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5.4.1 Time 

Figure 111uGtrates control signal actiOn relevant to a DATU 
operation delay, miCro1n­
struction 'presented is wri,te, Output Next Microinstruc­
tiol"': 

W tl,A A0DRESS SlGNAL DOUr 
,. 

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

The ind i vidyal events which Occur in the DATa Operations are discussed 
w1th the of Fiqure M1crocy61e reference 
numbers. 

Hicrocycle 1 r 1 t e 

execution of the mtcrOinstruction in the first 
cle causes no change in the control TMe 

to ComPletion RtPLV H an o BUSY H are 
dlJring Ph3. 

M;crocycle 2 . . Uutput word 

Because 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 
n;ng of PHi wn;ch' a write operation. The-assertion of 
BWTbl L H is at PH2, causing 

to be asserted at the of PHU.- Since 
OreS$eo oevice only to ebOul L, which not 
bee !"I asserted, t n e u u·t put 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 ; est hew A ITs tat e • ' ,. 

uutout riord (Wait) 

eecause tne uutput microinstruction executed UP to the fail­
ing of H during Microcycle 2' H is assertea at 

beg i nn1nq of The flF' in the"reset state 
this micr6cycle, allows the asserted H to set 
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 ,. 

L is asserteo, example Output word 
and thus L are negated at the begi,,· 

n;ng of BwTbT L remains asserted past th;s oo;nt only in 
the Case of a bYte Outout AlsO during PHI, the' Data 
ch1c places bytes (d fu)l wOrd) of 
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 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 

H passive whiCh the WAIT' -

!O assure in the of the DATa op­
eration 11 lustratea here, 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 

( 

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;;;: 
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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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THE L31~11 ~~llt~bL~ CONTROL STURt 
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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 



T HE L~; 1"" 1 1 IAI h' 1 T t. II e· L r. L 0 j.J 1 k 0 L 0 T UR t.: 

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~ 



... .;:::'.' 

THE L ~ 1 "" 1 1 'oJ F; 1 T tld3 L I:. C iJ N TkO L STU R f.. PAGE 0-11 

we S f~ 1 C. R tJ 1 ,'j S T P. U C T I U ,,; tj USA, N D S Y S T E~' t1 U S 1 ~'n EKe UN NEe T ION 
.... - '. 

o 



wl.=+1ir 'lil'!'f ! ". dt 'i±dit 

r H E L 5 1 "" 1 1 ;'j R 1. T t. il iJ LtC 0 I~ T H (J L. :j T u R t::: 

I! C 5 (~l C R U INS r Fd) C T I U ~~ 13 USA NOS Y 5 r E i~ Ij U S 1 ~~ T t 1~ C U ~.J NEe T ION ., -

{ 

'0 



!\IN' "" 

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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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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lHE L~l.11 ~RITtA9lt CONTROL STURE PAGE 6-1"1 
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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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$ .. \ de t **#blrlrH 

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 
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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 
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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). 
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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. ' 



t""MaWfrWHWft ',,"f' ','I" I'll I i'r't":::\"" I I"' "jij 'e"WitfhtLfflt'teIW2WtMNWbtJ'bHrJ'+E'brtb'HIHH'fH'/IIWtdi¥WiWlfMk'W!l1f*8Il:/iYNt*" IFI'!'!t7!'T'''d"!1 i''N!!U!I'UIII 

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. 



," - jri"$'!'t "'Y "t#ritdtWriJ't!'! ttH"*j--"}"','SthY'Hft''f''WhJhU trl+1l!M+W'"b1ll'lnHNij.J!lHUiWfMM WJlHtl!flHHIIW
',' .. II' . i r •• __ VW"Rlllll1 

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 



t "'H . t j"J' t'j+"H\'ttWWW'!HijHI8J'*mMf!lIh"j t!I''''''.'!''' 

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 



'ttM"ttt'V"I" "Wtl(1 , t! " ." J"t'"" ,"\d&.'J¥,Mt h tHIWWtHHrlt&WfWtMWD\lW'IWIWM 1"'* Nrn,,"MIII''''''M 

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 



:~ 

Itw 

,W'W!It/,Wti'L\HlWMN II ;gpll'" '2"" tI'" ,',"I,"!' !!",r,,",IM!g ,,"111 

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. 



~ 

;~ 

~ 

() 

"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. 



L~I·l1 MICRWPROlE~SJR StT (MPS) 

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 



• 

LSI~tl ~ICRUP~OCESSUR StT (MPS) 

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 



-......-------..,.-------.,--------------.;~~.~-----.--.--

~;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 



:1':.' 
(I~~·;' 

LSl~11 MICRUPRUCESSOR StT (MP5l 

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 



·\. ,. 

