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sor in time to set the KEFPLY F/F at the beginmimng of Microcycle
4e Utherwise, the w~ait state will continue throughout Microcycle
d AnJ the next OQLOrtuﬂitv to set the kePLY F/F will rot occur
until the tPQ!hh\hQ of 1crocyc\e 5

§

Microcycle 4 Qutout word

The assserted state of BRPLY L sets the KEPLY F/F at the teginning
of PRI, Since RtPLY M kecomes active, thne wait state is teprmie
nated at the PH3 KEPLY M check anc the Qutput #0rd micrCinstruce
tion executes to completion, The set state of the KLFLY F/F also
negates the DaUT F/F {mputs anmd it is cloCked t¢ the peset state
at the beginnirg of PH3 which negates bBLOUT L and also canzels
REP{Y H, wote that the Control c¢nip deteprmineg the. state of
REPLY K at the beginning of Ph3, thus recogrizing the adaressed
deyice pespongse betopre RELPLY H {5 canceled yvia the resetting of
the DUUI F/F, Ln resconse to tne nmegation of BOOUT L, the ade
dresseC cevice negateg ﬁHPLY Le S

To assure minimum possivle delay in the executior of the DATU op=
eration {llustpated, BRPLY | must ge pagstve at the processor N
time to reset the KERFLY F/F at the oeg1nn1nc ot Hicrocvycle 5,
Utherwisc the next OoppoOrtunity to peget the REPLY F/F will not
oceur unts) the beginning of ﬂ1crocyc\e 6,

Micrecycle 5 Next Instruction

Since BRPLY | was neJated during Microcycle 4, tne REPLY F/F s
clockec to the reset state at the beginning of PH1, thuys cancelw
lTing BUSY H, ‘Hecause the gutput Worpa mxcpomﬁstructwon execyted
to completion auring Microcycle 4, WSYHC M is mage passive at the
vegyinnina of FH2 andg WigdT H g Tade ‘possive at the teginning of
Frd The Data chip reﬂoves the output word from BDAL<15180> at
tre enc of PhH4, SYNE L is clocked to the passiye state at the
end of pH3, ‘ ; '

Any tyve of microinstruction may be execuled during Microcycle 5,
since the wEPLY P/P was reset at the beSinning of PHI, thys new
gatjmg BUSY H,
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5.4,2 DATO Delayeo Execution Time

Figures S.d=1 ang 5S.4=2 {1lustrate the control signal actien. relevant
to a 0AJQ .oreration {m which execution is delayea at 3 roints, f[he
delays occur during the executjon of tne aArjte microi65truciton and in
the  response o0f the adoressed device te both the assertion and nega=
ticen of BLOUT L, The miCroinsStructijon SeQuenCe PreSented hefe {8
Write, Jutput kora, Next Microinstructions: ' '

W b A i ADDRESS DEVICE, SIGhalL DOUY
Ow d, A 3 CUTPUT WURD
Next Microjnstruction 1

- I
The indivigual events which occur {n the DATI Gperation are adiscussed
witn the aio of F1aur°s Sedd=] and S.d=2 whlch Contain the w1cr°cyc1e
referDHCe numbers.

Microcycle 1 write (wait)

The BUSY H {mput to the Control chir (not shown in the timing di=
agram) is asserted Juring the entire microcycle whicr causes the
PHS check Performedg pY the Write microinstruction to  ¢ail, The
wWALT state is initiated durinmag Pr3. For complete accuracy, other
Contrgl sjama) aCtijoms should be acparamt aQuring Mijcrocycie |
which relate to the <conclusion ¢f a previous [/0 transactions
Inese actions nhave been om1ttec from the f,gures.

Microcycle ¢ “rite

The 8USY H signal goes passive prior to the Pr3 checkx, since the
BUSY n  check 1s passedsr the mafty state is teprinated and ghe
Write microinstruction executes to completion,

Microcycle 3 Gutput Word (HWait)

gecause the write mi6r01nstruction executed to cowolet1on auring
microcvcle 2, the address {nformation is placea on ﬁDAL<15 go> at
the peoinninq of Phl.

The #WB H sional is asserted at the beainning of PHl which indi=
cates a Write cperations, The assertion ©f BwIBT | follows imme=
aiately, ' : '

WSYNL H {5 asserted st PHZ, causing ESYNC L to be asserted at the
beq1nn1nq of prd, 1nce the aaaressed device can only resoond to
dDQU] Ly which’ hgs not yet been gssepted, the gutput “orpd chro-
instruction check of KEPLY H during PH3 tails ano fnitiates the
WALT gtate, o )

Microcycle 4 Output wWord (Wait)

Becaugse the Output word microinstruction executed until the faile
ing check of KEPIY H auring micprocycle 2: wOQUT H 15 asserted at

+
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( the beainning of Prl.  [he REPLY F/F is in tne reset state during
‘E’ thig micprocycle which allows the assertea ~DGUT h te get the DyuT
g F/F at the peainnina of PHS, . ~ken the DUUT F/F s set, BLOUT L
( is Agsertec, Since thig examgle centains the CGutput #ord mMicpO=
irstruction, »st8 ana tnus 54TeT L are nevdateo at tne beginning
of Frl, rwIDI L remain asserted past this point only in the case
¢ . of a byte outout cneration, Also ayring FHl, the vata ¢chip s1m-
ultamecusly placés two oytes (a full wopra) of aata on
BUALKI9gvi>s S{nce KEPLY H {S Uncnanged i1n thiS miclocYcler the
¢ wALlT state is ~aintained, '
( Microcycle 5 Qutput wora (wait)

In resseonse to #LOUT L, the agsresSea deyice accects the oata on
, BDAL<]IS12e> and returns Brply L to the urocessor However, the
¢ REPLY F/F {5 onlY CloCkeag at PHL 2amg REPLY H rera,ns pass{ve
which maintains the »all state, ‘ " ' T

€ If 8xPLY L hao been esserted during iicrocycle 4, KiPLY H' would

haye become act1ve Juring Microcycle 5. Ag fllustrated, the ag=
. ditional delay in gevice response acas ome full microcycle to the
( exacution of the DATy cperation. =~ ' ‘

Microcycle & - Output wWord

The asserted State of BRPLY L sets the REPLY F/F at the peginning
0 of PHI, gince REPLY H becomes active, tne walj state is termia
B g ndted at the PH3Z REPLY H CheCk ang the Output wofg microjmStrucw
tion executes to cowp1etion. The set state cf the ktPLY F/F also
negates the DOUT F/F {mput, and it is clocked to the reset state
( at the rceginning of Pyl which negates BUQUT | and also cancéls
REPLY 1, Note that the Control c¢hip determines the state of
KEPLY 4 at the beginning of Pu3, thus rectanizing the response of
( the addressed device before REPLY H is cance)led via the resete
ting of the DQUT F/F, '

C Microcvcle 7 Next Microimstruction (Fossinle wALT)

pecause the Jutput word micproinstpruction executed to comoletion

C during pnicprocyele 6, WSYNC y g maae passive at the beginning of
Prid and wbUUT 1 is made passive at the beginning of PHAY, The
Daga cnip removeg the Output wOpG from BUA <1510E> 2y phe end ot
(s PRi, Ir response to the negaticn of RDDUI L, the acaressed devm

ice necateg RRPLY . However, since the REPLY F/F 13 blocked ag
PHI, it remains 1n the set state which asSerts BUSY H,

14 the liext Migroinsteruction belongs either to the read or write
A group, the state c¢f Bysy H is checked and a new sait state wi%l
( Pe injtiateg WniCh delay¥s the Degginning ot the next 179 Qpera“
i tion. any other microinstruction will execute {mmeciately,

Py 1t BHPLY L nad teen negatecd during Microcycle o, the REPLY F/F
‘ woula have Leen p2set at the baginning of microcycle 7. As il=
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! i
lustrated, the aaditional delay in cevice resrcense aags .one fyll
microcycle to the execution of tne LATU oteratfon, ‘

Microcvele & Next Microinstruction

Sfmce sRPLY L was negated during Microcycle 7, tne REPLY F/F s
clocked to the reset state at the begfnmning of PHl, thus cancele
1imng BUSY M, The reset state of the REPLY F/F also allows the
SYNC F/F to ve clocked to the reset state which negates BSYNC L,

l¥ the microinstruction in Microcycle 7 caused the microprocessor
to initiate the wAIT state, the microifstruction will nNow exew
CUt e, Otherwise miCroinstructjon exeCUtjon ProCeeosS POrmallY,




..
G

M

"—‘—'._'—__"—————' -

MICHUPKUGRAMMING LS Tel SYSTeM BuUS3 FTRANSALTIONS

FIGURE 5,4=1
DATU DELAYED 1

PAQE S5=19




=

MICKOPRUGKAMMING LSlell SYSTEM puUS IRANSACTIONb

FIGURE 5,8=2
DATO DELAYED 2

PAGE S=20




MICROPRUGRAPKING LSL=11 SYSTEM BUS TRANSACTIONS ‘ PAGE Se21

i S.4e3 DATC Microcrogramming Symmary

The DATU cperation, as {mplemented by the write=Uutput microinstruce

¢ tion sesuencé, allows for variable delays in adaressed device respoOnse

to roth the assertion ano neqation of CUOIN Ls However, there s an

fmportant agitference between the DATLl ana UAIU operations regarding

(i delay hanmdlina, To optimize micproprocessor pertormance in the DATQ

context, the Cutput microinstruction must immediately follow the wRITE

microinstruction, This is necessary because sVQUT | 1s a function of

¢ the wyutput nicroinstruction, 1In contrast, BUIN L Vs a function ot a

Read microinstruction, Tnerefore, there is no opportunity in the DATD

A context, to make use of idle time caused vy tne delay of the addressed
C device to rescondg to the assertion of BOCUT (.

