe~r regardless of the disable s1gnal (M~d<l~>j, 

It ShoUld further be recalled frOM Section 5.5 that M!<23> is Shared 
with the microadd~ess trace buffer functions- Ho~e~er, if the trace 
feature is ~ct utilized, Ml~2~> can be used in the same faShion as 
Mi<2~>. - -

Figura Q.16 cont~ins ,8 table which lists the special control functions 
which are oecCdeo by ~he L51~11" processOr logiC, Fig~re 6.15 a)so in­
die ate s t hat 0 eta i C 0 ej ~:? U 7 ; S LJS e d "t 0 s w a P Yi C S' rn e ((1 <.) r Y p a 9 (~ S f S w a pp ; "g 
t~ -effeCtED Only w~en MOUE 2 control stOrB memorY addressing h~s-b~e~ 
selected via tne ~CS ~odufe option switches (sectioA ~.~,2). 



PR OL t S S fJR 
Pt~ut.E,~jS(JH 

PkOCt.S50H 
PKOCE5SUR 

~cs 
-wcs 

PHOCE~5UR 

It+'-'# J 'i JH"H.!flHNWlftl'NIHW'WlIfdWlwlftllliu.ilItjIMiIIYMl/ij'! 

S I G r'j .• \ L D t F 1 :'il T 1 0 i>l PI!'. 
-

D:""._. ...... ':"!S'ttl"WJ>':'tW ___ ,.. ... 
S k fJ 1l .~ H 1'·11 <: 1 t~:> DDl 't,) 

.. 

SHU!') 1 H Mi<19> tH'.l 
S k Cr ", 2 "1 r·l l < 2. VI;> OFl 
S h( ~; :';1 5 ri n'1 < 2 t > pHl 

S h; D i,1 I ~ H ~:!1<22> ~ r .. l 
S ~ (j !'j ~ h 1,11 < 2 ,3 > .A f' 2 

Sl-lH3 H r-~ .1 C ,-< () eye L t:. DCl. 
PHASE 3 

TTL CGNTHCL PIN HACKPLANE PIN A~~IGNMENT 
-- ~.. .. 

~. r G U R t: 6" i 5 



1 ~j ~H) 
1';)1;)1 
1 k~ 10 
1 t;j 1 1 
1 \ !fir] 
110 1 
1 i 1 13 
1 1 1 1 

0~1~)i.J 

~H;) 01 
~j'J 1 0 
kJ 0 11 
U 1 ~Hj 
u 1 ~J 1 
~j i 10 

~)C TAL F~JNCTIUN 

'!« ):~,_,.. 1ft t!lI' ..... ~ ............ 

J r.1 Rt.St.RVt:O , 1 IfCl,R+ S!":UN L 
1 (: TfCLR I,.. 

1 "~ kf'S~T k. 
1 I--~ rf.jI 7r1AlIZE:. Sf: r 
l~ FASi DIN 

-. 

16 PFCCr< h 

17 t~fCLRL 
# 

;<, >J Ava1 lab Ie 
~:, 1 ,A V a i 1 at:l e 
(.') 2 Ava; 1 i)b 1 e 
Ii; 3 Ava; 1 abl e 
C>J !~ va 'i 1 at) , e 
~:, S ,Ava'; 1 dt', f,? 

00 A v 4~ ; 1 ;301 e 

STANQARO TTL CONTKPL bIT ~UN~TIUN~ 

iii 
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CHl~prf:.R 7 
.- -" 

A S E:" t 0 f [vl. 4 CPU l:lO 11m a c r 0 s '" a 5 t)E? end e f 1 n eo· t 0 aSs e rr: b 1 e L. 5 I '"" 1 1 m; C roc 0 d e 

using the ~~C~O·11 ~5se~bler, This manual desCribes th~ sYmboliC for­
mat and special features cont~i~ed in the macro parameter file.-

Each 22 ~b1t WD microword is assemoleo into 2 PDP 11 lb -bit words 
startin9 at- PDP·l1 word locations 1000 ,1002 (octal), FOr example: 

luug ,1002 

7a2 SYM8UL1C INSTRUCT!UN FURMAT 
-- . 

. ~ The basic instruction line format is: 

label; operands, translation, state ; comment 

The lacel, translation, state, and comment are optio~~lt T~e format 
of t~e ocerand . field depends'o n the opco~e_ Since tMe i~structibns 
fal I into a nUmber of distinct format Classes! each ~l~sS will be 
de,~.l t wi th 1.:)5 cl qroUpe . 

E a C h f" ; c row 0 ,.. ('] i nth e R u r'i h 0 1 (j s a I') a 0 d ; t ; c n alb b; t: s • U r'l e b ; t ( L H R ) 
c (, n t r' 0 1 5 1 () a (j i n 9 ~) f the ret I,J r f1 ~ e q ; ~ t e r w' t h the ; 1"'\ ere If\ e n ted l C ; f 0 u r 
bits s,," .. eC1tY ~ IIstate codell for use ty the chip set env;rOf'ment (e,g", 
"" L~l~.l Bi.JS interface), arid on'E~ bit Cf~SVC) invOkoS;3 tr?i"'!slat'ion. ' 
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o 

L S r u 1 1 1"11 C R U P iU) L. E S S 11 R S L r ( 1'1 P ~ ) 

This st~te tiela can be specified for all i~strvctionSf If omitted, 
the field ~11 I be asse m61ed with a value of~. T~e fol lo~ing'crede-
f ; (I 0 d s y ~ t) () 1 s are d v () i 1 .:J b 1 e for \1 S e i nth i sf; € 1 dar ('1 f'I'I a y b e 0 r ' d ( 1 ) 
or a~~ed (+) together as necessary. 
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LSI"11 MICRUPkCCESSUR 5tT (MPS) PAGE.. 7-3 

LF;:R (Mlf316) 

::; 2 (i1 I ;'32 It) ; 1 8 ) 

oc Tid .. VALU!:. 
(bIT::; 21=1~c') 

10 

30 

0ervice Translation 
(called Khl 1!"1 ~j) spec) 

Load Return Register 

State cOde ~} 

State cOde 1 

State cooe 2 

State cacle 3 

State cOde 4 

3t·ate cOde 5 

State code b 

State COde 7 

LSll1 BUS C0 control signal 

FurtMermore, a kOM drldress~ay have a translation associated with ~.tt 
~~ h ;1 e the ass e IT! b 1 e r w; 1 1 not "21 5S e n1 t, 1 e !! t- I"! e t·r a n S 1 a ti C rj i n fOr mat 1 0 n 
i n t c t Ii e Ii· T [\ , ; t do 0 sal low :'3 pee; + ; cat i 0 r'\ . 0 f ~.~ s Y I'il b 0 , ; c t r·~ n sl ? t ,i 0 n 
identifier ~t ~ D?rticul.dr mi~roloc~t1on.for document~tton curposes. 

FOr all 1~structions invoJving registers, the following creaef1ned 
symools ilre ava11~oJe fOr use in the register fielaCs); 



aW' '$; vb·' . , .. 1M"· J. b •• I+W+ L'IIsHM'WMW'2",¥"'Q '"' 'If! 

VAL.uE MEANING f0H A POPIl 

2 

2 bUS addresS lo~er cyte 

bus address upper oyte 

KSkC source operand 

source OPerdna 16wer byte 

5 source oper~nd upper byte 

6 destination operanO 

6 destination oPerand lower byte 

KOS1H 7 destin.ation operand upoer byte 

instr~ct1on ~egister 

r: 1 f·~ L i~structton register lo~er byte 

···C) .. 
.k Ikh· 1 1 instruction register upper byte 

progra~ status word 

program atatu~ lo~er byte 

13 program status upper byte 

stack pOinter 

1l J 

15 stack pointer upper oyte 

PC 16 

tb 

program counter upper byte 

indirect through G register 

GL lower byte indirect through G 

0H 1 upper byte indirect th~ough G 



In the SOI,Jrce formats ex~la;f'eo in this section, a "t" 1s used to re­
ore s € n t the t r ~') if S 1 at; 0 n S Y !11 h 0 1 a r. (j cl n II x I! i S IJ 5 r:; d tor e pre S e il t the 
state code field, 

1 II tJ ,J l J '-I PIn s t rue t i 0 I'i 

Format; 

laoel: opcoae adnress, t,x 

j!...lmp if 

JlBI-

JLbT 

J1F 

JrT ;cs~l 

,jNe T 

JlF 

JCF 

JeT c=l 

.1 v T 

comment 

Jump cOndition cOde 

t 

2 

5 

b 

7 

10 

1 1 

12 

14 

15 

16 
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Ji'.IT 

label; 

Opcooe-s: 

Format; 

2 

..$ 
4 

S 
6 

17 

·30d liter~l 

COli' P ~~ r e 1; t era I 
a!"'d l;t(~ral 

test literal 
lC~Hj literal 

cpcooe breg1ster, aregister,t,~ lco~ment 

PAGt. 7-1:> 

~he" ~t is oesired to affect the ~acro level flags cie., - C, V, Z, 
N) p ;;l n !I F It ; s a r) 0 end e c~ tOt h e 0 pC () den'! n e m 0 rl 1 c ( 6 1 . C 0 u r S e ,on 1 y fOr 

those-OpcOd~s that have the c~p~bil~ty of affeCting the m~cro fla9S) 

~Nf~ rH1N Ie 

M6 
fl;b ~ 

C nlj 
C t-',UF 

C t·,w 
(~M ... F 
Teb 
i c r~ p­
T C t'i 
i C 1~1 F 
ueM 
oc 1;1F 

DC 1'; 

Uti'IF 

2 '4 ~., 

2 ~j 1 
202 
2~L3 

204 

206 
207 
230 
231 
2 ~3~ 
233 
2..3d 
23) 
236 
231 

move byte 
move byte and 
ma v e ~vO I"'d 

set 

s~t 

fl?9S 

flags mOve wOrd ancj 
condi tiona) ly 
conci; tiOna 11 y 
& set flags 
conditiOr1allv 

move byte 
move byte 

{nove word 

twO's comole~ent byte 

twO's c (') m P ,1 em e i'I t tit/ 0 r (j 

or"e#s r;omr.l ement 
(... . byte 

one's compler~ent wOrd 
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letSl 
1 C b 1 1-" 

t c ,',1 
1 C i', t r 
,\. c ~2 
ICb2f-
1 (, '.1', 2 
lC,,2F 
Odl 
I)F1F 
C~; 1 
pV; 1 F 

A 1::1/'" 
A\~ 

A ~ .. f" 

CAd 

CAliiF 
ABc 
ADCF 

.Ai'itF 
C-Al 
CALF 

S t~ t F 
~f;( 

S\.'iCF 
Cb 
t8f 
t;; ~t; 

C ~!t. 

liFe 
()RbF 
(JR I'; 

t), ~iF 
)B 
Xf'.t­
X~ 
X v; r 
i"'18 

NBf 
(\ \->; 

f .. lh r 
18 
T Bf 

221:i 
221 
22~ 
223 
224 
225 
226 
227 
274 
? .. 7S 
276 
277 
,24U 
241 
2/-'2 
243 
2tJ l~ 