.... '; I C r-~ U p ~~ UGH !\ t·; ~'11 N G T t Chi'; 1 (.:: U L. S 

8 'IJ 1 G f. I~ ERA L. 
-. -

. ....,r 

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 

• 



,f 

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~-
T R 0 [ . S T () I~ t. f.,: /1 l' ~ ':J, -- " - , - , 

LOCATIONS AFt 
Ihi:. t.1S/F10 Op: 
- F~ t. 1-1 lllJ E. DIN A 
Of- THIs v,~CArEO 
iii .r..; ITt ,~ B L t- CON ~. 

T J~ EkE r .. f~ f:.'. i ~ F t E G E [\j c)? ~'L EVE. r" T S t: hIe ~i CA US f.. C 0 ~1 I k 0 L. lOu E T R A ('L, F E F~ H f: l) 
TO IHt tf',U<Y f~kt.,;\~ Tt1(M FlHSr-TYPt UF EVEr·.(-oc;CUf<:3 .·jHt.r,~·t.r·'4 A?Pf<UPI<It\Tt 
~1~\.cFl!S:E. I·'lsrf)~JCrru:·j· Is rE.·rcl.it~) /I('!) L.O.ADto Ii\lTU"TrE:, IN;T~~UC:TlOI'-i r<tGlS:") 
T ~~ H; . ~i I R., -. i r t::. S t. to,;'; C r-d ~j f.. J ;.j::5 T ".; U CT 1 (l \/ v.\ L ~jf~ S ~~ t., N I~. l~_ FtC TAT ~ !~ h.3 F ~_ R' T ~J 
T H F< r~ E . Dr- T fl t_ !" I C S' l);.~ 0 D:-< l.-s S c. s( 3 kH: ;:! I .s yH) 1 , :3 i<' ~J :s ) !! 1 H c.: -- S t C U i\i t) T Y P t. 0 r 
EVE f'i T () C (; U K 5 t. T P U i" t ~~ ... (,i P (.~ (~ \:- r~) l) - T H t T H 1 ~~ f) T Y P t:. . G r- t v t. t,; rue l; U ~: S .r ~I 
THE I r-1 P L E ~: EJq /'j, 1 1 G \; U F . T H f: ~~ 1 C i" U p f~ Ij G f\ .~ f.1 ;v t D· [(, . r E f~ ;\j :~ L 1 ~,~ r f.. H H U P 'i -T t S T 

. (?l{lUi.I ) ~ - - - ---

CON IRQ L r 5 1 t~ 1\t.; S F t ~ f~ F. U 10M I C r..; U 4 D 0 R t: S s 5 \:-HH'~ ~·n" t: t·; E. Y E r~ .A. HAC H I j-"; E 1 N no 

S f n ,:, C T 1 U N- I j:, T Ii ~- R;~ I';(;~ ~. ~) ,,:~ ~'j 2 ? i/i - T U ::H:: ~~': 2 ";: 7· (U C I ,4 L.) - 1. ~3 r- E 1 C <"i E 0 ~ ~\ 6 () E C 0 0 E D 
B Y 'I h t. T f, A h ~ L t. T 1 G~; l, R ;·u\ Y R ;-HJ 1 E· T d t;, T THE. S t:, .. t,~ A C h r (if:' -- 1 N S T K U C T I (j ~'i S.. A r~ E. 
RES f R v t D B Y U t:. C fA.·J tv', f.'J ~) 1"1 J C k U I (; S T ~< U Cr I U ,'-.j r~ u s r A L ,< A Y S £) t ASS t M b LEI) - - .. 
IN T ~ t·) 1 ~ f< () L U C to·f J C ~,.; 5 :~~ V/ ~) T u ~ <'~~! ~3 ~: j~ T 1,(4 P . T U LSI"" f 1 V ~o C ~ 0 ~~ L U (~ 1\ -~ l. U N ~1 9' 

1-11 C i-< 0 ;-~ () t.! rH: S :) 5 ;,-~ ~'J 1 1 S T H I:: f"l J. C I~ ceo () t~ EN I ref P U I i'd' ~, C 1-< 

U 0 E H <'J i', C :~ lJ;": F \J C k ,\ ;'1 :", ). to; C J C U ,'.) T P [j l. 1ST r< !.;, "J~) F L. i': K t. !) r U 1": I C h I.J ,~\ U [I t~ t ~; S -5 \oJ~' 1 
i-'i Ft C r~) E. v f:. r< ,:\ r;:, r.: h 1 ~. t. 1:·; ~ T k t; C T 1 U ;.~ hAY I ,\ G A V ti L i) E. i N r H L ~!... f~.; (; t. vI 7 b \.; ~J \J T (j 