Once BRPLY L is received, indicatina that the adodressed device has
¢ stored the output data, the L°I’11 system bus Jintepface logic proceeds

immeciately to negate BDUUT L, This action acCelerates the 'negation
. of WKFLY | by the adoressed device, The microinstructions which folw=
( low the CUTPUT microfnstruction should not be ©f the type which check
REPLY W &p EUSY 4. Gtherwise the resulting wA]T state will cause mi=
creprocessor fdie time

C
To symmarizer the celgy in the execution of a Microprogram containing
C @ DATO operatjon may be minimized if3
1. The microinstruction immedatelyY Proceeding the krite microin=
1g@ struct1on does nct cause Busy H or REFLY H to be asserted,
2, The write microinstruction {s immedately followea by an OQute
C rput Ficroihstructio Mo
3, The acoressed device responds to the assertion of sDOUT L {n
minfimum time, -
C
4, The acoressed device responds tc the negation of BLOUT L fin
¢1n1wum time, '
C
5, The ricro1nstru¢tion immed1ately fo110wing the Output microe
C \nstructson doesg not check RtPLY H op BUSY K
( _
5.5 THt DATA=INPUT=0UUTFUT (DATIO) UPERATION
C
(. 5,5.1 0ATIU Minfrum Execution Time

Figures 5.,5-1 ard $.5-¢ il\bstrate the control signal action relevant

” to a DATID operation WhiCh executes Witlh mingyrum possible dejay, _T_he_
mfcrotnstructior secuince presented fs Read, Input word, Modity the

( g .
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6 datay Output rora, Next !fcroinstruction:

ACDRESS DEVICE, slGwal DIN

) R 8,4 H

{ 1w B, A s INPUT LU AND HIGH ©YTE,
Moa1rfy the cata : MODIFY DATA - )
Ow B,k s SIGNAL. LLUUT, GUTPUT wWORD

( Next Microinstruction $ ) ' '

The ingiviaual events which occur in the UATIU overation are aiscussed
q with the aio of Figures 5.,5-1 ana 5,5=2, wnich contain the Microcycle
reference nunmters,

{ Microcycle 1! kKeaa

‘ Tre execution of the Reaa microinstruction inm the tirst microcy=

{ cle causes NO change in the cortrol lines, The mxcroinstruction

executes to completion pecause REPLY H ang 3USY H (not SHOwn) are
unasserted at PH3, '

¢
Microcycle ¢ irput word (wait)

C The Control chip determines that a Reaag=Mogify=write operation is

to be cerformea by means of the argument contained {n the B re=

; gister field of the lnout Word micCroinstrictijon, LIt stores this

¢ 1nformdtaon internally and will not conciude the paTlO cperation
f‘;m Until 2m gutcout microinstruction is QU”Cqufu]]V comojeteda,

Because the Reac microinstruction executed to completion during

x Microcyecle 1, the acdress fnformaticn is rlaced on BDAL<15 Bds at
. the becinrning of PH1, ®»SYNCH jg aggerted at PHE, cayging oSYNc L
! C te be asserten at the beginning of pr4_ since the addressed deve

ice can cnly regpond to bBRDIN L (GUring thé inpyt Foptionl), which
. has not vet been asserted the Input word microinstruction check
C ct REFLY w at Pnd fails ana the wait gtate is initiatea,

Micrccycle 3 Input #ord (wait)

tecause the read microinstruction executed to completion during
microcycle 3, WDIN n (Mot ghown) is asserted at the beginning of
C prHe, 1he essertion 6f BUIN L follows immediately, In response
to EOIN |, the addressed device places Data on BUAL <15:¢2> and
returns BxrKLY L to tne processor, However, the wEPLY F/F s not
clockeo until Pkl am‘ ktr’LY H perra‘lr‘s passive chh mamtams the
Hajt state,

€ Microcycle 4 Input word (Irput Low Byte)

fhe asserteg state of BKPLY sets the HePLY F/F at the beginning
of PHi, Simce KEPLY H beCgmes active, the waft state is terpfe
nated aguring the Pr3 REPLY M check and the data chip stores the
low byte in a cesignated register, '

Micrecycle 5 Input worc (Input High Byte)

-
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- ,]“ 5

(. Since the PHy checx of KLPLY H is acain rassed, the Oata chip
o stores the hiah byte im a adesignatec reaister (determined by come
L plementing the low=ordger bit of the A recister fiela), - No cone
G trol siongls. are changyea Qy eitherp précessor or the addressed

cevice, ‘ '
qd 1o assure the minimym possible celay in the execution of the

irout portion of the CATL0O cperation, BKPLY L must be received at
tre grécessor {n time to set the REPLY F/F at the beaginnirg of
d MicrOcycle 4. (therwise the WAIT gstate will continrye throughout
Microcycle 4 ang the mext opportunity to set the REPLY F/F will
not occur untxl the beqinn1ng of microcycle S T S

C i
Microcycle o voo{ty Data '

¢ Becalise the Input worg microinstruction execuUted to omp]etion
guring Microcycle 5, wDIN H (not shcen) ata BDIN L are megated at

. the erc of FH1, The negation of WDRDIN M 21sp ‘cance)s REPLY H,

¢ The Keaa=vcajfy=Write operation maintaing #wSYNC H in the asserted
state, [he adoressed device responos toO tne negatiom of BDIN L

¢ by removinag adata fprom bBDAL<15:066> ana negating‘B@PLY Le B -

This example of the DATIU operation allows one microcycle for

moditicatioen of the data retrieved by the [nput Nord mjcroin=

@ struCt1Qn Normal usage would prebably reguire manxpulatwgﬂ of

the EF:\rE data wopd which woule necessitate at least 2 micprocy=

Q Cless SinCe nome of the data manipuistjon mjCrofnstructjons

. check the RegFLY 'H or gUSY H signals, exeCutlon can proceed With=
out deley.

C  Microcycle 7 Output Word (Wait)

i Since uFPLY L was nevated oy the agdresseu cdevice dupring Microcy=

C cle 4, tre REPLY F/F is clocked into the reset state at the Dem
gynn1nq of Pul, which cancels BUSY 4 (not shown)., Execution of

, the (Qutput ~crd microirstruction proceeds up to the PH3 check of

C REPL Y My KEP| Y H nag been cancellea and the WAIT geate ig infgim
ated,

C Microgyc1e ) Dutput word (Wait)

. Because the Uutput wORD ﬂwcr01nstruction executed up to the faila
( ing check of KEP|Y n during microcycle 7, wWOQUT 4 is asserted at
the neginning of Pnl, BDOUT L is asserted at the veginning of
PHS. ; el . ARAL

since this example contains the Qutput word microfnstruction,
) NidH and EWTBT L are mot asserted In the case o¢ 8n Cutput Hyte
€ microinstruction, the assertion of E¥TeT L would begin at PH1 of
Micrceycle g and end at PHl of Microcvcle 9, Alsg, as a result
of the partial execution of the putput wora microinstruction, the
. Data c¢chip Jmultdneously places two bytes (a full word) of data
on BLALCIS:Ay> T

(i .
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o In regrorse to the assertion of HDUUT L, the adoressed cevice ace

certs tre data output by the rrccesscr, ana asserts BRPLY L,

, HOwever, the REPLY F/F is not clockec until PHl amd REPLY p remaw
(i ins cassive which maintains the #AIT state, T )

Mjcrocycle 9 Cutput wWorg

The assertea state of HPPLY L sets the KeFLY F/F at the beginning
., of PHi, Simce PEPLY H peCgormes active, tnhe #Aajt state 1s termie
@ natec at tre FH3 KePLY K check amc the Qutput worce microfnstruce

ticrn executes to compgletion, The set state of the RePLY F/F also
A negates the LDEUT F/F input amd it is clocxed to the preset state
(. at the teginmnning of PH3, which negates vDOUT L anc also cancels
REFLY H, note that the Control chip ocetepmines the stéte of
KEPLY F &t the beginning of PH3, thus recognizing the addressed
G device resptnhse betcpe REPLY H ig carcelles via the resettmg of

the LCOUT F/F,

¢ Microcycle 1& next Micreinstruction

The negatiom of BRPLY L causes the REPLY F/F to be reset at the
C beainnynn of prH1l which neqates nuSY H (PRot shown), Because the
Qutput weraQ chro‘nstruct,on executed tp Complietion cur*ﬁo Micro=
cycle 9, WDYNC H {s made passive at the beginmning of PHE and

¢ WDUUT H is made passive at the beginning ©f FHy, The Data chip
‘ removes the outnut word fpom BLAL<1S:0O> at the end of PH“;
QF’ BSYNC L is clockea to the passive state at the end of PH3,

Amy type ot microinstruction may be execlWteg guring Hic?Ocyc‘e
. 12, sirce the hEPLy F/F was reset at the beginning of PHl, thus
C neQatina BUSY He

. in this example of a DATIQ operation, both REPLY H ang BUSY H

C (not shOWn) are cessive during micrccycle 1w As a3 result, any
type of micpoingtruction may te execyted. However. if ¢he nega-

. tion ¢t FRrLY L received by the processor is delayed past the DEm

° Q ginning of Pul of microcycle 14, BUSY 4 woula pemain activer thus
aelay1hg the start of any new 1/0 o:erations,
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FIGURE 5.5=2
C DATIU MIN PLUS NOD 2
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S¢5¢2 UATIL ticroproaramring Summary

The CaTIi oreratior, as irplemented by the Keaa=lnput=Moaity=0Outout
micrpimpstruction seauence, 3llows for varidple.delays im acdressed
device resporse to toth the assertiom and megation of Bpln L and also
to c©oth the assertion ano nelatiom of LOOUT L. The optimizing consie
derationg pelevant here are a comMbination of those dlscussea 1in the
DAT} and LATC contexts, o ' '

To summarize, tne oelay in the execution of a microprogram containing
a DATjO operation may be minimizea if1

1, The microinstruction immeagjately preceding the Kead Mmicroins

struction aces not cayse BUSY h op KEFLY H to be asser:ed.

2. The sdoresseo device responas to the dssertion ot BDIN L in
minimum time,

5, The aacressed cevice responas tc the negation of BDINL in
minirur time, '

4, The adaressed oevice responds to the 2ssertfon of BLOUT L in
A myn'"um time,

5, 1he saaressed vgevice responds to the negation of BLOUT L in
mirimum time, '

6, The microinstruction immediately following the Qutput micro=
jnstructiOn doces not check REPLY H opr BUSY H,

As an alteprative to cono1cion £ above, unavoioable delays may be
ut1l1zeo ty inserting aata manspulatxon m1Croihstruct1¢ns.