245 
2q6 
?.irt 
~5~1 

251 
2t52 
255 
256 
257 
201/} 

261 
262 
26.3 
27J 
271 
272-
2'7'; 
26 Z! 
265 
266 
267 
3 1 k~ 
..s11 
31t? 
313 
314 
315 
:31 b 

31'7 
5 CJtl 
j01 
3kj2 
.3 ~J 3 
.3 i/J i-l 

3v.J? 
,3;;)6 

;"crerne~t by 1 

,ncrement by 2 

decrement by 1 

conditionally add 

suOtract 

subtract with carry 

compare 
, " 

inclusiVe or 

exclusiVe or 

and 

test 
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T ,.J f-

S L t~ 
~L,jF 

S '_,'I F 
SLUC 
~ L~CF 
o L ~'; C 
5 Li~; C r 

SRI'IF 
S~d)C 
~r-< r~C F 
SH~; C 
SR~Cr 

riC !5F 
!'~ C ;.'1 

NC I';F 
f;, 1 
LTR 
CAl) 
1~'Itil 

\A 1 ~J 1 
HINl 
V'l (1'1 1 
r~ I t5 2. 
~ 1. ~3 2 
HI \':2 

t~ L ~\ 2 
f~ 

~ 

kA 
~'i A 
08 

'S 07 
214 
215 
210 
211 
21 ~, 
211 
212 
21.s 
3.3 i~ 
33S 
.sSe 
337 
33\6 
3.3·1 
.5.5 2 
.533 
32U 
.s21 
:.>22 
323 
.354 
:3'36 
25 t4 
.3610 

-~ t) 1 
362 
So.~ 
.. 5 b i! 
.S6~ 
366 
307 
.3 7~:l 
.371 
572 
373 
37~ 
3 '75 
376 

7.4~3 lsingle Hegister Instructions 

Forrnat; 

Breq; stet", t, x 

OpCOdes; 

PAGE 7-t1 

Shift left 

shi ft 1 eft vii th carry 

shift r,'ght 

shift right with c~rry 

comPlerr.ent 
. -

mo'oify instruction 
load tr~nslation register 

'cond'tiCnally Hdn digits 
read & inCreme"t byte by 1 
wr,te ~. ,ncren'1{~nt byte by 1 
re~d & ~nCre~ent wOrd 6y 1-
wr~te ~ increment word by 1 
re~d &-inCreMent byte by 2-
write & ;ncre~ent byte oy 2 
read & 1nCrement WOrd by 2 
write &' increment woro by 2 
read 
\.; r 1 t e 
read ackno~J 1 edqe 
write a~knowledge 
ou~put-byte . 
OlJtput word 
outP~)t Status 

1 C ornr(!en t 
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Let­
LGL 
Lll? 
COd 

!jI-'LOut:, VAL.UE. 
o 0 

162 
165 
166 
1 t) 7 

COpy condition tlags 
Load 9 r e Q 1ster low 
Co~ditio~al1v increment byte 
Condition~llY decrement byt~ 

The f01 Jo~ing symools have been adaed for re 1erri"g to the status bits 
read by the CC~ instruction: 

7!t4.l~.1 
FcrnH)t: 

Heset <31'''0 set 

opcode 

f'(F(RI) 

SF(SI) 

VALUE 

20 
4 It) 

lldU 
2Ui;) 

t~lt.J\ N ~ NG 
- 0 

Carry i"to bit 8 
tt~rrY into bit 4 
Zero 
Negative 

Instf"~)ctions (H.F and SF) .. 

UFCODE. VALUE ~1t.ANlNG 
'. . 

reset (Clear) flags 
Sf!t flags 

t~ The fol1ow;n9 predefinel,j symbols ~ire.~ aVaili3ble for USe ir'l the flagS 
fiel(j; 

r;, !'4 E. r'~ U N I C VALUt. tiE.ANJ.NG 
.. ., -

1 {~ 1 ;f'~ternal inte~rlJpt f 1 og 4 

'Is (1 i n t f.~ rna 'I interrupt f 'J (-)9 5 
16 4 ; n t t:~ r I"L9 '1 interrwpt 1189 6 

These SYmhols maY be or~d (1) or added C+) together d S necceSsaY. 
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;~ 

~ 

() 

"1,4,4,,2 
format: 

Incut Instructions -

l~t:€l: cpcooe ~ccesscode, re9ister,tf~ comrner:t 

Opcodes: 

Mf\!E.r~ONIC uPCOoE. VAI .. UE. Mt:..ANlNG . ' ,-

Ie 34~i II"'put byte 

IbF :$ ~j 1 Input byte al"'!d set fl<HJS 
I\.< ~$q 2 InFut wo r~d 
thF 3'~j Input wOrd and set flags 
I ~l b 344 Input status t) Y t e 
ltibr :$45 rn~lJt status byte 8/"ld set flags 

.-

3'-t6 status I S i;~ Input vJO r d 

1 Srd" ~~ t.~ '1 lncut stdtl.JS t'-iO r fj anc.1 set f 1 ~gs 

The fol10w~n9 preoefined symbols are available for use in the access 
code tiel{;: 

i1 N t. i'H) N 1 C ;~CCt.S~ 

ue 
Ui1C 

L" 
L t~ C 
R f"jl'i 
TU6(on 1 y 1 ~ .. ) 

T t.;B (or" y I rl ) 

CODE. VALUE 
- .. 

0 

1 
2 
3 
{~ 

1 

2 

j': c. A N I N l' 
- . "" ~ 

upper byte 
upoer byte conaition~'~Y 
lO ll;er byte 
lo\..;er byte conditioM<311v 
reao/modify/write . 
lo~O TR from OAL 1~:0>' load G 
fr6m QAL6:4> ' -
lOde TR tiom DAL15:0" load G 
fro!'!" D,AL 0:0> -' .,. 

These symbols may be Orrd (1) Or added C+) together as necessary, 

C 7,4.1~,.3 No""uf;)erat1on lilstrlJction (NOP) '" 

format: 

1 abe! ; cornmen.t 

7,4,5 Lead conoition Fla9S Instruction CLef) 

.;~ Format; 

; comment 

The fol1o~in0 preoefineo symbols are available for use in the 



'~ 

LSI-Ii MICRUPROL[SSUR StT (MPS) 

mnerror,,; C v.;..~lue meaning 
-

C 1 carry 
V 2 overflow 
L IJ zero 
f" 1 l,j rH~<Jat;ve 

These SY~bols maY be orPd ell or added (+) together as necess~ry. 
h13 Retu~n ~rom subroutine 1~str~ct1on CRfS) 
format: 

1 abe 1 : RF~ t 1 X COr.'lrnent 

(Note that an R~S instruction assembles as a JMp a0~0), 

@ 7f!1lJ.5,,1 Heset lSR llistrl.lction (RTSR) .. 
Forrnat: 

1aoo1: ; COl11men t 

7~5 SP~CIAL Dl~ECTIVES SUMMA~Y 
- - . 

In adaitior'l 
been r~'1cJe 
sfer ll fhey 

tot hen 0 t' (Ii a '\ til .1\ CliO ... 1 1 d i I" e c t ; v e S , 
aVd11ab'Ie v10 the ~~T"'lt rr.;.)crc file 
are as· foll ~ws; 

e 7.6 NXr f)irect;ve 
- , 

several dir~:ctives have 
to ma~e programming ea~ 

The NXT (next) oirect1ve is used as an aic in placing Or locating code 
branched to by ~ tr~nsl~t~on, Eight oi~ect1ves are ava11ab)e 

NXT2 
NXr~ 

NXT 1~) 
NXT21,~,1 

NX t 4~:J 
NXTll)0 
i',j X f 2 »:;'J 
r~).ti.!;;:;() 

which adVance the LC to the next addreSS evenly divisible hy the spec· 
1fi~d ~owbr of two, 1f 'the curre~t LC satisfies that' cond1t~on, it is 
U Ii C i~ an 9 cd. 
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D1rectives 

All f e 'J t U I" e S 0 f (i A C 1--: (1... 1 1 i:' r ~; 3 V ;':1 ; 1 a b 1 ~ t c the 1'.) r 0 9 ram;on era n dot her 
MAC~O~11 airect,ves t~at ~ave'meaning can be used, An .ASECT D1rec­
tiv0 is dOne i~ tMe micro~ssembler ana the miCrolocation co~nter is 
set' to ~. 10 Chang~ th~ microlocation cou"t~r in an assemcly, a di­
rective of the torm: .=N can be used, where N is the new 'ocatio~ de-
si'reo. .-

7.6.2 l..CG LHrective 

The l.. U C ( r1 ; c r 0 1 ()' ,3 t ; 0 n) d, r e C t i vee a n a 1 SOb e ij sed toe s tat- 1 ish a par .. 
titular- m~crc ad0ress in a ~icro a~semblY. The fOrm of the directive 
is; 

wh,ere N is the oesired Micro 
Cons1sta~~y w1tM the System 

lhi's directive was included fOr 

In Addition to t~e normal error chec~ing done by MACRO-It, seve~al 
err;,.. Check~ng features have be~n aaded via the p~r~meter file, 

7.7.1 Uff.pane Co~ditional JUmP ~eferences . -

Since th~ LSI~ll ~icrop~ocessOr allo~s conditiOnal Jumps only withi,n ~ 
f ,f xed ~ not . ,.. E' "i £1 t ; v e) 2 S 6' dec 1 IT!'l 1 'iHH:5 (, c t i3 1 ) i'! 0 r d p age, the ~ s s el~ b le I" 
will fl~)Cl Violnt;,ons ':3 t aSSemblY time witl"l a Ifr" (qUest;ona~)'t~ SYntax) 
e "I" r 0 r !it ., 11'1 .A C R: U'" 1 1 a J s 0 LJ S est h;1 e r ~ 0 r 5 \( rr b 0 1 II p!1 - a S ct C;'l t C h ..... d 1 1 err 0 r 
meSS0Ge<l 

An idiosyncrasy of the ~iCroprocesSOr OCCurs when ~ conditional Jump 
is asse mblco at the last location of a 25b oec1mal wo~o page. Instead 
of ~e~aini~9 in the existi~~ fixed pa~e, Jumps' can only be made't O ~~e 
next $l..H':CeSS,v e Png~Ja Fo~ examPle; if a Condit;on~l jLJrn;? ;s at Jo~a ... 
tion 377 octal, the jump can only refere~cR loCations U0G throug~ 777 
o~t~l' The micro~SSemb!e~ Will ~lso fl~g these·violationS in the S~me 
fas~ion as GQove. 



·dtftttt#Hb#t!it!'"bt 11 t J "tt"it" .. " "**&WHti W tiH tl:l'Njl\ij'tNt l l!!"'t","8H""t!t'Hft!!' gpM"m!, 

f,.:J;,~;:,'.' ~" 

uver~ritten ~UM Locations 

address constrairts~rnus ~Men an att~rpr is meoe to 
'Oc~tiOn that ~as already assemclea,the assemt 1erwil I 
()CCUrreiice. 