. . ~)'7 6 7 7 7 1 S F r:. T C r1 t_ D -. f. \. C () t. C ,=) l)t: L) ,H YI H t r r~ A i'i () L J\ 1 I;) N /nd< A Yo;:' C: T f T H /I r PH: 
.. :'. OrH. '( L L r..;; t. L (,: l,' ~ r l: t·, ~- ~ C i; C U U t:. ~)- .·~qd:. I (~ 1 ~ E: Rill': (; ~ 0 ~ ~) 7 b -; C ~'; T U ~: 76 7 0'7 ~.. .- 1 r 

I S .~ H t: K L ~ P l; I' '- ~:. I c) I LIT Y U r 1 H t u S t. ri ... n ! C f-? 0 f.l PUC; io( 1\ ;~ r i f::. r~ T tJ - ~ A ~ S ~ A. J. ~~ P ;J j .. q":' 



fC) C H () 1 1" 0 T Rue T I 0 ~ r 0 (j leu ~~ FuR A. ~J Y () P CUD t: 1 ~1 T l'i E ~< A ~~ G E Wl 6 v)vh~ T U ~J 7 6 b 7 7 
SIN L t -- r i i ESE i.t F, t e t~ S r_ ~~ 1/ llJ b Y [) l: C !l S t. l - 5 t. C T 1 U N b. 4 • 

C U NI k (J L I 0 1 F~ ,t.. !,! ~ F t }> f~ L D l 0 (-1 1 C ~( 0 A () L1 t~ t S S ,HJ ~li 2 A T P CH"J f. H ... UP »Jfi E N P u ,~ t R ttl UP 
t1 () D t. ,.~ 1 S - S t, L t. C Ttl) , t~ U L) ~ S r_ L LeT rUN I S I': A D E - v 1 t~ J U i"i f..I E H U P T 1 (J NON f H e 
LSI:" 1 1 P F U C i:. S ~ U H (i C IJ ! J L t. (S t 1: t H t:. 1'1 r C ~dJ C G "1 P IJ ! E i-< H A r--, l) tj 0 U K )OH:. f,1 I C R 0 1 N ;. 
S T R lJ C T J U ,,' l 0 CAT t C ,!:I, 1,$ ie t' 2 ~; i-I 0 In. U J U ~i P TO /~ hIe i"; lJ R U U r ! Nt' h Ii r C H f:. :x E C U '1 E S 
S~E~IAL S!A~TwUP OP~~~T~O~S, UH pOSSIhLY A ~YS~tM BOO!S!RAp~ - - -

SIN C. E. r H E Vi C S r-' t. H U;:\· y I S V U L J\ T ! L t: I THE U :5 E. F~ CAN ~ ,; UTE :x; pte T A i'~ 1 C HOC 0 U E D 

BooTsTK~P T0 bE EXECU1EU UUT Of USER CO~TkUL SlURE IMME0IAT~LY AFTER A 
p (J H t R . R t. f": '~ Y A L • 

c (J 1'1 1 f~ tJ L l::j r R .~ r" t; f t. R H t: D 1 () H 1 C R 0 A 0 I) F t::. S S 30 \i:; 3 ~~~ E:J~ E vt. R .A f-' A C H r N E 1 N'" 
S T ~~ 0 C r I U;~ . H4 V 1 t~ ,:~ ~\ v' A L. U t If,)' T Ii E. H ,4 r,~ [~E ~i '7 5 l,j 4 U oa oi 5 7 7 7 - ! t) fP t. T C 1"'1 E: 0 AND D L 3W 

C 0 () t [) - l:) y r H t T F ~\ f-' :s L .;'\, Tl 0 [\i ~~ R H ,-\ Y " N (J :j: E T H t\ 1 'J H t ,) t J1.A C i"ll N t:. - I (.J S T RUe T ~ (j N ~ 
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f 0 1 I 0 \>; S~ 

3~J~~0 

~s (:~~: 1 
~s \-') Z Z! 
3U'Z~ 
3~hjil 

LDC 
J f":p 

JVP 
.j j~:p 

J :·',r 
XxX 

CEcoct 

U 
h,A 

- ¥. ~ 

T I~ ~\ F Ii E ~ E t-? V t. () lj p CUD r. S ~hj C i 2 X 

r~ N T E l~ h t>n:: F [I i~ (j P C t]u r: ~ (~ -, 6 X 'x X 
E » T t p h L H E. ~ G!~ P CI :i f: ;~ Q l) P 
rRA~ kE~EkV[O U~CUDES-01S0UU~~75777 
t;- N -I' ~ r '. .-~ !(.~ [) t" '1" \;; 1') ! t (' I t. D, ~ L:_ :\! u' 1 r ~ (,' I., . ~_ f( . "., I', .~ I .- C. ~, ({ ..J r k 