5.6 THE INTERRUPT UPERATION

Figures 5e¢6=1 and 5,6=2 {1lustrate the centrol sigral action relevant

to t?n {nteFrUpt of:eraticn. The m‘cro"nstfucticn SeQUence presented is
Reaa pcxnowledgoe, [rput word, nNext Microinstruction,

RA By 8 .3 SIGNAL DIN, 1ACK
Iw 8,A 3 INpur VECTOR LOw ANU HIGH BYTE
Next Microingtryetion . -

The inoividual events which occupr in the interrupt transaction are
discussea with the aig of Figures 5,6=] and Se6=2 which contain the
Microcvcle reference NumMoerPrs,

Microcycle 1 Read Acknowledge
The execution of tne Read Acknowleage microinstruction i{n the

tfirst mjcrocycle causes no change in the control 1fines, The mi=

.
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¢croinstruction executes to corpletion tecause REFLY H ang BUSY H
are unassertec uur1na PHS,

Microcycle 2 Inout morg (#nait)

vecause the keaa acknowleage nicroinstructaon executed to complee
tion Jurina Micrecyvcle i, the contents of the gesignated regis-
ters are placea or HDALSIS:ICY> at the beainning of PHl, Since no
agcress informationm s reguired fmn the LbI-ll system bus inter=
FuUpt transaction, anmy register(s) may be Cesignated, wSYNC H and
wIACK bk are asserted at the beginming ot PHP, 1The assertion of
wWIACK M holds the 8YWC F/F in the reset state thus ©locking the
assertion of HBSYNC L, as would ctherwise occur at the beginnming
of Fud, BSYNC ["is 'nniojtea because it 1s not requirea f{n the
LSI=11 system pus interrupt tranmsaction, ' ‘

The interrupting device only returns BRPLY L {n resconse to BIACK
He which has not yet reen asserted, Theretore, the wait state is
injtistec at tne Deainning of PH3,

Microcycle 3 Input sord (Wait)

because the Read 4cknowledge microinstruction executed to comple=
tion <curing MiCrocyc16 ly WOIN 1+ is asserted at the teglnn1ng of
PHZ, Jhe assertion of BOINL follows imrmeciately and is wused to
statlize the ~rioprities in the 1nterrUpt}ng device., Since REPLY
H remains unassertea, the wait state is maintained, ‘ -

Microcycle 4 Input word (Wait)

With the assertior of WOIN H during Microcycle 3, the INT ACK F/F

is no longer locked in the reset state therefore the INT ACK f/r

is clockec to the set state on the trafling edge of Pyl thus ag= -
sertyns ElACK H, In response to the aSsertiom of Bl1ACK H, the

interrupting device places its aevice vector on gpalL<153i¢d> and

aSserts EWFLY L, Howevers the REFPLY F/F is not clocked Until

PHl, wEPLY h rermains passive which maintains the wait state

Njcf‘ocyg‘le_ S Inpyt *ord (Input Low Byte)

The 2sserteo state of gRPLY | sets the RgFLY F/F at the begimning
of FHIL, Since REPLY K becomes active, the Wait state is termim
nated ¢t the PH3 KEPLY M check anmd the Data chip stores the Jlow
byte ot the cevice vector in the gesignateo reaister pair,

To assure minimym cossible delay {n the execyticn of the {nter=
ruct creraticn illustrated here, BkPLY L must be asserted at the
ProCesSelr {n time to Set the REPLY F/F at the bpginninq of MiCrow
cvcle 5, ' Qtherwise the wWait state will conmtinue throughogt M{w
crocycle § and the next gpbgrtunity to set the REPLY F/F willi ngt
occur until the beg inning of Microcycle 6 %g

Microcycle o input vord (input High Byte)

-
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f Since the Fr} check of RaPLY H §{s acain rassed, the Data chip
stores the hioh byte of the acevice vector {n a designateo regis=

. ter (cetermineo oy complementing the low=Oprder bit of the A pe=
G gister t1ela), N~NO control signals are changed by efther the pro=
cessor or the interrupting cevice,

q Microcycle 7 Next Microinstruction (Possible wait)

Eecause the Inmncut worg microimstruction execUtea to completion
a during ticrocycle 6, both KW3YNC H and WUIN H are maqe passive at

the end of PH1, Sinte wUIN H must be dssertea to enabje REPLY H
. during an interrupt operation, REPLY H also igoes passive, BOIN L
C q0es passive immediately, which informs tne ' interruoting device
to remove its vector fpom BDA <15:¢8>s The vector is removed
about the sare time SRPLY L goes rassive at the processor,

@
If the hext Microinstruction belongs either to the Fead or Write
. aroup, the state of BUSY H (not shcouwn) is checked ana a new Waly
c State Wwill be ihityateq Wh)Ch del3Ys tre C‘Pgiﬂﬁ\ﬂg of the next
I[/0 operation, = any otnepr microinstruction will execute immedi=
C ately, '
Microcycle & Next Microinstruction
G Since BRPLY L was negated by the interrupting acevice auring Mi=

beajnn{n® of PH1, whiCh cancels BUSY H (not ShoWn), A WAIT state
which may have been inftiateq during Microcycle 7 will be termi~
nated at the PHS CheCk of bUSY H,

(@ crocycle 7, the gtPLY F/F is clocked to the reset state at the

C Te assure minimuym pogssible delay in the execution of the intep=
rPUPt goeratiy, illustratec hepe, BRPLY L must g9, passive at the
processOr 1N time to peset the KEP Y F/F at the veainning of ui=
C crcecycle 8, Uthepwise the next oppoptunity to reset the REPLY
FAF will noe ocecyp yneil ¢he beainning of Micpocycle 93 and a
cossible wait state inftiated ouring Micpocycle 7 will continue
C agy leagt into Micpocycle 9, ‘
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FIGURE S,6=1
q INTERKUPT TRANSATION 1
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MICKOPROGRAMFING LSL=11 SYSTEM BUS TRKANSAUTLONS PAGE 532

Ssbel Interrurt lUrepaticn Microprogramming Surmary

The interrurt oreraticn, as implemented bty the Kead AckPowledge=]lnpyt
microinstructiom seauemce, allows for varieble delays in aodressed
device respOnse to botn the asseption anc hegét(on ot BIACK H, BOIN
L also takes part in the interrupt ocerationr, The timing relatione
ships betweer BJACK h and BOIN L is establighed by the (SI=11 system
bus™ interface logic, The return of BRPLY L and tne device vector {8
under contprol of BIACK H, not BOIN L as 1s normally the case.
Because wLIN n must te asserted before the INT ACK F/F can be set, the
Arite Acknowledce microinstpruction coes not asseprt BIACK h, '

To summarize, the delay fn the execution of a microprogram containing
an i1nterrupt cperation may be minimizea {f}

l, The microinstruetion immediately Prececing the Read Acknowl=
edce ricroinstruction does not cause REPLY H or BUSY H to be
asserted, ’

€+« |he irterrupting device responcs to the assertion of BIACK H
in minimum time,
H

3. The interructing cevice responds to the negation of BIACK
in minfrum time, :

4e The microprogram immediately fcllowifrg the Input microin=
struction does not check Busy H or REFLY H,

As an alternative to 2 above, unavoidable delays may be wuytilized by
inserting cata manipuiation microinstructionNs, However, due to the
13PgelY Unpre0iCtabls ndtuUre of the jnterrupt operat1onp it {5 not gx=
pected that the freedom to perform gata manipulation between execution
of the Resd hckrouledge and [nput microinstructions would be of any
general use,

g L
et DA
]
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601 GENEHAL

The ®yvll=sa L5i=11 writesble Control Store is contaimed on a single
B:5%1¢  dnmch oripted circuit bgara, The Wl3 mpdule (M8u18) Contains
the circuitry to supecort user Mmicroprogramming with the (S1=11 CPU,

Ungapr normal circumstances the user need not be concerned with the
narcuware detsils of wl3 modyle stpuctupe and opepation, Tn2 micpro=
gram trace facilitv is mace available as a software tool under MOOT,

Ihe #L5 module interfaces to the LSI=11 machine at two points the
LsI=1l syster bus and the microinstruction buss This configuration is
jllustrated yn Fjgure 6,1,
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THE LSl=11 »Rk1TEABLE CONTROUL STURE PAGE b=3

bed The vriteable Control Store Memory

The memopy corponent of the Writeable Cortrol Store moaule consists of
124 24=oit  memopy wWOordads, This memory is irplemented by high speed
stagic gemiconadyuctopr memory devices, Sirce the memopy is statics, RO
refreshing is reauireo, but the the semicopcuttor memory is Oo]ati]e,
so the cortrol store must be reloadeo aftep eath powelr up. '

hael Contrel store Microword Urganization

A1T 24 Bits ot the microword are stored icentically, The micpoword
opaanizarion ig detepmined by the furetiening 0f individual bhit fieldsg
ana by tha acecesg timing relative to the micpomachine cycle (m1crocy-
C!e)¢ da S,;)o'n in t--,\ure bacs the 24 byt r'(,S x.gc:r“owgl‘u is Cer;‘oged ot
the standarc 22=bit microinstruction, M1<2lié>, and 2 additional bits,
MIcg3322>, wpich function as extended TTL contlfol bits., .

br2ulal Stamcard p2=nit Microword MI<21ig> = Ine WUS pemory rFrovides
sterage fop the standard 24»bit microwerds, This microwoprd is comm
pps2d of 4 fumctiporalily distinct apd 1pdep0ndent fiejas, as 1]]ustratm
ed in fFiaure 6&,2. Tne three lower fielas, MI<i72, MIR16>, M;<l& >
are gelivered tg the miecrgorgcessar for executlon during the ‘micro=
fetch ogerations The upper field, m{<21318> is alsg accessed during a
micrateteh, but is JP]1V9P9C direct]y tg the pPQC@,aor moduje, . These
4 prts see gecoded by the Special gontrol punction Lo0gic on the [ S1~11
CPU and provide TTL CompPatibye Ccntrol siona]s which are svhchron33@d
with the verticel mig PO!“btrU&tiDnc

Recaraing the standacd 22-bit micpoword, the writeable comtrol gtope
merdpy 15 furctionally ijMtiﬁaj to the plCRou¥,
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body1,2 Exterd TTL Control Bits MI<23322> = The w(CS memory provides
storage  faor twe additional comtrol bits, calleda the txtended TTL com=~
trol bits, that are not found in an  LSi=1)  MICKUM, Both ©oits,
Mle£bicds, agrceapr at the WS module fingers fOp USEPr access via backe
plane connection, The nighegy pig, MI<23», ig used oy the micpoad=
dress trace circuitry on the wC5 mocule, These extended TTL contpol
bits provide the user with adaitional contpol which s synchponized
with the mjcromachine ogeraticns, '

b.de2 sriteatle Control store Page Orgsnization

The lued writeanle Control Store microwords are crganfzed as two 512
micponOpd paGegs  The page organization ppoyideg fléxini?ity in con=
trol addregsing as well as a centrol stope diadnostic capability, 7Jhe
pace organizatien is illustrated in Figure 643 ' s ' T
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£,2s241 Control Store Microaddressing Moges = The wis module comtains
B UIF switcnes which determine the relatigmshic of the alS memoly to
the | .5I=11 micromachine control store microaddress space, There are
four address nodes which are of general use &nd the switch positions
for each mode are l1uatratcd below'

Sw 8w S 3 3wl RYE) Swe swi Swe

MODE 1 ON UrF CFF O OFfF OGN QFF -
MUDE 2 OFF  On OFF  ON OF f OFF  ON -
MOCL 5 GFF LrF ON oN QFF ON OFF -
MODE 4 ON CRF o CFF OFF  ON OnN OfFk -

The address modes are extlained as follows:

Mope 1 The #L3 memory responds to microaudresses 2404=3777 (cct§})'

- This s the normal mode because MICKUMS @ andg | contain the

L31-11 emulation and console T microcode and respdnd to
microadoresses GElu=1777 (octal).