7,7,3 !Jvers;zea Litel"QIs 

PI~GE 7 .... 13 

asse~ble a ROM 
!lot flag" the 

Any literal th~t exceeds the literal width of 8 bits will also be 
t 1 a ';j 9 e Ci ',..;, t h a "P II ~~ r r 0 r • 

A ", a C r 0 p .~ t" a In e t e r f ; 1 e , 
f;l~ to 'aSseff:t.ile ~tD 
var'etv MACkG~11 sOurce 
comp~taole editor (such 

tlct.,3M.MAC, r:'ll)St be lJseO along \,.;itn your s·ource 
m~crocode. The source coce should be a garde~ 
f~le ~h1ch caM oe created by using any s~stem 
as cOrT)" 

microcode Of! the PDP"ll , run as fol1ows~ 

and whe!1 I'iAC;I~U F€SpO!l(js \"!,ith? H*/I, type the cOmmand string 

w her e ~ ll~ N .~ t·1 ; ~i the (i d i,. e 0 of' you r S 0 \.J r c e +; 1 e (1 t e;( ten s ; 0 n ; s ,,~'1 A. C , i t 
c ~n bee 1 ; m 1 nat e (j ) ,Il The 0 u t rHJ t \'i i '1 1 b e ~' ~:..I r3 J (0 b j e c t mod ~J 1 e) ,,~ f; 1 e 
and a oaL.tiT listin9 tilewitf! th~ filenames th(: same as the source 
f i 1 e III \'1 hen' (fi ,1.\ C k (j i s fin; she (~ , t y p e !l C on t r ole II t 0 q e t t a C I< t 0 ii1 0 Ii ito r 
1~ve14 Then the list~nq Can be p~i~ted by usi~g the PIP ~til~ty pro­
gram 

A useful aio durinq program development is a cross r~ference list~n~ 

which is aPQe~ded to the ~ormal assembler listing. To obtain one, 
tYpe tho fojlow1~g commd~d to MACAO: 

" " 

An object mOdule that is prodUCed by MAC~O must then be pasSed thrOUgh 
th~ RT-l1 Linker program to p~oduce the .~AV 11 le on the ~ystem device 
(or anY .. d~~v.ice for" th~t m~tter) that ;$ reQI,;ir€:Jo by the ~ .. ~S L~JADE.~, 

The <foll(j~'ling exar-rple illu3trates a session at a (the 
, . 

SOl,.lrce f; 1 e nes a 1 renoy beer, cr(~ate(j) 
. " . 



* t. x 1<. rei P L , t. X /I. II: P L. / C:.: lj C t. 5 i-l , t: X ;.\ t-1 P L 
tj:;;r~UR5 D~~TtCTt:O: ~ 
F R r. E. C U f-:: t :7 'I /4 I) • tdJ R \) S 

"R PIP 
/{ L,... : ;; E X A ~.~ PL. l. S T 
*""'C· -

,f.< LINK 
* ~. X .~\ r\ p L :: t: :< A r1 p L 

A SA~:PLt. PRUGkA!'1 

MAT ~ r ~ E ~) y r··~ b U L 

1 S S l"ilJ v-! N B E. l~ U w T ri A T .. -
TA~lt IS NUT SHOWN~ 

ILLUSTHATtS A TYPICAL SOURCE FOR~ 



2 
3 
4 

S 
6 
7 
8 
9 
1 l1 
1 1 
1 2 k; ti"- i) ~3 v.i 
1 S ~ 3~h')J 

1 4 :03 !'i-~ ~J 1 
1 S ~j 3'<102 
1 6 ~~ ,3 :".;,\ v) .5 
1 1 'J\ It. 31,[) v) I~ 

t 8 
1 9 ;,/L$·hJ;;' 

2vJ ,~5 1:1~' 6 
'J 
[~ 1 ~:13 d \!J 7 
22 i/3:,-:\ 1 i!.~ 
21 ~':) ~} .3 ~~ 1 1 

"() 2Ll '(; 5l 1 ,) 

2j J -; ',() 1 -3 
26 
27 
28 ~~j ~~ ~~ 1 /4 

29 ~:1.S 0 1 5 
30 J 3 itj I 6 ,j,. 

3 1 VJ3 :!:i 1 7 
32 v: ~<)2!Z 
33 t:S~)2 1 
34 ~;'3:r~2d 

35 ~) :; kl c~ , 
36 ;;'i3U2Q 

:37 
38 'Ii 3\(52;, 

39 v53u26 
4fJ ~, :; ~~! 2 7 
4 1 ~:;3i:~30 

42 ~~3~,\3 1 
45 \(,. 3';~ 32 
44 ~j3~3.5 

'IS ~) :3 ~',~ :, i~ 
46 
4-, 
48 
49 
5~ 

5 1 
52 

l\.,)T~UCTIONS 

• TIT l. t. PUS H H A f''1 I) P U ~~ R 1 r\j S T PUC T I U N 0 
THiS is THt MIC~GC00E ~UR TH~-PUS~R ANO PUPH 1~5THUCTI 
PUSHk;:~~ 167Ukj 
PUP f-( ;;; ~~ 7 0 7 ;,J 1 

SINCE wt DON'T HAVE AUTU PC~EHUP UR ,MICRO INT~RkUPTS: 
p U ~"d~ \J ~~;. ;:: IrJ 

I ~.J T S E R ;: 5 
;F1,ZS I 00 rRAi\31...;'TIOi~ 

LUC 
8~ANCHES AND THt UECOUE OF ~76XXX OpCUDt 

3~JfH1 - ,. ~' 

J f':P o ;TRAp ILLtGAL OpCOdES 
..,.. ~QMA-L E~~ J ~!IP DtCODE JCO~E H~Rt ~QH UPCODES 

PO~HUp _ J~O~tR 0p-ENT~Y IF ~Ef 
o ~~~1 ; TR AP I L.LEG~\L- OPCUDES" 

INTABr: J~p I~TSER ;CO~E HiRE ~OR MItRO 1 
: - - ,- -, ·'to 01;"'" ~ 

Dt.CUDt: CL '175,RIKL ;ZB It UP~O~E!~ ~:r7({9J 
\JL8T Dt-CUN .-.. ;JUMP IF- TRUE 

DtCfRP: JMP- 0 :fRAP ICLEGAL CODE 
D~C0N: CL 301,RIKH ;28 IF uptoot I~ 07670 

J l 8 T POP R .. - , J U M P -. 1fT H LJ E - --
CL 3~0~RIHH :2B IF 5pto0E IS 07670 
JLBF D~ciR~ :JUMP-I~ FAL5t -

~ -. o;::u::., LA 4 tJ.. ~~cJ.. ~ ~ If> LA _. .- . - ~ 

~lHlS Is TH~ ALGO~ITHM FOk THE PUSHR INSTRUCTION: 
PUS H F-~: . l .. C. - ,. '. - -. 5 , R l'R L. " -; ~~ I ~ L :;; F 1 R S T (, C U N S T fA N r 
PUS~LP: lGL RIRL ;5tT UP G-RtGlSYER 

A~ 37b~SP~ ,D[CRtMtNT BTAC~ av 2 
CUB SP/,i - - - - - .' 

W SPH/SP~ ,PUSH RtGlSTER UNTO ST 
DHt RIR~,R~kL ;DE~R~M~NT ~ ~ONSTANT 
o~ GH,GL 
J~8F P0SALP 
JMP- 103~ 

;JUMP IF NOT DONE­
;JUMP TO DO-FLAGS AND 

: ~~ 0 ~i H E h t .1 S i H [ PDp R A L G U F~ i T I'; r" : 
pOP~-?; -'Ll - 0~Rr·f.H ... 
PUPLP: LGL RIRL 

it 
I 

r~ltJ2 SFH·,Sf::l1.. 
IC61 RIRL,RiRL 
I;~ ,G " 

CL ~~RIRL 
JiRF popLp" 

1RIRL=FIRST G CUNSTANT 
:~ET UP' G-RtGlSTER 
,1N~UT REGI$T~R-AND IN 
;lNCRtMtNT G CONSJAN(--- ' ...... " 

;L!3 If f)ONE 
; •. )l} 1'1 P - IF' NO r !.) 0 N t: 
;JUMp TO 00·FCA~S AND 

.. .. " .... 

1 I NTH E r\ A I N COUE THE ENUING CUUE U~EU 15 AS FOLLOWS; 
l"l.)C 

1 T :) T " : S 13 F 
M1'lF 

103ij " . -
RIRC,R1RL,,~5VC ~CLlAH C fLAG 
G,G" .' :trrfCT' FLAGS 
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E. j'~ 0 

Care ~ust be exercisen ~ot to r8de f i n e a~y of the symools in the. at~ 

tached list, as this can ~eswlt in an erroneous assem01V. These SYm­
bols Bre the C'ies use(j Oy t11e piJrameter f11e, ~JCA~[".MAC~ 

c 
CO 
C~ 

C8 
DUP 
DOP 1, 

OOPCO() 
G" .. -

GH' 
GL 
I tJ 

I:' 
16 
J()p 
JDPl 
Je)PCUD 
t. t3 ' 
Lee 
1 ... 1 r up 
LOP'1 
LOPCOIJ 
Lt~h~'- . 

N 
NB 
PC 
PCrl 
pel 
RBA 

R t3A L 
ROS'l 
RosiH 
R!JSTL 

~:.~! k~ () ~.~ (j ~ j 

~-) ~~ ~'3 V] (~. 1 
¥! ~:. C U 0~; 
0~~C;')L;1 

!-'1 U ~:: U ~J 2 
U b ::l~) D 4 

~} Lt ;:~ ~r~ ~) 1 
(1 v~ G:~ ~j .$ 

. QVClt~ikj.1 
~:. ~.'; ;~ ,; 1 0 

i:i'3v) 11 
v; i( '2 ~:.: 1 6 
~3~} [:i d VI 2. 
~" {} C :.:') (,) .& 
(~ {I; f1 ),~: ~/; 2 
(; 1 \:_~ .r·1 :~,:') ;,.::J 6 
}~ !ft ~: i..: i; ;;, 

r<IR 
R 1 kt1 

HIRL 
R 11 I}, 
f~ fJ S 1'1 

k P S X ri 
RPSV·ll.. 
RSf~C 

:-(~)~<CH 

RSRCL 
HSVC 
SU 
ti2 
5.3 
S4 
S5 

't56 
S7 
SUP 
S tJP t 

SP 
5PH 
SI--l L 
TGb 
l ria 
u t~ 
UbC 
V 
l 
2d 

~~ i£:i U ~\ 1 0 
0,~) ~Hj 1 1 
k:j~; 10 0 1 i) 
00~H:HiH~ 
~~!'~kHJ12 

(() ~i ~ (.:l 1 "3 
0- k) i·j ~i 1 2 
~Jl:.; i.J 10 c.-:I !! 
(.~V,;\:~~i~5 

0~j~H?04 

0~:kJ0()2 

D (.J v S Yj 0 
~1 '/) i6 f~ 

U\)~jC~;o 

Vj ~:;, ~:j k) 1 0 
01i;(tJ~:12 

0~/0VJ 1 t4 
0\i10vJlb 

~H~' 09; 1 {4 

o'; (3 ~j 1 5 
Iii y) kHJ 1 4 
~jb0iL!'~ 1 
~U0Q:i2l1 
o >,1 Vi ~J ~'l ~1 
vJ\(1~10L~2 

o v] ~1I(! \~ 2 
i(j t,~ ~j ~,1 k} £.+ 

(-'l ;t; ~1 1 !Zh3 
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~;O ~/· .. 9 II 1 ~~ w Ou~~y Directives 

T ti E. (- U L L 0 ,.; t ;~ G 0 1 R t ( T r v t Ja. R t ACe E P T t: () K. '( T r1 t iii 1 C R 0 .<\ S :s E M [3 L r. R T 0 K t~ E P 
~ .. 