A !\H) S -r A f-? T I t,~ r t_ l-qH) P T S t R V leE 

s r A I;'~ T 0 F PO ,'1 t:. R UP l{ 0 U I I 1\1 E 

() B.ll 1'·'i\.CHlr<t If''~~Ti-<UCrlUi'l lJECCUII\I() TtCti~ill~uE~ 
4 ". 4 .~ •• ~ "-

, ...• . " 

"~ ... 

to any 
control to 
instruction 

USer 

if') the ~O;0t 
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NO Decoding 

In cert~in caseS it is not ~€ceSSarY to Pertor~ any instruction decod~ 
iry~ ~uch a ca5~ occurs duriM~ m1crprcg~am d~VelOQment when ~C~ memo­
ry 19 only loaded with a single m1cro~rogra~. Co~trol thrire10re 
tr~~sferred airectlv to ~~e starting ~icroa~d~~ss where execution be­
ginS. ~hen rnicroptc0ram ~eveloP~ant is comble t e o , the verified rou~ 
t ; ., e If: 0 Y b e C' C ill epa r t 0 f 7:3 1 i'; r c:; ,? r i'i C 5 lOa a rf1 0 oj IJ 1 e t T' 11 e + 1 n all 0 a d rr. 0 lit 

d~l~ would conta'n ~n i"struction d~Cod1ng ~ecnaMis~ along with ~he 
m u 1 tip 1 e ex f::' cut: ion i'" 0 uti Ii e s • NOt e t \', <1 tal 1 lJ nus ed' "n a chi nee 0 0 e s m tJ s t 
peFto~~ a J~p 0 microinstrwction to trap to L51~11 ve~tor 10. 

One technique fOr oeterm;ning where micromachine control sMoulo go 
ne~t is ~ke successive comparison tech~1cu~4 Prin~iple ~n this tec~~ 
n 1que is t~e eb111ty to mai~tai~ in control store ~ 16-bit Constant 
w~th wMich the rach1ne in~truction is to be co~cared, lhts abi lity' is 
s0PDlieo by the literal class of m1cro1nstruc~~ons. f~o suc6essive 
L 0 J.\ I~) , ' lIT t. R t~ L ( L t. ) :Ti i c r 0 ins t r LJ C t ; 0 r) S a 1-1 0 In t Ii eo ref ere nee val u etc) b e 
pl'aced in'any d~signatea reqister, Qnc~ the reference value is esta M 

bl ; 's ~ e ,-j, ,t h ~~ COif: p :.5 ,.. e ~"U H D n~ ; ere; 1"\ s t r I,j c t i ,0 '" ; S IJ S e ,::J , f 0 1 1 (') VH? d b y a c 01"\­

dit10nal ju~p (Jill. 1+ th~ two ~ords are eQual, co~trcl ~11 1 be 
tt~dnsterrt):,j tC- the :;'icrOa{j(~ress c;ontained i'~ the C('liditional' j,Jmp 
field. ~ote that the comparison must 'be performeo wft~ the 
fla~~~ffect1nq ~~Croin~tructi0n, GWF. The JUmP is made contingent 
uee n ~ co~dition ~cde as opcosea to-a' status bit oecause the latter is 
Upd?t eO fOr each byte result, and ~ay not re~lect the resul~s of the 
W 0 r (j C () rid: a r 1 S () l"l , r< 0 tea 1 .s 0 t h ie) t - the ~ ; c r 0 pro (J !"' a 0' ,1" (; r rr. I.J s t doe U rr: e n t a 1 l' 
OOs5i~le -flag results' tOr ~ne special mac~ine i0structio~. In ~he 
case 01scusseo ~er~, the fl a q manir01at~on ~5 ~or an intermediate pur~ 
pGse, ano flag valueswifl brobably be mOd1fied later to teflec,t a . '. . . 
di f'teient resul t. 
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The i~,~le~entetion of the successive co~parison techntcue oesCribeo 
a b c) v e iSh ,i (J h 1 v q e I': I" r i;l 1 i Z S (j i f"> tho t ; t c u n ti e Cod cor r e c (' 9 n , .! e all 0" 

the bij 003S1ble user Cocodes, HowevAr, i~ is ~ot 11KclY that such a 
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The fin~' ~rrle~nntJtion of this technique uses only the low byte 01 
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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 
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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 ~ 
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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! ; 
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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$ 
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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 
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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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41> 9,5 Chec~out ~ltn lSl-ll Co~sole OUT 
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T.B.C. 

( 9.7 l"'sta'l~t;on Checklist 
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