MODe & This is the Pﬁq1nu mode im Wwhigh poth 512 microword Pages
responrd  to centrol store addresses In the 566k=3777 (octal)
range, The Gﬂge from WpiCh the conmtrfaj Store m,crcword 13
ult1' ta2ly  accesses is  detepmined by the WS opage 1091cp
This lggic is initialized by asserting the reset £it in  the
certrol/status pedistep, CSR<IS>,  gnce resety all microad=
dresses point to #(s page 4, The WLh pages are swapped when
the the page congpol F/F is treagled by piac1mu a W7 (OCtalJ
edge in Mp£2l: 1oy, The pagyes are swapped immediately aftep

ghe ©icroinsgryceion congaining MI<21:i18> 2 €7 is acceéssed
in contro] stope and sun%eu went  conitrol  store microwords
are e -accegged fpom FAgk 1, A gecond occypance of G7

ML<€cls1d> togules the pace control F/F pack, and micpowords
are atain fetcnpa from M*b& 1] o

MODE 5 The WUS memory responds to rmicroaddrésses 20EE=3777 (octal),
o This is similar to MUDE | except that w(S memory pages are
puanently %Udpﬂeua mulbE 3, theprefore, groviges the diagw
noatic Capa L111ty of axecuting a given microprogram out of

griterent physical memopy locations,

MUGE 4 The wLS memory responds to microaddrosses detvalyyy (octal),
Thi mode woyld Mog nopmally be yged becayge mTLPUj& ¥ and 1
srona to this same pegion,

In a1l of tne modeS deScfibed abCvesr the LS memery is loaded from the
L5I=11 system bus via wW(S RAM addresses Budua1777 (octal), Fiaure 6,4
jllustrates the relatjonsnip petween the #LS KAM  54gresSses and the
responding  microacdresses for 2ach of the four rodes. Note that page
P is always accessed Via the system bus jm the WCS WAM  address rapge
BBRe=U777  (octal) and similarly that Page | is always accessed inm the
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e wLS RAM sdaress range 19uv=1777 (octal) range,
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he3 ARITEASLE (ONTROL S5TURE MEMORY ACCESS

The memopry containmed on the w(S modyle may be dccessed  §in twWO  ways:
(1) by the microrgeasser chip  set via the ricroinstructioan bus and
() oy the L51-11 processor via the L5111 system ous (using normal
PUPWI‘ Tﬁ:?ruﬁ,t10h3). ' A '

b.3.1 Microinstruction Bus Access

Figures %a5~1 ard 5,52 {l)lystrate the LSI=11 micpromachine configura=
tion which <cortains vboth wr?tﬂao] Control Store and MICkUMs for miw
CrocroQpra™ gtopags, ine first hala of the 11lugtration, Figure 6,5=1,
agpearea  eaprliep in (ha;?er 3 as Figure 3,3 (nsCrQWachane Inter=(Chip
Wiping detail), The gecond half of the 1Iu stration, Figupre 6.5=2,
shows . the interconmections to thne wW(CS mosule, Inm agdition to bus inm
tPruu“ﬂﬂct1Oﬂa 2t both the machine andg 1CPomach1ﬂe level, t¢the w(35 mo=
dyle alsg requires conmecticons to 8 of the procassor moaule cloek
phases. PHB Hoend PHG H, The wiring for these two connections is con=
tainea within tne microinstruciton bus fnterconnect cadle, '

A Wrijtesnle Contrel Store memoary agcess by the microinstryction bus {s
read  0nly, There are no nicro1mstructicns whicn alter contro] store
mamory via the W1cr01ﬁ«truCt1OP bus»
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ACS MICRUTANSTRUCTIUN BUS AND SYSTEM HUS LNTERCUNNECTION

FIGURE 645=1
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4CS RICRUINSTRUCTIUN BUS AND SYSTEH BUS INTERCUNMECTION

FIGURE 6.,5=2
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The furction of each of the 24 sigmnal paths N the microinstruction
bus inmterconnect <canle ds listed im Figure 6.6, MIB<iutypd> carries
the microacaress ,n4pK<luily>, to the WCS during the control store adm
dressing pnasze of the microcycle, The WCS then respends, acuring the
control store access phase, by asserting the microinstruction wopd oN
MIB<211b>, Ngte that the MIB<{U33> Jines are time=mUitiPleXed fOP 8d4=
dress ane gata information, tor a 2 cycle microinstruction, dauring
the first microcycie, a Control Store gjsabi1® function (CSD) 48 per=
fopmed with HMIp€le>, [t mig<le> is asserted by the control chip dur=
ing PrHZ, 03 respons€ durjng the pext microcycle 5 Gisabjed, Tne py=
ghest 2 bits of the W(5 microword, the pxtendea TTL centrol bits, do
not acvcear in Figure 4,5 since they are ngt used by the LSI=11 CPU mgo=
dule and consequently are not carpried by the w8 intepconnection
cable, ’
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MiB<ul>
MIB<u2>
MIb433>
MI#B<d4u
Hin<ah
Mld<io»
MIBR />
MIB <Y
MIB€09>
MlBsiiu»
Mib<tl>
MlB<12>

igel 3>
MIg<14>

Hingl19>
IR e
MI<| 7>
MIB<1 &>
M1a<19>
MIB<2u»
MIR<21>
PHP W

PHAO H

6,5 1,1

releyant

WRJT@&EL; CONTROL STORE

ADURESS CYCLE

“n P AR T W o) W R R R N W s

MADR <1>
MAURCHZ >
ADR<W3>
MADR<GY
MADRKIS >
MADKR<via»
MAORSET>
MADRSSB
MADRKG9»
MARR <G>

(S0 <lo>

PAGE 6=14

ALCESS CYCLE

T Rs DO L W MR B O W

Mle@l>»
Mlcype»
i<y 3>
Mmi<idd>
Mlgpss
Mi<iie>
Mlgw 7>
Ml<hg»
Ml >
Mlgin>
Micy>
Hig12>
Mlc13>
Mi<yy»
Ml<] 5>
MLig]bd
Ml<y 7>
Ml<1b>.
Ml<19>
Ml<2d»
' nl((,’,i)
ﬁLo TIzING WLS TlMle

MICHUINSTRUCTION 8Us ACCESS FUNCTIONS

&)910

Store Accesg Timing = The contpol gtore access timing

WCS moaule 1s

the same as t"e MICRUM access timing,

Thisg éiwiﬁg appeared earlier as Figure 3,17 (r1CROM AL(tSS MICROIN®

STRUCTIUN
the f}éurﬁp
instpruction

nectedd
actqyve

Duping tha
assepted

duping

as  Figure

ang is

Pkl
stpare,

YCLE) and
“05 module
times,

nigrocyecle of
cchtrml
f@ll@w?”q mig

Mlep1118>,

cpocycle

repeated here as Figure o, 7, As noted in
ates Not peptfopr pr96h6”Q1ﬁQ of any micpo=
This function
to the microinstruction
Comtrg] bits,
the be qsnﬂanq o f
the control

is provided by every MICRUM cona
It is impCprant also to note that

remains asSerted {actyve 1oW) from
throuah tha end ot Pri wh2reas the lowep bits of
Pley7rgone ??majﬁ asserted GUr,n} rﬂl onlYas

a two micpocycl® operation, Mld<§b> is
cﬁip to dissble the control store response
The releyanty timing appeaped eapliep

(x 1€loﬂ Atcess ﬁ1mroiﬁstruétion Bus Lycie (Disavjed))

epeetem hﬁrﬂ as pigure 6,3,

A9ain, the WcS§ "moduyle performs
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exactly as 0o the MICRUMS, with the exception that only the MI(,:R_QH§
orecharge tne M8,
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) CONTRUL STURE ACLESS MICKOINSTRUCTIUN BUS CYCLE

@

FIGURE 6,7

NMote: The Mlk precharge function is only provided by MICROM control
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6s3.102 Extendea TiL Conmgrol Big Timing = The timing diagrams f{1lys=
tratea {n Fioure 6,7 and 6,8 also show the ti®ing relevant to the exe
tenaea TTL control bits M1<23:22>, Thepe are two Opepational chapace
teristics whieh agifferemtiate extended from standard control Dit tima
ing?

le Both extenged TTL control bits are Jateched for an entire mim
crocyele, from the paainning of PHl t0 the end of PHU,
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g, 3ince the extended TTL control bits are not Qutput to the mie
crojnstruction Hus, they are rot atfected by control store
disablima., Comseaguently, they appear at the system backplane
during the microcycle immeagiately f0llowing the transmitted
microacdress whethep op not the wCS méduyle was enabled,