C 0 t,~ 1.J uTI f., L t:. \.l.; .l i H S U u ;~ C t. F 1 L t.:. ~, P H E V r 0 U SLY F t,,' t. P A. R t D f· 0 k THE S Y S rEM 
1 ~j ~'I r c. fH) A ~) S t. ~" t-: L, t F( ( U 1 1 "i'l At:) II The s e (j 1 r e c t ; v e s d 0 f"\ 0 . pro due e' a f"I Y 
code,6r hav~ any ~ftect o~ the ~8Sembly, 

tHPTy2 

tMPTY3 

fRAN 

7 • 1 ~ t.) ~ COD l S U i'! f-' A? YIN iJ t:; TAL. ;~ N D H t X R AO 1 C t: s 

e The octal value is listed first ar.cj then the hex value ;s given in 

"C) 

paren~hes1s~ ~dd one to the stat~d value for the opcooe that affects 
th.e ·flaqs. 

0~'(0)·ril>~.JiIP 

0/.~C~~1)"'RF~ 
1 ( 1 J ~J X ~ -
2(2) ..... AL 
3(3j~CL 
4(4J-NL 
5C S ).dl, 
6(6J~~L 

2 i~ 0 \ F,HJ ) ""t i,,1 !-3 

2 0 2 ( 8 t?) " .. ~"i ~'j 

2'VJ t B{J) .... C\-i6 
2 u 6 ( [~ 6 ) .. C l'~ ti 
210(88)"",st.SC 
2 i 2 ( 6 ,4 ) '0 S L ~'I t 
21IJl(~C)4WS!",d-
216 (8E.) ""t)l..~·i 

2 6 ,Zl l h v1 ) ~ S I:' 
2b2lf~2)""S\·"i 
2 6 fJ ( b it ) '" C b 
2 6 bet; I') ) ".. C ,~ 
2·10[b;:J)~~5t.:iC 
2 7 2 ( t) A. ) ".. S .\'/ C 
274 (1'?:C) ".Gb.1 
2 " b ( e f~. ) ,.,.1) \': 1 . 

1 b J ( n) ) .... rHo' 
161(71)-lOSF 
162(72)""CCr 
It).)( 73) ,.,t~CF· 
1 {) ~ (714 ) "" R 'T S R 
lel~:;(75)mt~G[ 

16b(16)'WCld 
lb7(77)~C()t3 

22':1{ 9;1) ""lCel 

2 2 <~ ( 9 2 J ". 1 C Pi 1 
i:2 f-+C 9 (t)""lC r32 
d26(9~»)'''''lC\~2 

2 OS <' ('~ B j ~ reB 
,~ .3 2 ( g A. ) "" r C \'; 
!'3:-4 (9C) ", .. UCB 
2 _; b ( (1 E ) - tJ C )~ 

,3 vHj ( C :il) "'" r~ 8 
;0c((:(~)""NH 
3 .. :).:l(CLJ)""'TB 
.) ~., IS ( C 6 ) ~ r ~J 
.$ti}(teJ\!~Uktj 
!:. 1 2 ( C .i\ ) "" U,r(\i,J 

.S 1/~ ( t C) "':9 X b 
~$ 1 tJ ( C E )...:< ~"i 

1'7~J(18)~ 

171(79)"" 
1 7'2 C 7A)" 
1'l3C!'d) .. 
11 f.1 ( -/ C ) "" 
17S(lD)u 
176(fE) ... 
177(lf)· 

2 4 ~j ( i\ /J ) '" A t3 
2 I.. 2 ( !:} ~ ) «» A i~ 
2t;.L.J(,it:.J) ... CA6 
2 q 6 ( ~'l 6 ) ... C ~\ ~'J 

2SkJ(.\b) .. AeC 
(~ :.; 2 ( ~~ A ) .. A ','oj C 
2 S tJ ( A. C ) .. CAD 
2~6(A£)-CAI(CA~I) 

. - . 

3c~~) (lh~) .... NCB 

322(b~2)''''rH:~'i 
:~ 2 i~ ( t) w )... -
326 {0t)'f:lI 
~~ .3~) ( I) (~ ) "It' S i~ (-3 C 
'3 :;;:: ( U A ) "'" S i~ \~ C 
3 ~~ 1.1 ( t? r.: ) '" S i--? e -
5.31'> (Lit) ~SRw 
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34n(t~v))'!!tlH 

31.12lLZJ .... r..; 
3 I~ 4 ( t l~ ) ". I ;j \3 
3(./ 6 ( l t) ) ... r :j ~; 

3~)2(ttl)ft 

3 5 IJ ( E C ) .. r'j 1 
:S56(Et)-l.l~' 

~~ t) Ie: ( r (/~ ) ". ~( 1 u 1 
.s61(~1)"·Hldl 
5 b (! ( F i:.? ) ~ 'i 1 \<j 1 
j t-; .s ( ~ 3) at '.A/ I ~'~ 1 
~6':4(~/4)"'~ld2 
:) (') S ( r 5 ) ... \;i I d 2 
j 6 0 ( }- 6 ) ~ .. ~ 1 ~ji 2 
.) f: I ( F' 7 ) OIl vi I ','i 2 

31~1(t·c) ... r:< 

~; 7 1 ( r "1 ) .... ~ 
372 (f',,\) .... RA 
3 '7 3 ( r tn ... ;,\j A 
~S7Ij(~(;) ... Qd 

:5 1 5 ( t, \) ) .... U \~ 
31b(r·t.) .... U:3 
.5 .,., ( ~,~ ) "'" i''i uP 

M 
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8,2.2 uecco1~g the user Machine Instructions 

f3 fI 2 I) IJ f: x e C '.J t iii:;'; t. h (; L) s e r Hac t1 i n e 1 f"\ S t r u (; t ion s 

• 
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rtcr-;I/l:.HJt:.S 
. '. 

the 

8 " 3 U :::; t K ': 1 C r~ 0 P i-< U G ~". ;. "i i'~ ! i·; i; f~ ;'i r (~"( ;\1 .. <1:: .\ 
- ."~. 

T ~1 f.. U :S E. k ;1 I C ii U~;' h: 0 G F .1\ r ~ AI, i jx; G E N T i~ '( A t~ E ~\ I S L. U C A. T r. lJ ATe 0 N T R 0 L. S r a K E ;-1 I ~ 
C R (] f" D [) 1~ t" S S 1:. :; , U '1 ~) ~ 5 C .: ;~ 1 ; ~ C L U S 1 V t ~ C U i\ T R U L. U F -r H c: !,~ 1 (.: F, U if: A C }1 I j\j E r s 
T t< ~,. i'< S ~ l: ,~ f~ t 8 T i.) I r' E.:. : . .; I (>< fj ~d) :-(:) ,~) r u ;:;: t. A T T r1 E :) t Lac A T r U ,'J 3 . U;",-/ D t: i~ I) 1 r F t. P lJd 
c u ~~ I) I 'r I U ~.: ;) (I ;:".) [x eLf. t I"~ t. D I j'-J T HIS S f.:. C T 1 U Ii III I N - T H {: 1\) 0 K t·; ~ lAp P LIt; A T I UN; 
NUT . ALL E f\i T i": Y f.;. ~~ E t\ L C l. .\ " I () '\) 3 ,:i.t l L b f. urI L .l Z t_ D. - T H t 5 f. - L U CAT 1 0 :'J S -S f-j 0 tj l u 
BtL U tl. D l-. [) 'N I T H r ~.~ L :~ L L ~. l t !..( U I" 1 C fi (.~ .: i) k D, ~'; H J. C } l -I H E - i\ .l C k P ;i (; C E S S (j R I :\J T t: 1-< f~ 
P HE., S ~ S :.. ,J"~ ~l 0. \', 1 T h T; i I s P t.; E F .\}~ All 0 f I, - 1\ i j Y .1 N ;'; 1) V t f~ t f.>'4 T - :. T T EJ~ P T -- T U 
E ~iT t:. R T ~:j E U S [ ~ l 0 i'; T K Cj L .4 l·ft:. A ;\ ILL d [. H A f"~ l) L. LOA S A ;~ L:) [ l~ V t D I i'i S T PuC f .r UN, 
~~ H 1(, H C.~ U :.; E SA! K J-~ P T U l S -1 ~ 1 1· V leT () ~~ . I.. 0 C r~ -r I U 1'J ! \',1 o· --- - - . 

N (J T t T ~i .\ T )1; ~~ f. j.j U 5 1 i-j G ~ t) {) r( t ~) ~) I r; C; f-; Q D t, 1 ~ ThE E 1\1 r H Y ~\ }.( E. A 

ArT r1~_ rj E G I \~ !" 1;·: G . U F \'; r~ I f- F. sH\l~ t: c u i-~ r p U L S rOtH: .~~A G I: 1. 
T i u i\) ~~ U'i H ~\ L L Y 0 Leu PIt ;~) :'1 r C F( U :~ !) i) f\ E:) S f:. S 2 \;j ('; :,~:; ." 2.., 7 "7 au T - I.) 
~'J.t:' ti,:.'uIFt.)t:D ~:Y~Tt.1-:~ - TilE - tHC:,~UPkt.JGkt\I'\\~t='l< C",\).jI':A,r<.t ·u~t 
S~AlE ~lTh CEhrAI~ ~Esr~ICTIO~s (~EE S~Crl0~ 8.12~lJ~-
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peFto~~ a J~p 0 microinstrwction to trap to L51~11 ve~tor 10. 
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C) r r) err i C i" C i 1j 5 t r I.j C t ; 0 r"l ;:" Q c i fie a t 1 0 n tee I"l ij ; () IJ e a 1 ,1 0 \;.: sus t::; r Q ~ C 0 () A S to be 
o e c 0 :,i ~ (1 f, U C 1"1 '( (3 S t I:: r t e S D >:? C ; 'C) 1 I Y \.oj her: ,:,) 1 a r q e n LJ :1' t.} e r 0 f ej e cis; 0 r~ S CJ t e 
nee e ~~ 5 ,j r 'I l 'r h ; s tee f'\ ~1 ; q u (3 (: f r e c t ; vel y (; s est h e 1 0 ,,~e r C y teo f t r) e (; f) ",,' 

chi n e 0 pee ~j e (:~ s ~. <) t, t 0 f t t"!!~ ~l~ i c f'" 0 a 0 ,~j t' t:? S S ~ 0 r' t ; 0 n \) fan l.l r~ ( 0 n (j ; t ion d 1 
j U (:'. C 'I· ; C r c) i ~i :3 t r (j C t i 0 1': : 1 t') e 0 ~:: C I'" at; .) n 0 f the ~', 0 ~1 ; f Y r< ; C i 0" II S t 'r u (; t ; () r"l 
( r~ "': ) fr, i c: r- \) 1 r s t f" U C t ; () n ; s dis c u sse (i inC hap tel' iJ Q T tl e t,~ 0 r'~.i c r 0 ,i I!'" 

s t i" U C t , 0 n S e 0 ~l en c e : 