The consequenrce of (1) arpove, 1s that an output signal can be produced
that s majntaimed sor mUlt{RI® microcvycles, Por QXGm»]~n this would
be aschieved by sgsemtbling a | ingo successively execut1ng Mi<z23>» or
Ml«ed>» loeations, The conseguence of (2) abCye 135 that the extended
TiL conmrpol bits may be asserted ome microcvele, petftore a microina
StruCtinmm  that was M1<23> or MI<223 sat tg @ "1", Thi{s 0CCUPrS ¥Yhen @
2 cyele micgroinstruction 1mmediately precedes (in W(S KaM) the ricrom
insteructicn that has MI<23»> o©r MI<22> set to a "i" (wnetner or not
that micproingtruction is executed) gince cyring the gecond (op dig=
abled) CyCle the VCS Sti]] ACCes5eS the neXt ScgGuUanty@) microfmsStrucm
tion, o

5s3+2 LSI»11 System BUs Access

The Writeable Lontrol Store RAM memory access Oy the LSI=11 system bus

is HReau/wpite, The wWCH module gystem hus lntepfac@ logic suppOrts
only prograrmed I1/0 data trdhafgr via the system tus intertace regise
tepss Ihe Ccﬁf3burat10ﬁ and operation of these interface registeps

are discussed in section 645a

hadh  THE MICRUADDRESS TRACE FACILITY
The wpiteable contrel store option has a lb=wOrd microaddress trace

facility which is an  aid to microprogram det JQw;ﬂg, The trace
harQWurP ig nopmally caﬁtpollpd by the opepator undep Mu Ta

bala1 picrosddress Trace dyuffer u;gerati‘on

The hardware portion af the ﬂacreadare¢s trace facx ity comsists of a

16=word reC1rCu13f?ﬂd buff which 1g continyousgly loaded with the
148t miCroo0Oress asserted on thp m{Creinstruct on DUS DY the mijCro=
processor ccﬁtrnl ch1¢; Tme wutfer therefore Contains the last 16 mi-
crﬁadﬂrmssag fresented ty the Coptrg] Store (elther tne WLS o MICROM

including the ﬂ**a led cvele of a 2 cvele microinstruction), When it
is desired tp freeze a mitrpaddress trace for €xaminatish, the goerae
tore via m0LlTs sets pp%€3> (one of the extended TTL bits) of the mi=
croword that 1s to te the LAST microinstruction in trace outfer, wWhen
this microinstruction {is fetched by the micrCprocessor Lontrol chip,
the w(d hapuware innibits tne microaddress traQP buffer cloox, Unce
the c¢logkx i3 innibited, tho trace buffer cofitents remain yncharged,
The operalor may trpen 8CCess the bufter to Peau the trac@Q microads
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dresses in the ocpradep of the actual execution, (See Section 6,5,31'

The trace buffeor ig implementeg with thpree liaxf%ebit random acCess mems
orics adupregsed by a depig couyntepr, The cCy”ter 1g Mopmally clocked
ContinUolsly, thus praoviding a recirculating, 1nereasipng address sew
quence (moaule 16) to the vUvutfer memoriess #nem the microprogram
trace hasg been halted, each of the stepec microadoresses can be aC=
cessed (See Section 6,%,3.1), “ ‘ ’ )

The forimst of a trace buffer word is shown in figure 6,9,

bo8s2 LS ENGELE BILT

In adagition to ©roviding a reacdoUt of the 138t 16 microaagdresses on
the MIs, tne trace buffer also indicates whether the wi(3 responded to
the mitredgaress, The Dutfer Stores am extra ©4t (Dit €11>), the WCS
Enable ity aleng with each microaddress, Inis bit 15 cleared to
when the “(S was oisabled during the micrefetch? amd set to | whep  the
MCS was erabled, Thnis ts useful in determining rmricroprogram execution
delays incurrec during gata access (system bus [/U) gperatigns.,
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H'lc;».gu;\i,)!gggss TRACE %;‘sU"_F&;R WURD f();f-iar

& ' F.I_G%JPI{:.' 5,9
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5,5 LSL-11 SYSIEM BUS INTERFACE

The wW(S interface to the L3[-11 bus {s similap to that of othepr I/0
devices which supoort only Ppogprammea 1/ trangactions, The device
adaress format is a modification of the General! format presented eafe
liep in gection 2,2,3.1, Tne primapry features of the #(S inteface rew
gisters are that tnere is » single control/status register 5nd  that
two other registers are reqguipea to proviae the 2d=bit access path fop
the WS microweord, In addjtion, one register 15 muUjtipjexed to Drow
vide access to the microaddress trace tuffeprs All WCS interface re=
gister formats sre jllustrated in Fiaure 6,10, The register addresses
on the LS =11 syster bus ape 177544, 177542 ana 177544, ‘ )
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w(8 Control/Status Hegister

The specitic ftunctions of the WCS control/status register are expla=
¢

accordirn to the related bit=fielas,
21> Regad/write
when (Sfeld» is a "6" (WCS module is mot enaplied) this tield s

tha Zwnit  WCS  WAM  address ana is Reﬂd/urite (Csk <> §s the
jowwspder Dt Sﬁr\d F;Sh'<<7> i3 the h‘lgh nrdel Tit), ‘

when (Skeld> 45 5 "I" (W(S module is enabled)s, tnis field is Read

only  &endg centawns the last micrcaacress prior to the actual bus
cycle of the FUOP-11 instpruction th@t is used to acces the conw
trol/status register, Normal usage of this fie 14 }s the former
CaAse,

CoR<l131s> Resa Unly

n

Tnese oits are unused and always read as "ug",

C§R<}8>-Rgad/wr1tg : :

This bit functions as the writeable Contr0l Store Enable, After
it i set to "B", the W(LS5 module makes no reSaonse to the micro=
instruction bus, and the 4LS AAM can theh be accessed by the
L3 [=11 ous., when §t is set to a "1", the ~CS module responds to
microaddresses In 1ts switch=selectes rande, and the w(S KAM canm
not be altered by the | S[~11 bus, ) ’

R£i%> Re eaa/write

This pit functions a5 the Examine Toggle tor the trace pUffer and
15 f(_)("'(_;]@(j ro examine ,csqu@ﬁtﬂa] trag, WOrdS, Its use is ?urt'f’?er‘
explajnad in Section 045,501,

COR<14> Read/wprite

rhis bit functions as the Trace #ode txamine, [t should be set
to ¥ fop noermal contpol stope operation, when it is set to 1,
the fnterface register lgcated at 177542 TMay be read to access
the trace wordr as shown in pigure 6,11, wnote that the trace

Wwerd appears as Be;d Onlv informatijon (aeﬁ SeCtion ©452341)a

C8R=|9» Heaa/4pite

ihis bit functions as the wCy P@set, shen set te a "i", the conm
trol store memory Paging loq 18 reset to PAGE ¥ smg the IPrace
Hutfep amdress is sat to 2 "U“' subseauently clearifng this Bit
to A " epanyes tne 93Q1n3 ]gqqc and tre cQunter that supp]ies
the Trace puffer address,
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5,52 w(Y emory Access Hegisters
When CSRel2>» is a "u", the w(b module is not enabled to respond to the
MI3, The w(S module device reasters, which function as W(LS RAM data
3cc%ss registers, ape 177942 ana 177544, ag shOwm in Figure 6,18, The
lower 1o ©its of the microword, MI<1%30», are accessed via location
177242, Ihe Figher B eits, MI<25116> are accessed via location
1779244, Note that oits <15:18> of loc catjon 1/7544 are unused and are
read as "u", The aaaress of the wCo RAM m1¢roﬁor@ 3¢¢essed Via these
registers is determnined by Q3u<9’n> '

Both WlS memory a8cceSs registers support Keag/hrite access only . vWhen
the 9C3 s owcaﬁlpq (C3R<12>=1), The Kpite mcde, implemented by a
DATU eperaticon, alows MCS mamory to be loaded, The Read mode, imple=
mented by a LAY opepration allows the W(S memOpy cOntents to be exam=
fned, Hecause of the 24 pit length a sirgle microwora must be either
Wrltten cr reao 8s two Operations. |

Wwhen the (5 moaule {5 enabled (C5Relé>= 1), both WCS register 177544

and 177%44 ape KEAD only, and the data which is read wall depend on
the type instruction (or conmscle OGDT) that is used to acces the res
gigteps - Thig is aye to the fact that, when ena blad, thb qu module fsg
De1na adcressed only oy the M8, ano the m1cr0dddr cresent on the
MIF cetermines the “(3 KAm ]ngatinh that is accessod, '

Proper aisaoling of the wCs module in preparation for system bus acCe
cegs Operations proceeds as fcllows. '

éfgp i LIsag Lt NCbZ
(1775u ) <= BROWoR

STEP 2 #RITE DESIRED ADDRESS (w1TH CSk«l5»=9) INTO THE (SR
“EfORY 40DKESS REGISTER
(CSR<9§§>)E "(%7753J) <. BUBETTT

Faliewing ster 2, Fedg oPF wirite oberations may be Peftormeqd at LSI-=11
locagiong 177542 and 177544 to access both parts of the stored micro*
W,

5:5.3 Mijcroaddress Trace Regjster

Mhen big <143 of the control/status registepr is set to |1, 1oc§tjon
177542 Mo lerngerp functions as a memory sccess register, but as a trace
oufter acCoss reGister, as zhown in Figupe 6,19, The gpecifications
of this register are exp1ﬁ1neﬁ arrcrd1hg to the pa1atea bit fielaus:

MIk €1Q1¢>
This bit field contatins an ll=pit microadurass MIR<Q2U> peing the
los=graer micrgoaddress DIt apd MTR< > Deimg the high grder min
croaudress bit, The value read from MIR<lUILI> §s the value that
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appearead  an  the microinstruction tus while the microprogram was
peing traced, '

IR« 1>

This b1t {s tne value of the w(S Enable Bt which is stored in
the trace vyufter alonq with eoch micrpaddress, A value ot 9 in~
dicates that ACS response wWas disabled for the micrccyc]e.
MTFelZi1%>

This bit fielo contains the 4=poit (rooulo 16) adaress of the
trace btufter memory, The couynter value 1s made avallable in the
traCF’ woprd O JTw 1h dum,“in the hyffepr cONtentsy jn the propenr
order of occurrence, ’

T haBed,l HMicroag aress Trace Buffer Dump A1qor1thm = Proper operation
of the microadaress trace huffer har ware reguires the f011ow1n9
sterss ’ :

I, The trace butfer s 1hit1é7139d oy asferting C8k<i5>,
2« The last microfnstruction to be traced contains a value of 1
iﬁ }il<f;'3>n . ’

ATt”r the trace buffer is 1ﬁitia1ized, the trace butfer is continually
updatad to cont tain the lé mogt recent microaddresses p’aced on the miw
\,mOﬁr\ rpu(:r'!(“af‘ t"ua oy he ’nl(:ﬂf)prQCSf*r‘Q* Cbﬂfrﬁ) Cr‘?p‘ The buff&p
contents “are trozen when the microinstruction containing Mlgedszl i
accegged, lhe byffer contengs may be gubsegueNgly dymped by placing
the wC3 ppoule ip Bxapime Trace pade apo thep subseaquent)y accessipg
the trace bufter contents, The algorithr used 1s {llustrated in Fiae=
U8  Halls ligte that the bufter ppmorv address must ove saved before
the toagle/micreaddress store Joop {s entered to crovide a reference
for amy subseguent tests, AjSgo note that every U3 R write oberation
must coOntain a 1 in pit 14> to maintain the Tr@re [;xen*inr tnabl?.
The fipa] 2 evepts 1ipn the flow chart reset the Page Loq\c and the
Trace puffer 2na pre=enable the WCS memory response,
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MICKUADDRESS TrACE BUFFER DUMP ALGORITHM

o FIGURE 6,11
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NRLT Eanlt CONTROL STURE MODULE CIRCULT DeSCRIPTIUN

The basic functional biocks of the wC5 moaule are fllustrated in Figm
ure ©.lc, Thig circuit description is intenced to afa unﬂarstandinq
ot the schematic 9fagrans supplied with the ACS madule,

Gabal Cleex Le erneration

The ¢lock genepation cipcuit receives as input 2 of the 4 TTL micprocy=
cle clock phases (pH2 M, and PHU H) fror tne L3l=1l1 processor module

TheSe cloek 5ignals afe connected to the NL§ mtgule Vig the microin'
strpuciton hus interconnect canle nNote that only pprocessor modyles of
etch revision F (LS Rev Y) op lat er have the necessary clock signals
available at the empty MICRUN Seccket, E3& (normally used for the
KeV=11 option), ’ “ -

The ciock gerepraticon cipcuit then derﬁvea@ditiOnal 2 separate signgls
from its inputs, namely, PHL 9 ang FH23 M, PHE3 H 15 nigh centimyous=
ly ¢uring microcycle phases & and 3 ang is useS to enable the standard
TTL contpol Bitsgs. Pl H emab}ég ths'guzgut cf ml<i71d>, )
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wCS MUDULE FUNCTIONAL ELOCK DIAGRAM

FLGURE 6,12
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.,0} bebed LoONtrel Store ¥emory and Micrcacoress MUltiplexer

The comtrol stere memory is implemented with 24 ranaom  s¢cess memopy
integpated cipcuits each haying a 1= Bit by lao24 Qroahizat10h. The
tontrol stare nacg grdaniZation 13 estabiished oy the microaadress
multipolexer §n comjunction with the paging 10aic, nNOte that the mi=
CroinstrucCtion tus jncut to the miCroaddress muUljtinjexen i85 11 bits
wige ({wat=2iud) and the nmultiplexer output 1s 189 bits wide
(lmot=1224), " ' o

2003 LSl=11 system Bus Interface

he system bus inteface is implementea with integrated bus tran=
eivers (RC4¢5) and a proteco! logic circuit (DCZ24), The pead pgop-
on of the 4 possible reaister fopmats is determined by the read back
1 iulexer, The axtended 1T contprol bits are available on the WCS
11e rear f‘n“Qra at locations which are normally Spare, Note that
bus adapéss 1/7346 1s blockea (since this {s the adéress assigned to
the AdVe1l option), ' )

bbb Hiecpoinstructicn BAuUs Interface

The microirstruction bus ﬁm*e»farﬁ 1s 1nm1am nted with sppcial integ=
rated circuits which inteprface the MOS logic levels to the TTL levels
on the WLS medule. only 12 recelvers are implemented (npf<lvio> and
Miﬁkib;),‘ and since <2< bits of the stoered miCroword are peturned via
the miCp0INgt yction “—?’&JS? 2 dpiveprs ape 1m;_}e'*‘erwo@, The ph{ises dyp=
in3 which the contrel stere sUtput is asserted are geterpiped by the
output enable circuitry, control store output is enabled cenly whenj

1, An appropriate microaddress has been received,

L

2e The #Co module 1S erabled (C8R<12>31).

5« ARG when the control store disavcle bit (#M[n<16>) wasg not as~
serted by tn2 Lontrol ChiP on the previous cycje (Phﬁ).

6,6,% #icroaadress Trace Buffer and Counter

The microadaress trace facility is imolementea by three 4x16 bit ran=
dom access mermories, one d=nit counter which aGdress the memories, and
&355&»;1(11@(1 C}a:?jnq and C:}Q»..;(jnJ 10:1Ca ASSePthm 3% C;}R 515> C]pa""
the counter and restores the ¢leck irput (Frd) te tne counter, The 16
micrgaddress cuffer jpcatis, preduced by this Copfiguration are gaded
from the output of the microacdress multipiexer, MapR<Fsk>» it <112 §s
tayen directyy from PIE<11>3,  In this way the stc.ﬁg microaddres 5 rew
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flects the control store address nlaced on the MIp py the microproces=
Sar Dontrol Chig, The Cuffer Contents are exarined tPOm the system
bus interface via the read hack multiolexer, "

6.7 ARLITEABLE CONTRUL STURE HARDWARE SPECIFICATIUNS

The items contaired in this section provide a auick reference for mo=
dule hapdwuware details.

6,7,1 ULimensions

The KUV1ledA LSIw=11 writeable Control Store option conmsists of (1) a
stamdapra quad heicht, 8,5 by 12 inchemyltilayepr prirteo ciprcuit Doapd
(MBU12) with Signal €tCh on both S{des and 2 {nper jayers (V(C and
GNp) and (2) a Microinstructior pus Interconnett ganle, -

b.722 Powap keguirements

The only power supply voltage requipred by the w18 module is-+5 volts,
Conmection to the +5 yolt supply as well as gpouynd petuprn is esta~
blishes thpouch the mocgule fingepr/backplane intapconmmection, The sup=
ply voltaue tolepance is 719% and the cuprent arawn fpom the -+5 volt
SUPD]Y §s 3,4 typjcal (7,444 worst c¢asel,
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Lsl=11 system Bus Backplane Pin Assignment

The figure below lists the »(C3 module (MaYld) bvackplane pin assign=

mentss

AE L
AF Y
AaJ1
ANy
AT
AAD2
AC2
AE?
AF 2
AMHP2
AJ2
AK2
AmM2
AND
AR2
AR2
A3
Ade
AV 2
Bal
BJl
Sht
BT
BAZ
BE2
BF 2

Mlege»
Ml s
GND

GNC

BND

+5V

BN
HDOUT L
HERPLT
HDLN L
45 Y NG L.
4w TBRT L
BIAKL L
HIAKU L
BR37 L
AOMGL L
BOMGO L
HDALGE
GRAL 41
HDLGK H
GnD o
BND

LB

oY

(SFOM 4 H) BH P
(SRUM 8 H) 32
‘ HK2

di.2

2

drig

pe e

HR2

352

3T2

BU2

By ¢

(JUMPERED 10 An2) €1

o ) i oMy

CT1

(JUMPERED TO A32) CAZ

Lee
L | Cig

L ' Cue
)
Cse
DJ1
Dami

DT

dtAaLye L Va2

BDALYS

L e

BoaLody
BOALNS
BUALUS
poAL@7T
BOALDY
BROALGY
BDAL 14
50AL1L
BIALL2
20DAaL 13
BUALLA
BROALLS
GND

GND

L GND

+ 5V

+5Y '

BLAKL L (JUMPERED TU CNe2)
BLAKD | S E
BOMGI L (JUMPERED TO C82)
BOMGO L T '
GND

GND

GND

*3Y

GNP

LsTall 35Y5Te™ BUS BACKPLANE PIN A5SIGNMENT

FIGURE 6,13




THE L5I=11 wRITEASLE CONTROL STURE PAGE 633

wo 6,7.4 Microirstruction Zus Connactor Pin AssiGnment

£

M
&

%&u}

%

i

&

%

Ficure 6,14 contains a table which lists the pin assignments fopr the
microingtruCtl1or rus interconnect cable, All unlisted nymbeps have no
connection ot eitner ena of the cable asseroly, The pinm assignments
are the game at tecth the pprocessopr module enc and the WLS modyle end
of the cable, rowever, because of two series Matching reqgisters (pins
24,¢%) on tne CPY eno of the canle;, (irside the cavle aggembly), the
cable plugs are WUl interchsanceanle and the processor module end Ccars
rics =2 special desiagrmation, A conginuity check of each gignal path
will sroduce 2 low rasistence reading (less than 1  ohm) exceot for
pirg 24 amg 25, Thege ©aths cappy the microcycle clock thages and
cortain a 1¢? Urd series resistence on each path, ' )
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CABLE PLUS ¥IH NUMBER
(HOTH ENCS)

— G~

“

oy
—

12
15
14
19
16
19
24
29
2
27
28
&3
3
31
32
35
34
35
37

18

FUNCTION

Miug1s»

MId<14>

MIg<]{3>

Mid<12>

MIH<io>

MIB<17>

MIh<18>

MIB<1Y>

Mln€2e»

Mld<2l>

GND

5:3 2 (106 OHM SERIES KRESISTANCE)
[ I [N B N = e 0 . N e
M15<11§1hk it SERIES HESISTANGE
Mlngld>

MIg<9>

Mld<ad>

Mig<y»

MIZgh>»

Mln«as»

mlB<d>

Hig<i»

M1B<2>

MmlB<y»

MIB<y>

MICKDINSTRUCTION BUS INTERCUMMECT CABLE PIN A%SLGNMﬁ&T

FIGURE b,14
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67,5 1TL Lontrol dit Summapry

The T1L contero]l bits whigh msy pe ysed by the Ticroorogrammer to 1ssue
control  pulses whmich ape symchponized with rxcroragh1ne operation are
stored in the top & hits of tre contprol store micproword, M[<23318>,
The staptard ITL  Cantrol Bits, Mi<21:18» dyrect)y drjve the spécia]
comtro) funmction logic on the 31=1]1 pprocessor module, The bit field
vajues which are pot deceded by this 1g81¢ may be emplovyed by the ni-
croprogprarmaer/interface negianer to fmplerent synchronized functions,
The extendac 1TL Caontrol Dits, MI<2%322>, are 2 feature of the wW(S Mgy=
dule, Figure .15 Tists the vackplane pin assignments of all TTL con=
trol bpits; only FH3 of the microcvec)e is svaijabje at the systenm
backplame wnich may be uyused to enable syhchronized decoding of
user~defined contpol  statess The following timing getails should be
ec?}lﬁd fPom SQCtiOHS Babalel antd 5,3%,1:2,

Ls 7I<21:8> ape valid from the beginning of PH1 to the end. of
COPH3, .