~\/ ,,\ 
I, I o :~ 1 f'4 T ri E D 1 SPA r C 1"1 li FrS t. T 

~'\ i'H) J U r·l p r (J T I·; r:. H U urI N t: 

= :a 



_'\t't ["fir'; I'"~ 

" 

r) I" C Q lJ C e S ,J:"'I U r' CO j"l 'j , t ; 'J n A 1 j u "~~.' ,'1", ; c roC! c j r e :; S f <) I" ~ edt) y t (') e o eft .. ~ e co, .... t (' r. t ~; of ;; ~j ~it'i ; t ~~ I , ("l this c.:' S (~f ,~ ~ 11 C '>'! r: 'I e r I 

usc ,-' :,... ; t ~ t n e .J ;/, P , n s t r' 'J C t ; 0 q i~; not res t ric t <.: (1 t 0 ~1, 

logiCdl OH 
the 8r~]qmefit 

The fin~' ~rrle~nntJtion of this technique uses only the low byte 01 
the T(. a chi n;:; , r\ S t ! U c t ion r c·:; , s t e r , ' ... i M i Chi ~~ 3 t (.I reO ; (1 ;~ 11~ ti a 1"\ d the And 
1 ; t C r ~ 1 (!>. L) 11 i ( i 0 ; n q t f" U C t ; 0 r, ,n a !J ~ S 0 f f a1 1 b :..1 t t h ~ , 0 ':" e r' - s i)( bit s 0 f 
the c , ... C (') 'J C , n f~ 1 F ~-~ • f'·l 0 t e t ~1 ~1 t ~ P S .'t Leo n t air. S : l 1 1 Z 0 roe. S lj r; 0 n € n try 0 f 
the CQnt~ol ~tCr0 (sec ~ect'o, H4b.5~7), The ~rgU0ent of the JMP 1n~ 
s t r lJ Ct.; () r: 1 SCi, -"j ti 9 ens 0 t h '.1 t ; t 6 s t <J b 1 ; S I~ e sat) a sea (j d j e ':t s ~..j; t h i nth e 
rn i c r 0 .) e.i . ..i res s ran ~·1 f:' ,If the use r 0 pee ('1 est 0 C) e a e C (') <J e c1 c.: res 0 q L) e I,) t ; 0 1 " 
a i U r', C' () r -:1; sea t c:~ t·3 ole ; 3 r (~ (J l.J ; r e j tot r £) Ii S f 0. reo Ii t r 0 ito the a p pro "II 
p rid t E ~ Co '.J t ; res ilO T M ~ S e r .:: q 0. i f' e ir e 1'1 t;, are ; 1 1 U 5 t rat ed' nth e f 0 1 1 0 ~1 i n 9 
GXc);";'P 1 e: 

OECIJDt: 

DCJ: 
Dc.; 1 ; 

CL 
J L i.~ 
J: .. ;p 

~'i Q 
, I 

;.. ... i.'" 

CL 
J L5\(J 
I ... L 
:,~ ~'1 

J I-"~p 
Jr'ip 
Ji'';D 

1 7 S f ;~ ll~ L. 
DCl , 
·f.~l~H/~-<I!-?L 
3.,: ,) ; t~ J. R C. 
.3 .J ~: ! I~ 1. H L 

7 7 , R I i< H 

f~P~5"'L~ R.IRH 

uP ~j~ 
o ~ ~,) 1 
o P ~~I 2 

IS IT A LEGAL U~tR UPCOuE1 
t'1AYdE 

; 1 F" r" 0 T, T I~ APr u V [C T 0 ~~ 1 (J . 

;-

COpy THt ~I BYlt 
~11.\;3 r<. U F f I~ L l.. b l) T 2 Ii I. 1.1'1 T ~ 
lSI T A --. L f: GA l. (} p COl) 2 . 
NO, GO Tt.(AP . 
MAS< ALL bUr LU~ER 6 bITS 
LU UYTE Cr' lP 

1ST U SE t~ OP 
2r~D UStR UP 
3!~O USEr( UP 

In th{s ex~~ple, the starting .m i croaddreS5 of the jumD table is 3200 
oct a 1 ~ I·: i ere I;: (1 r. r i nee 0 n t (" 0 1 i s t r i~~ nSf err e d 1') e r f2 ~ f'l <':? 11 d fi:;) C /1 i n 0 0 D cod e 
of 07bl~: 1$ OeC0dec, control is suu5eau~ntly tran~f~rre6 to mic~oad~ 
d i" e sSe I,::; / ? r: 1", e t e t h ~ m1 c f' ,) i--; ,. 0 Q r a ,on a p pro~:- r ; i) t e tot h e f: Y. {~ C ~j t ; 0 n' () or t h ~ 
016!~J ~achi~e cpCCae is st6re6. ~bte that thOre is a check for res a 

e r v eo' 0 p C v () e S ~ e r t err: c; d t i j' .':; t (s (? C 5 e ~ t ; 0 n B \l I~) , 

tl I..) n ; v e f' (, ;3 1 ;-.) t t r i \') lJ t l:) 0 t c:) 1 1 LSi ." 1 1. ci a t a (I; 2l Ii ; p '..J 1 ,J t ; 0 r) ;'( a eM; n e i rl s t f" U C >,~ 

ticns is that the~ al low very fle~i~le ;perand aadressi~g~ l~ the de· 
s i ? I) f) f n G ..... ,.,. de h , n e ins t I'" '.J C t ; 0 n s , t h (} r.~ ; r. r (1 D r 0 9 I" <) :"l'! rt e f" rf; lJ S t p r' 0 v ; (j e 

G 0 ~C', 0 r. v: (1 r; S of' 0 r () e 1 1 V I':; r i r'l .:~ t Ii t: 0 Per:' rt d s tot r· S rr' i c r 0 01 fJ C ~ , he f () r pro .... 
c e s s 1 I~ ~J ,. S ; n C f' G {! ;.~' (; f. t i"j~} ;;, C r C) 0 r 0 ~; f" d:l. ";1 e r 11':5 J () d 1 3 i s t () 0 p t i (11 i i~ e .) 
<':i 0 {': C i f- i eta r :~ f: tofu I'. C t i 0 r'i I 'J t eta 1 ~! (; n e i 21 i t 'I , r~ 0 p e [' .:) ~ 0 i-) c; d res s i r"t r;~ 'i~) 
uSlJd11 y ["lOt' tlesi f'ec~ FUI"th;')r,l"';oje, gen:;;rdl i zed (Jccr:':Ji'\('J ;J(J(jr('~>~inq 

woui~ U~0 ~'CrC0rC~r~~ s~ilce.whic~ may be more profit~biy dedicated to 
':'::'0 e x e Cut ; \) t'l 1~1 ; C t (; C (1 (.j f' Of 

:a_wait: UaaSiiiIJii! ; 



'\'iritttr ,*bt'.ndHWritbrrt ;u '"HI # hid'd ij' t· 't 'PttH' H' , 

1-11 C i-\ 0 ~,] fo( :j l;!-i ,0. 'ij ~"i 1 ~i l:7 r t C H l\,J 1 :J U ~:, S 
. . 

The general ajdressinq info~mation c~n be fixeD at the time of micro­
pro q r d (;'i a~., S E: r, e 1 'y • 1 nth i s c 0 5 f::? the use 1" n' a chi f'~ e , n s t /'" U c t ; 0 n W 0 U 1 (j e!le lOW 

pect to fina ~ts input Ooera"ds at a 0reoef in e Q location and would de p 

liver the preCesSed results or o~tPut opera~d to a' P~e~efined 10ca­
tiori. ~reaef1ne~ incut and owtout operandS maY be located either' in 
the LSI"11 ~:~r<.,~cess()j r<scJistel"'S (!-<,~-Rl) ot' in LSl"'11 mdChir'le m(~mory. 
S ; !"1 C e t r1 £; :); C S In .~ ~ 0 I" yeo Ii t d 'j 11 5 0 nl "I !t C () n t r 0 1 s t (l r e "i n fOr mat i 0 f' lit may 
n6t contai~ ~lther input (source) Or output (desti n ati6n) operan~s. 
Predef,ned ~ac~,ne ~pmOry ajdr~ss information ,~ stored within t~~ mi· 
c r 0 pro (J t' a rn v i A the L 0 ~ d lit f? f'! a 1 (L L.) rn ; c r 0 i ("I S t ',.. \J C t ; 0 n ~" . 

8.5.2 kegister Qoerand Aodressin9 

The fOrmat of user~aefi~e0 machine instructions is f,xed e~cePt fOr 
the 10~cr 6 bits of the OPcOde~ If aOdress1ng m00es similar to the 
LSI ~ 11 ·11 A C h ; ~ e ins t r \"J C t 1 0 n~) d r e t1 e S ; red; t h t~ " r'I S trw C t ; 0 n ' f i, r s t IT' us t' 
have an a0d~t~onal wor~ (i~ the next suc6essive memOrY location) to 
CO" t' air" the ; n f 0 rf, at,' 0 nat t e f~ the ; 1"\ ; t ; a l ; n s t rue t ; 0 n ' f etc n , t h 1 S $ U C .­
CeSSiVe Word can be fetChed with the automatic leading of' the G regiS­
ter by ci,ts <b;6>9 Reference to the oescriot1 0 n of 'the Input 'wbrd 
(!w) micrOinstruction, will show that G register loa01ng is' one of its 
specificable cptions~ Th~ machine instruction fetch operand which' is 
par~ of the base mlcr o 60 0e s0e6ifies tha~ the source r~g~ste~ ~ddress 
i A fOr 11', Z1 t ; 0 f') (t~ its b ". fq bel C ,H:l e (j i n tot h e G r e '1 ; s t e ',., !'J r ; 9 u r e 8; 3 f 1 *II 

1 u s t r;~ t. f~ S t h € r v.1 e p 1 aye (1 b y b 1 t:~ < d : 6 > i n for if! 1 l"'l 9 the "> S 0 tJ r ceo per ~) n d 
for a"double ope~and instructioM~ . . -

AS further notea 1~ Ffqu~e 8. S, the lowest 3 bits of the user machine 
OpCOOf:~ <2;/> (corrBspond,i,.,q to a d€:~$titiat;OF' j<\e91ster), ~~y alsO'be· 
10a 000 into the G reQister, but onlY by eXecution Of the ~oad G (He~ 
9 i s t €: r ) L (') 10, (L. i.' L J 1': 1 C r 0 ins t i~ l.J C til? n ,. T h. e a v ;:) ;1 a b ; 1 i t y 0 f t his a n (1 th e 
previous reqi~ter o~era~d 0ddress1n9 technique wi 11 f?c1 lit~te ~per~nd 
address'ng -wnicM is similar to that used bY the L~ldl~ machine in­
strtJctions. 