2o MILKZL3iF7> gre val1d througnout the mycrocyrle and may pe Used
to create a signal which ig assertea :ont1ﬁu0usly over multi=
ple microcyeles :

5 unly #l<dli8> are synject to coentpol store disapling and
MI%25332> apmedr redardless of the disanle s1cnal (u1m<1§>),

It Should further be recallea from section 5,5 that M;<d§> is snared

ith the microaddress trace buffep funrctionss rowever, if the trace
fea Ure {8 not ut4q)jzed, P1ﬁ¢s> Can be used jn the same hqon as
Mi<dgZ> : ‘ ' )

Figure a,le ¢ comtaing & table which ligts the srecial contro] functions
which apre geccded by phe L2l=11 pproceggop logic,. Ficupe H415 algo inm=

d1c§tes that octal code ©7 is used to swap wWCS memopy DdQPs oaapp1ﬁq
its effecred enly wnen NE 2 congpol gtOr@ nerioay aaﬁr@ssang ha eﬂn
selacted via the WL5 module optien switches (Section 5 2 2y,
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PROCESSHR
PRUCEISOR
PROLESSUR
PROCESSOR

PROCESSUR

S1GHNAL

LI ]

5RO
S (jm
Sk
Sy

SR

S

SHHA3

.

8]
ri

W =

5

CUNT

CONTROL BTORE

DEF1mITLON

e R I IR e N M MR T

Mlglas
Mlg19>
Mlgda»
MLle21>

Ml<22>
’M;<35>

MLCROCYCLE
PHASE 3

PIN
001
Dk 1
DF 1

DHL

At
AF2
oci

RCL PIN BACKPLANE PIN ALSJGNMENT

FIGURE 6,15
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BiNARY UCTAL FgNngpN

@Y OB A0 VN v v LU BN ' B wr W o

1800 190 RESERVED
1328l 11 IFCLR+ SRUN |
1v1d 12 TECLR L
1911 13 , RESET
1106 14 INITIALLZE SEY
1161 19 Fast oin 7
1118 15 PFULR L
1111 17 EFCLRL

' 4

Yauy ¢ Availavie
o dual wl Ava.’i]ab} e
W Palu De available
Bull v 3 Available
P vlaw od ' Available
W o u1od . w5 Availatle
oile ¢ b Ayailable’

& © 3T4NDARD TTL CONTKOL 81T FUNCTIUNS

FIGURE 6416
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D LSI=11 MICRUPRUCESSUR SET (MPS)

7.1 GENERAL
5] A set of MAEHLwll macros hasg vpeen defineg to assemble LaIwil microcode

using thne uarn@ozl asaembler, Tﬁjs manual destribes the =Vmbgltc *orn

mat and special featupes contained in the macr? pararmeter file,

@ : - A . - . . " .
' Each 22 =pit wD microwopd is assemplea into € PP 1l lg ebit wopds

starting at POP=11 wopd locations 1u0Y ,1¢02 (octal), For examples

WD ADURESSS FuP=11 ApDRESS:
’ : P SR 16ud 1062
244y 1102 » 11622
& - 3By S 15UUR 15262
£
Kow

742  SYMBULLC INSTRUCTIUN FURMAT

The pasic instruction line format is?

1abs

_;D

13 opcode operands, translation, state ; comment

The ]asvel, translatiOh state, and comment are ov’ct@nai The format
of the OSperand field depends on the opcode, Singe tne instpuczions
fayj) into a number of distinct forpat cyassesrs e€ach cjass Wiy} be
dealt with as a aroup, - 4 |

Each microword in the RUM holas an acditicnal & bits Ume bit (LRR)
controls loading of the returm redis tep with the 1mcpementeo LC; four
. bits spec)fy a nwgtate coden for yse by the chip set anvironment (esQy
W = L opll BUS interface)s and one it (RSVL) invokes a tpanslation,




e

s,

L@I»!L mlgnupwouﬁssuw S@T (MPS)

This state tiela can he specified fopr all

pAGg 7—2

{nstructians, 1f omitted,

the fiela will te assemnled with a value of v, Tre folloaing prede=
tined symbols are availanile for use in this fiejd ano may be or”d (1)

or added (+) touether a8 NECESSAry,
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@ . _ : E :
1@‘) MNEMUNLC OUTAL valLut MEANING

(HIT3 2ltle)

RSVE (MIE1T7) 2 Sarvice Translaticn
(called gRNI in Wl spec)

LRR (M1B16) 1 Load Return Register
N S (MlBguild) @ State code
| |
51 (mIBeeitg) 4 State codge 1
52 (M[82%318) 14 State cooe 2
93 (MIH2,318) 14 State code 3
& v , : Ve _
54 (r1824318) 29 State code 4
S 55 (MiB2u318) 24 State code S
) be (MIBRuild) , 39 . State code 5
‘ 67 (M182¢118) | 34 State coae 7
~i[m CLe (MIE21) ' 49 L6111 BUS C¥ control signal
Furthermore, a kM arddress pay have a transjation asscociated with it,
Whije the assempler will not ”assemble? the translation information
pu intg the PTA, it dges allow specification of & symbolic translatign
2 iaentjfger at a particular mi¢pcioc§tian,70r documentation puUrp0ses,
o For all instructions invelving registers, the followina predefined
& sympolg are avallavle fopr yse in the registenr ficlal(s)i
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‘”o MNEMONIC VALUE MEANING FUR A PUPLL MACHINE
REA e bus adaress
rREAL 3 bus address lower oyte
& K AH 3 bus acdress upper odyte
" REKE 4 source operand
& T '
RERECL, 4 source omerand lower byte
MORCH 5 source operand unper byte
e RO3T b destinaticn operand
& -7 2t :
RDSTL b destinatfon orerana lower byte
5 S : ' A , ‘ ‘
e RDSTH 7 destination operand upper byte
o R IK 1g instruction register
HIRL ' 1@ ~ cinstruction register lower byte
0 COKIKK ' 11 ~instruction pegister uppep byte
} AR ol . _ : .
P S _ e prograr status word
KPS, .12 program status lower byte
£ . | ’ ' '
Gl KPSWH : 13 program status upper byte
5P 14 stack pointerp
5P, 14 Stack pointer Jower pyte
& 9F 15 stack pointer upper dyte
& PC 16 program counter
i - .
RCL 16 program gounter Jower nYte
@ PCH 17 program counter upper byte
N s 4 indirect through G register
L]
LL ] lower byte indirect through G
GH i ' upper byte indirect throuah 6
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&

& 7.3 UPCODE FURMATS

In the soupce fopmats exglained {in this section, a "t" 1s used to re=
oresent the translation symbol and an "x" j8 used to represz2at the
state code tiela,

Ted JUMP Instruction

Format:

a7 labels JMP padress; t,x 1 comment

© 3.2 CLenditioral JinP lnétructions
Format:
lavels opecode  adaress, tyx .z comment
%@ Ogcodeég S jump {f ’ Jump ¢ondition code

. J&M" zhzd) ) ' 2

w | J/,"FST zha=d 1

- Joar LEERS 2
" JCAT LS 3
£3 _ .

JIF ) icszy 4
oo

N J;T'. fea=l | - E

" JNEF Abzy 6
& |

INBT nb= 7
o §
] JZF P/ 19

JZT 2= il
JCF c=yY ’ 12
@ JcT c=1 13
JVF vai i4

VT ovet 15

JINF neid 16
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JiT

7.4,1 Literal Ilmstructions

Formatj

labelj ovcede lireral, regi

MNEMONIC UrCUDE VvaALUE

Al 2
CL 3
i, a4
TL 5
LL 6

7,4,2 Two rReaister Instructions

Format

PABE 7=b

17

sters trx jcomment
MEANIRG

aco lfteral
corpare litepral
anag jiteral '
test literal
Jgad 1itera}

labels:

when ir 1s aesir
Mls  an MFEY 4 g
those apgodes th

Qpcodes:
MINE MM

Me
mb
M
bk
0
Caid

C o
Chaw
TCB
1CH
JCw
TCw
oo B
Ocy
DC"‘
Ui

cpcode wregister, aregister,t,X jcomment
ed to atfect the macro level flags (le,, = C, VvV, Z,

appended to the opcode mnerolie (of course, only fop
at have the capability of atfecting the macro flags)

MEANLING

1c OPCURE YALUE
24 move byte
24} meye byte and get flags
XY move word )
23 move word and get flags
2¢4d conditicnally move byte
d 295 condigionally moye byre
' g set flags
2¥6 conditionally move word
F 297 ' ‘ '
23y twC’g complemeny byge
F 231 '
232 twe’s cOmplement worpd
F 233
_ 234 one’s complement byte
F 255 ' '
. 236 one’s complement wopd
F 237 ' ’
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1081 22 increment by 1
ICH1F 22l ' :
ICvit1’ 2ae
10~ 1F 223
- ' 224 incprement by 2
ICH2F 225
1Lw2 2eo
_ 1CwgF 227
- pel 274 decrement by |
o DELF 275 S :
Lwil 276
Dulif ' 277
AR 248 acd
Ak 241 ’
. AW 24e
J AWk 203
Lag 244 conditicnally add
CAYF 245 ' ’ )
£ A 246
CAWF 247
ABL . 259 acd with cappy
LBLF 251 o )
AW 2%2
. , , AWCF o 253
aim\ Cal 256 cencitionally add wopd on ICS
4 297
26 subtpract
26l
262
2h3
279 subtract with carpy
271 ' ' '
Wi 72
NETEVR : 273 )
L 264 compare
EHF 265 o
Cw 266
Cuwitr Pe-¥4 ,
Uk 310 inclusive op
GREF 511 '
SR _512_
uRwF 313
X8 314 exclusive or
XEF 315 ' -
. Xw 316
W X b 317
ME 349 and
o NBP ,5"-31 '
& N 392
pk 3493
Te 394 test
TBF 3u%
Tw 1234

[ 9]
038
ks et
-7

P
pes

R R ORI
oo
e T atied

1

£
¥




&

Tk Q7
Sl 214
SLOF 219
51 2la
SiLwF 217
SLEC 214
SLelk 211
SLvl 212
SLWCH 214
SR 334
SkuF 335
SHw 536
Sk 347
SKEC 33y
BRULF 331
SRwC 332

BRWCF

-
M2

1CHF el
PG 5ee
NCWF 223

L5 GE : S A%

LTE 354
CAD 254
61 36§
pinl 301

RIng
w(wl

KIng. 360
Blu2 565
Riwg 366
wlwg 367
h 379
W - 371
A 372

WA 573
0f 374.