The micropro9rA~mcr has the OPtion of 1mpleme~ting whatever operand 
~jd(if'€'ssii"'g mOGes dl"'e desired, but total qeti~;rality is generally not 
f e t1 sit, 1 e \J s ~ (1 t 0 i'" 9 ~ n e r i~ 1 a (j q r e ~ sin 9 rr. () (j P. cal c u 1 a t 1 0 n S $ T h ; s . i s be'" 
caus~ the base ~iCrocooe i~ integrally oes19neo with the-C~~trol chip 
t r a r1 Sid t' 1 0 n a i" r i) y a ("I ej' t r~ f~ res ~J 1 t ; r' 9 - fi1 ; C r 0 i 11 S t r \J C ti 0 n s (~ q ~J e nee s are not 
a va' 1 d b I e f 0,.. U S !;'\ r';' I\'! i c r 0 p r () J , ... ) i1i rn ; n 9 • . , 

i.?l 
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IJefin;ng The Il"lstrwct;on 

T~e first ster 1n ereat1ng a new ~ac~ine instrwction is to define as 
precisely as cossibie e~a6tlY what functions the i~struct,on ~s sup· 
posed to ac~o~olish~ One approach which is an aid to oef1Mition is to 
oro -.:1 ram t h ~~ 'd e s ; r e () f \J r. C t ion 5 - ; nth e L S l .... 1 los s e :(\ b 1 y 1 Q I"'l 9 u a q e , T h ; S 

appro~cn wS0al1y ~i 11 BJs6 reveal the suitaoi lity of miCop~ogramming 
t 0 ~ c ': 0 I!' P 1 ish a des ire (j C" 1 1 e c t ; () 1 0 f fun C t ion s • - - '.., 

The r~Quire~c~ts fOr instruction docume~tation will vary with the na~ 

tUr e of the functions prOv~ded, Data manioul~tio~ i~structions wh1~h 
only procesi oata and perfo~m no micromachirie 1/U a~e orooably ~he 
s1mrlest to ~ocument~ ~uch i~str~cti6ns woul~ ~ccept a~ in~ut' dat~ 
whith is already located ~n processor regi&ters~" lhe output d~t~ 
woulo ~ls6 ped~00s1ted in a ~rOcessor regi~ter as op6osed to a mem6r~ 
or 6~vice 10c8t1on~ " 

At the opposit~ e~treme are user machine instructions which are in w 

tenoed fo~ a real time co~trQl and 1/0 enviro~ment. These instruc-
t ; e." n s ;,./ 0 U I d rn .£< it:. e use () fda t <3 ~) C C e SSm ; C r 0 inS t rue t ; 0 i"I S a r'\ ("1 c1 1 s <:> the 
cont~ol ca~e~i litv Of ih~ iwo TTL control bit fielcs,'MI<2i:18> a~d 
Hl<~3=22>~ln this context, timi~g and sequenc~ng info~rnation waG,o 
oe essefitial,. 

It should be rem€mbered that the designer COr ~1croproqrammer) of the 
new maChine i~strurtion ~ay not always be the u~er. 1" this c~se, do· 
CUmen~ation fo F t~e ~ew instruction"ShoUld be ~s Co~olete as Possible. 
Sue h' (j 0 cum e rt t cl t ; 0 rI ; f~ C 1 u (j e s 1 n for mat ion 0 n. i n put a fi (j - "iJ t put 0 per a n ~j $ , 

res ~,J 1 t ,3 n t P ::s i\i C () 1"1 (ii t i 0 f") C 0 'j u f 1 a 9 s for all Po 5 S ; b. 1 e 5 ,1 t U at; 0 n s,· ? n d 
execution ti~ing fOr all pOssible sttua~1ons, ' 

t;.o.3 le:r;p()r~ry Flag use 
~ -

Dur1ng the execution of user-designed machine instructions it is often 
nee e s s d r~ Y t () i~\ Co r); to j A l.lJ res u 1 t S!t T' he 5 ern S LJ 1 t s are a va; 1 a b 1 e v i a the 
status bit ~nd ccnditi6n co~e flag register and m~y b~ ~sed to e~fect 
micrOprogram control via the conditional Jump ~iCroinstructions, 
H6 wever, w~en tne machine- instruction'S" op~~at1onS ha~e been Comblet Q 

e d f " a (:;;J ; t ; a n ~ 1 (n ; c r Q i fj S t 1"' U c t" i (') n s m ~ y nee d t 0 b t~ use d t 0 U P a ate the 
Pro~; (] oS 'lor S t. a t iJ S '-'lor deC ~ '-,:1 ; t ; 0 Fi ~ 1 COd ~ t 1 ? 9 , ( iJ I Z , C II V ~ • r t 1'n U S t b e 
renH'r"Of'red t"~·it tflr'; P5.J rC:'i1deS in a microproCessor reqister oF'\(1 that' 
it 15 D~rtial1y s~parateo fro~ t~e ~LU flag register. The ~tcroprO$ 



.... s.tyyw'*'! ... C Ii. '¥ri" ",-=,±rfflH t ,~ #-tblf +ddJt66LdtllfrtW i dH+P'" IrH"lf 

gram~er must decide ~hut PS~ flag 
eration·s executed and prO~'de for 

states accu~atelv represent 
their imple~entation. 

8,6,4 Executing Machine~level 110 Operations 

the op .... 

The ~icropr~qram~Gr hJ5 comPlete tree~om in 1m~lement1n9 a~y of the 5 
possible m~chine_lev~l I/U operatio~s (OAri, DATO, 0Al0~,OATIOI UA. 
rlOt;) ~s part Of :1 nE'w·rlC)cr!p·'l(~ 1nstructicn" - It"l- deSigt~;ng the 1/0 por­
tion of t~e instruction,t~e operator shoulc maKe oeta11ed reference to 
Cha~ter 5. All 1/0 oCeration S other than In¢ut Status, and Output 
Status, require a response from a sy~te~ bus oevice and effectiv~lY 
traMste~ Cont~ol outside the proc~ssor, Under normal ConditiOM~' a 
f" 0 ~ .... r' e $ P 0 r'i d i r. 9 b· l~ S q e v , c e ~-.j ; 1 1 C e use a b w s e f" r 0 r t rap. T 1'\ em; C i" pro .;.. 
gra~~er ~US~ reCognize the Po3sibi lity ~f no~_resPond'ng bus devices 
and~ot val10ate an~ System conventions (e,g~, regist~r designation~). 

8.o84~1 8us trror rrac control W The sOYrce ocerana scratch ~egister 
(HSkC) is used i~ tase microcod~ to hold ve6tor values When tr~p or 
inter~vDt operations a~e performed. The miCr oor09ra mmer can Create 
specialtra~ ve~tors.· " 

C~A1CH REGISTtR USA~E 

M3ny orOcesses rPouire sCratch register space 1n which to store inter-
'. . . 

meo ,;3t€ r 8 S LJ l t S1 T~1;S section (j;'';;Cl,ISSf)S the fUnction. Of ea~n register 
cO~taincd in the mi·crOorocessOr data chip and the conditions under 
which it ~ay De used by the user~~1~roprC~r~mmer. . 

8,6.S~1 80urce uoerano Register ~ The sOurce Operand register may be 
y s e ij of () r s ~ r·~ t C h . s tor e d lJ I'" ; n 9 rn i ~ F 6 Q r 0 ;~ r ~!'(! e)( t~ cut ; (1 n • I t Ii! a y tJ e 1 eft" 
in ~~y state at the conclusion of the user ~icropro~r~m, 

8Gb~5.2 u€st1nation Uper~nd Register (HOST) ~ The desti~at1on operand 
repl ster "dY 6e usee f;1'" 9~r~tch stora~e"auri~9 mfCr~prOgr~m exe~u­
tio~~ It may be left in any state ~t theconclWsion of the user mi­
C 1" 0 t:.:. r 0 9 f" a In II 

:.'UliA 
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8.6~5~~ Instruction Register eRIk) ~ EverY machine instruction, 
whether stJ~QarC or user w 0esigned, is loaded into the ,rstruction re~ 

gister ~s pdrt of the macnine instruction" fetc n operation~ It should 
b e i ;:; 11; e rr' C ere .j t h 3 t t r'l e I 0 1-, C Y teo f the rr. a Chi r"I e ; n ~3 t rue t i 0 1"1 ; s loa d e d 
into the high byte of the instruction register, (klkrl), Similarly, 
the high bytn of the machine ~nstruction is loaded ~n~o the l~w byte 
oft h e ins t rue t 1 0 n r e q i s t \:~ ,.. " ( [{ I R L ) • T h ; s b Y t e ,,,. S \.>4 ~) 0 I:) e d loa 0 ; i"l 9 ; s 
performed to facilitate transiat10n oceration cperati6n~ in the LSI~11 

, - -

It can happen that the user opCOde trans~1ts no i~formation to the mi­
Cro~achine, In tMis case, its only purpose is to transfe~ microma­
chi"e Control to the appr~oriate microprogram. The microprogr~m' ~~y 
then use t~e upcer' an~ 16~er byte of" RIR for s~ratch storage. 
Ho'..jev?".:r"~ kIfi' Goes h(::iv~~ specific LJses \..yhel"'l Comm iJ n icdt i n9 w1th our mi .. 
croco~e, as expla1n~d in ~ect1on ti.7, " 

8wb.5.~ Hus ~0~ress ~egtster (RbAl " The microprocessor bus address 
reglster is generally used to store the system nus address r~qu~red 'in 
mOst oAta access 6~erat1o~. Tnis regist~r has no a~x11 1iarY f~~ct1on 
of '~pOrtance ana' ~an be used fo~ scratch space ouring-~icrOpr6g~am 
eXeCwt1Qr", and it can be left in any stqte at the conclusion 6f the 
user ~icropr09r?m. 

8,6e6 scratch ~egister Usage 

Many processes require scratch register spRce ~n which to store 1nter~ 

il1 ':.,: (j i Gte res q 1 t S ~ lh ; sse c t ; 0 n dis C W sse s the f iJ net 1 Q n 0 f e ~3 c h r e 9 ; s t e ,. 
COli t a in;; d ; nth (~ 11 i c r Q pro c e s s 0 r d a t i~ C h , p ~) n d the Con d; ti 0 n S l.J n d e r . 
which itmav be useo by t~e m~crcprbgra~m, " 

8$b~6~1 LSI~11 Processor Registers (R0·R~) ~ The LSI-Il processor 
9 e f"l e r ~ I ~' w reo S ere 9 ; s t c r s ~~ (.1 t h r 0 u 9 h f~ 5 5 r, 0 u 1 d f") 0 t be' . use d f. 0 r 5 era t c h 
storage. lhe main reason is tnat arquments relating to other 
Of"ocess,?s '3!"<:' "'lor lTl al1v stol"'eCI here and sh o ul(j fiot be' modified or des ... 
trOved oy e~ecution of a user machine instruct~on. 

If t~e ne~ lnstruct10n uses the general purpose registers for operand 
tr0~snissl0n, there may be opportunity for"scratch space at an i~t~r­
me d 1 at e stage Of eXecution, For e~amPle, the' regi$ter WhiCh will 
eve~tual 1y contain the output-oDera~d may be uSed for scratch' purpOSe$ 
as lon9 as such LJSe does !"lot (Jest I"'oy !'"'1er:-::ded '(J,)tAe ' 

Anot h 0r reason ter avoiding R~ through R~ as Scratch space is that 
the v car! 0 r'll Y r ... :- E' e d G r Q sse cj ; n '":;i tee t 1 Y A C () n ~; f~ q lJ e n t 1 y , the'; I"'l d, r e eta d ... 
dress~~q G registor must be loaded with epprop r 1ate values, requ1r~ng 
ext r.;) ;"(1 i C r 0 i r- s t i I,J C t i 0 Ii $ • D i ,,;) C t 1 y add res sed !1~ i I; r 0 pro c.; e s so r reg; s t e r 

, , 

aa Wi. 
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806.6~2 LS1~11 Et~c~ Pointer (Rb) ~nd Program Counter (~7) - The 
stac~ pOinter ana program counter sh6ula never be used as scratch res 
gisters" 

8~b,be3 ~rOcessor status word Register (RPS~J· rhe microcrocessor 
reg;stf~r C.::llleO kP~,'~ ~ctu('lIY c07")tr;(HJtes onlY (I bits tc the PS\iithat 
is ~i3aole io'the conventional ~ach1Memlevel Programmer, PSw' <7:4> 
are stored 1n RP~~H<7:4>. lhe lower 4 bits Of HPS~H are replaced'by 
the fowr connition caaes of t~e ALU flag register'wheA ~ MFPS' maih1ne 
instructi6n is' executeo (see Section B.8)a Tne lower byte of HP~W' i~ 
aedicAteo to the use of the hus errOr flag register. Each bit slgn1-
fie~ '6 specific bus errOr context andkP~~L' is inspe~ted when ~ bus 
error OCCUrS to determine aop~opriate recov~rY measures~ 

RPS~L may be used as tempor~ry scratch stOrage only if no data access 
oeprat1ons are be1ng e~ec~ted~ howeve~, befOre a O~ta 3cce~s o~eraa 
tion'is initiated, ~PS~~ must be loaoed with dl1 ze~os.- Note -that 
t~is re9~ster 'wi 11 al~ays contain all zeros upon entry to the user 
control store. 

8,6,7 Creation and use of Arbitrary ~lags 

e Al"ly ot the ava; l·jolf; sCr~tch reqisters maYbe lJsed (.)s an tlroitrarv 
flag reg1ster~ The ~e~ntnq of each of the 8 bits in a byte"regts~er 
'tJ1 1 , t,,~ ce"tf,::rm 1 ,.,e(j" DV the rr;;Cl"oorOfJra{:':ii1er .. .As d first step in arb1 .. 
tra~y flag register usage, the register should either ~e 61ear~d or 
set t 0 a ,,- i Ii i t i ~ 1 v ~) 1 U e b Y d L 0 ? d L ; t e r ? 1 m 1 c r Q ; "s t r u ~ t ion • 

80b.7.1 setttno a~ Arhitrary Flag ~ An imPort~nt re6uireme~t in set· 
ti~g a f169 i~ ~sual ly to not ~1s~urb any other 11a18 in the register. 
T "11; s i~ e y (j e ace 0 m!? 1 i ~'i h e d b Y tJ S i i'l 9 the (.) r b y t e t. LJ H d ) iii i c r 0 1 n s t rue t ; 0 n • 
Since uR ~yte i~ b register fOr~at microinstruction, the crOper con­
sta~t ~ust be pre0a~ed 'n the ~"f1eld register. 

8,bft7~2 LlearinQ An Arbitr~ry Flag - Just as the OR fUnction alloWS ~ 
s i F1 9 1 e f i ~3 (1 to be He t ~"'; thO \j t ,- dis t u r bin 9 the 0 the r f 1 ;j 9 S 1 n are 9 ; s .. 
t e r 1 t h e 4 n ,.j (. 0 IT. P 1 e iT1 (~ n t f U I") C t 1 0 I! d 1 1 0 v,, s a s 1 Ii q I e f 1 "9 t 0 bee 1 e ~ red , 
T~1s is accom~11sn€d by the Ana complement ~ytP (NCb) ~icroinstruct1on 
in Cc~jUn6t1on with a pr~p~red M~ti~'d registe p

o The H-fielo reg1s~er 
con~ains cl 1 i~ the bit location to be cleared~ The Nee microinstruc· 
t~on for~~ th~ comPlement of ~he H"field register a~aANDs this with 

Jj 



[%;0 t rl('1 

the 
fl~g register co~tC~tS9 
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fhe flag register is lett ~1th a zero in 
other positionS W~mod;f,ed# 

896~7f~ Checkino an Arbitr3ry fl~g ~ The most direct means of cneck" 
; ri q ~) 61 n q 1 e i;) r C, i t r n r Y f 1 t3 q ; n ~ 0 v t e f 1 Q 9 r e q i s t e!" ; s . v i a a 1, t e 'r a 1 
m1croinst~uctio~, rh~ flag to be"tested fOr is ass~mbled i~t6 the 14~ 
t e r d 1 tie 1 0 eft he· T est ~ i t e r- ,3 I if: 1 C r 0 ins t r lJ C t ; o !"I II The 1 \) 9 i cal t\ :'~ D "f 
the·arh1t~ary flag reqister and the literal fi~ld is used tb update 
the l8 3na ~d stAtus bit flags~ If t~e tested flag is present,-ZB 
wil! 08 cleareo# If the tested· flag 15 absent, zS ~111 be 5et~ 
AOo~OQrlate ~'CrOcrOqr0m contrOl i~ achiev~d by a !est L~ter~l M C6"~ 
(j it; 0 n ~) 1 J I,J fTi P r"", ; C 1" 0 , r s t r lJ C t i 0 i"I seq u e nee. . -

fMe overriai~g fact r~9ardi~q interrupt ·servic e is that all interrUpts 
ar0 com~letely ignoreo while centrol stays ~1thin the micromacnine, 
eXecuting uSer.microCode. 1f the program~inq enVironment d6e s ~ot 1"­
vo10e redl ti~e interrwots for which ~ervlce latency 19 a~ i~oort~nt 
cons1dera~1on, le n 0thy microcoae routines m~y MOt pose any prool~mt' 
If ,nterrupts are e~pected, however, they may be tested b~ the te~hni­
que' (je~;cribed in :Section \;.5,:1. 

a.6~8~1 Abortin~ a ~icrOprOgrd~a Using the external interrupt· test 
tee h r'" i q I) e f i;l it e. c t i vet v e r! tor 0 e vic e ; ('1 t e r l" ~; P t !,"; ; I 1 C i;i \.J sec 0 n t r 0 1 t 0 
() e t r :9 n s tel'" r t) d t C iii i c r 0 ~) (; Cl r € s s j k; ~d lj ? T tt ; S m 1 c r 0 1 0 cat i 6 r'" ~l i1 1 U $ ~) all y 

contain the beginning of a microprogrammed abor~ routine which re~ 
store~ t~e QrOceSSu~oer ex~cut1on to its· beginning state· (e_g~, de~ 
cre~ent t~e p~ oy 2), This proceaure of Course requir~s that the 
ir~put ~rt:JiJ(r€nts· ~jrE~ sti 11 ,:)vdildble, Or that tr~~;y rndY be qlJ;c~ly reco"" 
Vere d an P1 8C e O in their origin01 loc~tionS~ If the begin~1nq st~te 
of tMe DrOc~ss is not reco~erable, the process may simply be uninter~ 
f"uptati l()41 

8~b~8~2 Mo d i+Y1ng the Prog r0 m Counter Q In the eVent of an aborted 
routine, the crogram cownte~ must be aecrementeo by 2. l~ th~s way, 
tn e user machine instruction Will again be fetChed When 1nterru~t sir­
vice h~5·been completea.· fhe fol1Qw1ng microinstruction sequence may 
be lJs;;d·· to ()t~Cr~ir!f.;i"'1t the t)ro9r'a;1I Counter by' on H It!Qrd lcCi?t;o~. 

.i'd •• 
Ct)B 

rnacninc 

370, PCL. 
~'C H 

eu!'<p bAC~ peL 
HOH~OW,-IE ~Ect~SARY 

counter is bumPed back, control is returned 
opeFdtin~ cycle where tne cending e~ternal 

to the 
interrupt 

aa:::SSWiiiiiiJi£ iI lit ,Ii 
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~J1 1 I receive sprvice" 

l~e ~icroccdeo routines whic~ impe 1e ment LSl~11 console UaT are usual-
1 y 1-1 i g h 1 y s ~ e c , b 1 i 7. i~ ,j I ,3 n (~ J S ::) I.; C 1'1, are ri C) t tJ 5 a 0 leo y the m ; C r 0 p ~ 0 .,. 

gram'i1t;:i"', Ho\.;ever; two fL!nct;o~s may be-attr';Jctive if"'! that theY can 
prov,ae co~~un'c&tion between the ~icromach'ne aMd the-console TTY, 
Due to the complexiti~s of d~na~ic me~o~y r~fres~~nq, it is recomme~d­
ed that oOssi~le refresh reQ~ireD8nts be sat'sfied cv either UNA re-
freshlng Or hy self~retresh1ng ~e~ory. . .-

. . 

Oynamic Memory Refresh Reouirement 

If neither UNA refreShing or Self-refreshing memory iSavai 1able, two 
conso)e OOT ~icrocoae routines ~av sti 1 1 be"used. Ho~e0e~, some addi­
t i 0 I"! a '1 P 1" e 1:.; a r (J t ,on ; s r p (j U i r f::j to S U Q PC) /'" t )) r (') c e S $ 0 r,... COl'! t r ell e d - r e .. 
f~esh~ 'Thi~ 5ur~ort' invOlves sett~ng a ioecial flag ~h1Ch al lows mem­
o r Y r .:~ f r € s h t (') i 'n t err lJ pte () ~ sol e U D "( m i c roC "0 0 e' a 1"'1 {J 3 U t) sea lJ Ant 1 y ret urn 
to th8 '1~teFr~Pteo location$ !)ue to the de!~ys iMhere~t in oriving 
the Con301e TTY, the need'far me~ory refresh Can almost certa1nl~' be 
excecteo to Occur ~hil~ t~sting t~e Gone tit 1n either the receive o~ 
trans~it CSH fOr the terminal device. 

897~2 Printing e C~ardcter on the Console Device 

&Ull 
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,~ Ne~'J User""(ietin~:C1 trap operations may be i·mplernented by tr'~ m,cropro";OJ 
qi"iS!iTlmer. fhis is E~ffic,ef'ltlv aCCo rnpl;shed'by sett;n'~ uo a vector ad .. 
dress and, t~~nsterr'nJ control ~o the base microcod~ routi0e ~h1ch ex· 

,,() eCLJteS "~ll other LSr'·11 trap oOef"'?tionS. 

The v?ctOr 2;(i(1reSS of the soec;~)l VS0r trap is inserte{; ir"tO the 
Source oDerand scr~teh registe~, RSRC. Us0al ly t~1s is done with two 
consecutive Loao L~teral ~iCroi~struCtions, R~~CH rece1ves ,the high 
b Y,t c, eft h 0 vee tel" B de res SAn (j K S;~ CL the 1 0 '-Ii () Y t e If 

Once the special vector addreSS hd G been loaded into both bytes of 
RS~L, an unconditi0na 1 jump micr6i n struction transfers control to the 
bas'''r:icr'Q';;od e routi~~'~hiCh e~~?cutes the trap OPef"at;on. The l'1'i C1"oin"; 
structicn' Seqt..i~!"Ice i:~ as fol 'lows: 

LL 
LL. 
~J ~p 

VEe LU~ ~YrE, R~RCL 

vtC HIGH bYTE, RSRCM 
14 vi; 2 

; l, U A l) v EST l) R L U ~ij e Y T ~ 
; LUAP VECTUR H1GH BYTE 

J U i1 ~) r 0 r 11:., p . 'R U UTI N E 

:Ei2JSi Ii 2£J.t £i!Jiu:::m J iI 
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The S/~chroniz~tion of TTL control signals wit M ~icroorogram execution 
; s (] e t e r If; i n ;:.:11 a t the t; i0 ;~' of ,,~; C rOt') r () q r ;.) II: () S S t~" 0 , y • I h (~ C C " t r 0 1 t ~J n C "" 

t'on Code acce~rs as the fi ndl ~rqUment in the microprogram source 
eoce. The deta1 led construction of ~icroassemtly sou~ce language is 
pr~se~ted in CMaater 7 tor €RCh wicro1nstruction format~ The micro. 
prOqrdm~er h~s the option of pr~~calcul~t~ng the octal ec0ival~nt of 
the CO"OineO st3roar0 9n d extended TTL Co~trcl 0it Cooe s , or the indi­
vioual COOes can be OH'd together b~ the microDssembler o 

Tne st~~daro TTL control bit codes are assembled into Mlc21:18>. Of 
the 10 ~bsRitle cc~es/' 8 are emplOyed oy the LSI-ll 1nterf~ce circui· 
trY " CJ t~ e iJ C CIt , 0 n .. ,! COd e I (~: '( I ; SUS edt 0 S ','; t3 0 U 5 € ~ C 0 r"l t r 6 1 s to,.. e 
Pages for the ~Cb PAGI~G mOde~ The r€mai~,nq 7 cOdes, 00 throuqh ~6,' 
m~y be used bv t~8 ~icro0rogrdmmer, These cooes must be decoded by 
sppcial oecoding haroware wh 1Ch is cOMnect~d to the SYstem backplane~ 
S~c~io~,6a7.S cresenteri infor~ation on stendarO llL Control -fun6iion 
COd € S as \-1 e 1 '\ ash a r a ~'J are c <) (" nee t ion d eta i , s r e 1 e v a Ii t' tot h e <.1 e s ; 9 n 0 f 
d(;ccoi119 <;ircuitr'l, 

e J.\ S e ~ p 1 ,) 1 n ej ins e c t ; on b .. 7 ,:; the s tart (1 a r d TTL c () r'! t r 01 b ; t s are v al 1 d 
on the ~icroinstrwction bus from the be~ining of PHl to the end of 
Ph3@ OeCo~tng of t~e 8 fUnctionS used by the LSl~11 modUle is en~bled 
by PH _S 0 of t r'l e :r, i <; I' () eye 1 e, a t"\ d t h ; s s i ~J n al, ~ r'" R:3 rl, ; sal sO a va; 1 a b 1 e . ~ , 

Due to the Qipelin~ng techn~ques used within the micro~~chine, the !T~ 
co~trol ,bi~s can be enabled before tMe ~icroinstruction with which 
they ~re ~5Semblpd is actually exeCuted, This OCCurs fOr any' 2 cy~le 
m ; C r 0 i !"'l ~ t f" 1,.) C t ; "n S , ; r'l ,) a 1''' tic lJ 1 it r I <; 0 nO; t ; 0 n d I 0 I" lJ nCo n () it; 0 n a 1 J U 'm P 

mlcrOiF,stl"'uctiCl"is Yi BeCduse the miCro;nstrl,JctiOn s(~ql.JeF'lce is mor:jified,' 
a '1 1 j ."" iT· r: ~" ; C r" 0 i f'l 5 t rue t ; () f"l S 'I" e Cj lJ ; i" e 2 ' :'1'1 , C roc Y C I' e 's toe x e cut e , 
~1'; C f' C a 0 ':: res s 1'!l co; t 'j C :3 t i 0 r'! Cl 0 ~~ s not 0 c C ~J r u 1"1 til' t I"! e se con d rl1 i c roe Y c 1 e, 
a~d th~ control sto~e co~tents fetched as a result Of normBj ~icrop~o· 
gram cO~~ter seQuBrcing must 0e discard~C.' The ~1crODrocessor control 
and D?t~ ChlpS r2co~n,ze tMe jlJmP for~at and s1 moly i~nore the contro) 
store info r «aric0 on the micrOinstruction"bus. However, MI<21:18> is 
decoOeo hi co~b'hat,onal 16q1C~ In the follow1no e~a~Cle, th~ Control 
code Of the' microirstruct1o~ following the JMP i~ decoded ana enabled~ 
even t~roUgh the Microin6truct~on +lo w aoes ~ct include the f OJ1Q wi'n9 
microinstruction. 

310(!l 

3101 
31 kj 2 

Note; 
tior'li8 

L t" C', I ~< S R C L 
J~liP f,LrL~)t.: 

C L 1. I), H I,) S 1 H, , !j 1 , : 

~1 dBcoded ~nd enabled during seco0d cycle of 
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The exte~aed TrL control bits are assembled into the s~me source field 
as the stdM~~rd rTL Co~trol bits, lhe extended control bits are 
fetchHJ ~t ~hc ~8Jinni"~g of PHi and are v~'1d through the end of P~4. 
As suCh, tht::y are n,:)t sut)Ject to enabl ing Vi u anY microcYCle Phases,. 
However, extenoed control siln~ls n~y acpear erroneously w~en ·c6nta-
; ri e tJ ; r'\ ami c r' 0 inS t r LJ C t ; o!'lf ell 0 ~ i tl 'J a2 c 'y' c 1 e m i c r 0 inS t r lJ C t ; on i n t he 
S G m e i- d S it i 0 i1 a s the st d n (j (;l r (j con t r 0 1 S 1 9 n a 1 "s , " . . 
The asse~oly value corr~sconding to Ml<22> is 20 dnd that correspond­
ing to MJ<?~> is 40~ These villues m~y b~ O~d with the s~and~ra !TL 
control bit eooc, as shown eel ow: 

LL" n,HbF~CL", UlI2~JIIJd COI-...rRuL CUDE. 01 

: PLuS MIC22> PLuS Ml<~3> 

Reedl I that Ml<~3> is shared with the microDdoress trace bu"ffer logi~. 

T~i~ has no effeCt o~ Mi<~3> but it muy com~liC~te ~i~rOprogr~m deb~g. 
gi 1''')19 

8 1 ""I 
• '" C lIl! l 
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Qoeration ~itht user control Disabled 
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8,14~b Multicle user Uocoaes ~ Multiple Pri~tec words 

8 ell! II! b ~ 2 ~,~ c CI; f , C:1 J U !!I P iJ (J C () rj i i"l 9 "" 

Sel~ctive Micropro9r~m Execution ~ith MUDT 

CSUk 
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This cnaoter crov;deS a guide to the installation Of tne wr;teable 
contr61 store ~ooule in tMe LSI-It, pDp-ll/ l 5 system. It is recom~ 
menced that this c~a~t~r ce reao cO~Pletely-bef6re beg1n~;ng anY Phase 
0+ the 1n~tcll1ati6n procedure," ~oo~le installation should pr6ced~ ~c­
CorOing to the installation Che~~ List Cont~ined in section'9,7~ 

9.2 SYSTEM CU~~IGUHAJIUN 
~~ . - ,--

The LSI-!1 ~r1teab'e control Store option places very few restrictions 
-" 

on the PDP-l1/05 system Configur~tion. 

(' 9.2.1 Module Location 

c 

(' 

{ 

c 

• 
Cl 

Beceyse of its airect connection to the microinstruction bUS, the wC5 
moo~'e mus~ oe locatea in t~e bac~plane'~lo~ imme6i~tely adjacent to 
the LtiI-l1 processor m000)e, bac~plane configurationi are ~11~~trated 
in rigu,.e 9;1. " -' 

~ ; ...... 

asssS!,A 
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The operatio~ of the ~Cti ~o~ule aoes ~ot ~'ace any special Oemanas on 
s Y s t e ri' r1', e ,. 0 j Y sea C e • h 0 ;...; eve r , the h C S \) eve ,lop ,j' e "t . s 0 l' twa,. e (~ V K LJ ~ - y y ) 
requires 10K woras of m.€~ory. 

Q.2.2.1 ~e~orY Refresh kestrictio~s - It is recommencea that all mem­
o r y m 0 <j U 1 e sus e d ; n a L ~ 1 - 1 1 I': C ti s y s t e m con t a ; 1"'1 S e 1 t .. ret res h caP a b; f; • 
ty such as the ~Svl1-C or MSV11~D memory ~oo~lest IMe self-refresh 
featu~e frees the micro~rogra~mer f,.om the reouiremeht' to allow ample 
oppOrtuM;ty fer CPU ~icrotooed refresh to execute. _. 

If processor-controlled me~ory refreshing ~ust be used, t~e micrpro. 
grammer ~ust give special 8tte"tion to the tee~niaues described in 
section 8.6.1 if leMgthy ~icroinstructiO~s ~re to be 1mple~enteo. ' 

An ~lternat~ve to processor 
DMA-contro11ed refresh;nq, as 
dules. lhis approach also 
real~time- ~est~iCt1ons, ~h11e 
doe~ no~ ha~c the self·refr~Sh 

controlled refreshing is the use of 
supol; ed oy .the kt:.Vll-A ~n a REV11-C mo­

frees the m;croprogrammer from - the 
al1ow;~g sYstem memory·tO be used w~1ch 
fe~ture~ 

9 • 3 t-1 I ~ R U I r ~ S T R ~ C '~ 1 (J N B ~ SIN T ~ R ~ U N t'i ~ C T ~ A e L ~ 

The microinstruction bus tnterconnect cable-plug assembly extends the 
micrc~n~tructio~ b~s from' the the LSI-Ii ~4cro~ac~ine on the processor 
mOdule to t~e' w~s ~ooule. Extreme taut1o~ ~hoY10 be exercised when 
e;ther instdll;nq or re~ov;ng the caole. It should be emphasized that 
a'"alf-'"stalleo cacle prOvides a direct electrical connect1on to the 
MaS~leve' circuitry onp.;t~er the proCessor mOdUle or t~e wCS mooule. 
Thecable~s open eno should be guaroed against ;naoverte~t contact 
w~th ~~V electr1c~1 ~oten~i~l. - . . 

The cab 1 e i s con r! e c tea c e t ~ e e nth e t h i r d M I ~ R 0 ~'i soc k C t ~ :3 ~ , ~ nOr ~ a ~ 1 y 
useo for the ~EVll option) ~n the LSI-l~ ~rocessor module (~tch R~V, f 
CS Hev Y or greater) ano the sinqle 40- p in sOcKet on the ~CS maOule; 
T~e' caole sho~lo b~ ,nserteo into bot~ SOCKets befOre the 2 ~odu)es 
are i~~erted 1ntO tMe b~ck~lane/card gu~oe assembly, The pr6cessor 
mod u 1 e sh 0 u I d . De ; '" s t c) 1 led 1 d 5 t, t a k ; n 9 car e t 0 avo; d con t act - w ; tnt he 
c~b)e~plU9 assembly already in the ~CS sc~ket. .' 

The DIP switch OM the ~CS module is useo to configure the microaadress 
range to w~,Ch the ~C~ will respond, They shOUld be set up to ihe de-
sired addre~s mode as shown i~ Section b,2.2.1. ' 

_ a::aUlUli2UUi.!5iS 4 
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