[ 375
b3S 376

7.4,3 lIsingle register Instructions

Format:

»
o
33

13 oncode

Opcodes;

PAGE 7=8

shift 1eft

shift lett with carry
shift right

shift right wjth carry

ang complement

moaify instruction
load trenglagion registep

‘congiticnally add digits

read % incpement byte by 1

wrpite 3 1ncrement byte by 1
rpead & incremeng wopd by 1
rite x incremant word Dy 1
read & incpemeny byte by 2
write g imcrement byte by 2
pead % incpement wopd by 2
write g increment wWora by 2
read ‘

‘write

read acknowledge
write atCypoWjedge
output byte "
cutput wopd
gdtput sStatus

aregister,t,x jcomment
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MNEPONTC UPLOUE VALUE MEANING
Lek 162 Copy condition tlags
LG 165 Load a reaister low
Ll L&ao CQ?’*G‘i‘IiQ"‘f}]]y incremant byte
Cig 1o7 Conditionally decrement byte

The following svmools have peen addged for referring to the status bits
read by the LCF {fmstructions

MNEMONIC VALLUE MEANING
o) 29 Carry fnto DIt 8
Cu 4 Cappy ingo bitg 4
- L 144 lero
ﬁﬁ w3 213 negative

These symbols may be or®d (1) or added (+) together as necessary,

& 74,d4,4 Other Instructions

Todeli,l Reset and Set Flags Instructions (RF and §F) =
Fermat:

label? opcode tlagsstsx ;ocomment

Opecodes:

MNEMGNIC UPCODE VaALUE MEANING
o HE(RI) 169 reset (clear) tlags
& SF(51) 1ol set flads
- .
W The following predefineg symbols arte gvajlanle tor Use in the flags
tields ' ' '
Wy MNEMUNTC CVALUE MEANING
14 1 internal interrupt flag 4
® 15 2 intepnal interprupt fl183 5
16 4 internal interrupt flag 6
& These symbols maYy ke or”d (1) or added (+) together »5 NecceSSaYs
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€ 7o, Inout Instructions =

Format:

label? opcooe accesscode, register,trx ; comment

Opcodes:

MHEMONTC URCODE VALUE MEANLING
& 18 304 Ircut byte
1bF a1 Input byte and set flags
. Iw Sd2 Input word
W TwF 343 Input wopd and get flags
Tap 3ad Imput status byte
Isnr 345 Infyt statuys byte and get flags
& T8k 346 Input status word )
ISk 347 Ingcut status word and set flags

The following precefined sympols are availavle for use.in the access
code tieloy ' ‘

MMEMUNIC ACCESS LODE VALUE : HEANIN?
09 g i yoper byte
I 1 upoer byte conditignally
= 2 lower byte T
LEC 3 lower pyte conditionally
K op 4 peaa/modity/wpite

&

Tuslonly 1) ! Toaa TR from DAL 153p>, load &
| A from DALGIU>
TeEgenly L) e Josa TR trom DAL1Si¢,, load G

&

from DQL,?Eb?

These symbols may be op”d (1) er added (+) togfther as nNecessary,

&

& Toleldyd No=Uperation (nstruction (NQOP) =
Formats

"

1Del} NGk taXx - 3 COMmmMENt

2
£Y
f‘;

744,535 Load Condition Flags Instruction (LCF)
4 Format3
m» labels LCF flagenables, register,t,x ; comment

The followine prevefinen symbals are avaflable for use in the
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mremonic value meaning
C 1 carry
] ; y )
- v e overflow
L d Z28ro
M 14 negative

These symbols ma¥y be orfd (}) or addeg (+) toaather as necesSSary,
} h13 rReturn From subroutinme Instruction (RFS)
&  Formaty

label: RF S tax 1 comment
@@ -

(Note that an RFS instruction assembles as a JMp 4@2)

©  7,4.%,1 Reset 158 Instruction (RTSR) =
Format; '

Tavels RTSR tyx  jcomment

7.5 SPeCIal DIFECTIVES SUMMARY

&  In adoition to the normal MACRO=1l directives, seversl directives have
been made availlable via the RI=11 macprc file to make ppogpanming eaw
sier, fhey are as fgoy1owsi ‘

7o MNXT Lirective

The NXT (nrext) cirective is used as an aifag in placing op locating code

&  bpanched to by a tpanslation, Eight girectives are available
HXTZ2
NATH
NXT LY
, MXT 20
© HxTOE
NAT19Y
: NXT 2 e
& NXT i

Wwhich advance the LC to the naXt address evenly divisible by the speg~
itied power of twos L1f the current LC satisfies that congftion, it is
Unﬂhfiﬁgt?d-
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éﬁ 1a ¥ o K]
“%» Tabol i‘JOPmal MACRKRUE~ 11 [)? rectives

All features of HaCkU=11l are avajlaole te the programmer and other

& MACKO=11 aipectives that have meaning can be ysed, An ,ASECT Dipec=

tive is dome M the microasssembler ana the mictrologatiom counmter 18
) set to @, 1o change thé microlocation countep in an aszemcly, a di=
e rective of the torm: L,=N cap ba used, where N {is the pew )ocgtioﬁ dew

sirea.

Teb6s2 LCC Directive

The LUC(Micre Tocation) directive csn alsc be used to estanlish a pars
ticulap micre addpess in @ mMicro assembly, The fopm ot the directive

© is:

LoC N

whepe N i3 the gesiped picro address, This directive was includeda tfop
ConSistanty »itr the System lu micCroassemdbler (U] ,MAD),

747 SPECLAL ERROR MESSACES

In adaicion to the normal error checking done by MaCRO-11, . seveha}
errgr checkinag features have beepn added via the parameter fije,

8

72721 ffepace Conditional Jump References

& Since the LSIx11 micproprocessor allows cenditional Jumps only within a
fixed (not relativey 256 decimal (404 octaly word page, the assenbler
. Will flag Violations at 3S5SemplY Limg witpn g "F" (QuUpStiongple 8YNntgx)

w ePPOr. MALRU=11 also wuses the error symbol "P" a3 a catech=all erpron
messase,

& An idiosyncrasy of tha micpeppocessor oCcurs whem a conditional Jump
is assembleo at the last location of 5 256 aecimal word page, Instead
of pemaining in phe exigeina fiyxed pages jympg ¢an only be made o the

D next succ.ssyve Pages FOF eXamPles if @ Congitiond] jumd 48 at joca=

tion 377 octal, tne jump can only reference locations 468 through 777
=, 0Cta)s The miCrodssemdieh W{l] 2150 f13g thaSe Violdtjons {n the %2me
= fashion as astove, - ' '
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verwpritten KOM Locations

Because of the nasture of the beast, the microprogrammepr nust Tive with
address constraimts, fhus when an atterpt i35 made to assemble 8 ROM
location that was already assemplea,the assempler wili not flag the
occurrence, ' - )

7+7+3 Jvepsizea Literals

Any litepal that exceeds the Jiteral width of 5 bits will also be
flagges with a8 "P" error,

7.8 UPERATLIHNG FRUCEDURES and EXAMPLES
A macro parametan file, HCA3M,MAC, must be used along with your source
file to agszemrnle wD a2icrocode, JThe scurce code should be a gapden

vartety MACHU=11 source file whicn can pe created by using any systenm
combatqu_ egitor (such as kDLTJ.

To assemble *p microcode on the PpP=11 4 run Macro as followss
and when MACRU responds with a "*x", type the ¢Ommand string

FILNAM, FILNAMIUCASY, F ILNAN

where FILnNaAM 15 the mame of your source file (1f g;@nsion is «MACY it

canp Le 2yjpmijnated), The oUtout wyyy be 3 ,'“J {o® JPCt moduje) fire
and a 15T listing tile witn the filenames tne same as ths source

fiye, whepn MACKO 18 finishea, type "Contrgy CV tQ 98t tack ty manitol
level, Then the !nganq can be gr1nted by us1Pg the Pif ut\Tity prom=
aram

A uyseful aig during program development 1s a cross reference listing
which 1s epcerded to the normal assempler listing, To obtafn one,
type the fQ]]Owjﬁg command to MACRUg

FILNAM, FILNAM/C=UCast, FILNAY
An object mogule that §8 prodguCed by MACKO must then De Passedg through
the RT=11 [inker proaram to produce the .8V file on the system device

(of 8ny.device fgor thgt matter) that is reauirfa by the »($ LUADER,

The following exavrle illustrates a session at a8 terminalt (the

{00 source file has alreasuy been cwatea)

JHOMACKD
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*EXANPL, EXANPL/C=UCASM, EXANPL
ERRORS DETECTED? v
Fxel CUREs 7745, wURDS

kg

LR oeLP
kLR ISEXANPL LST
™ ’ ’
oKL INKR
*EXAFpLERXANPL

E

A SaMPLE PROGRAM LS SHUAN BELUK TrAT TLLUSTRATES A TYPICAL SOURCE FOUR=
MAT, TrE §YMBUL TAHLE IS NUT SHUWN,
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LSI~11

PUS?Q

2

3

4

5

&

7

8

9 i

19 Vi

11

12 46338

13 v3igugd

14 vwivay

15 ©3inae

16 v3ivvs

17 vapdd

18

19 43405

28 23via

21 23aa7

23 visli

28 wivld

25 Yluil

2o

27

28 visly

29 viein

39 434la

3417
FRage

d21
see
a3
Bed

u%

H34EH
CA2s
P
Flady
e3uvll
3532
2333
k3

MICRUPNOLESS

~n es um wd wa

R.q
A
PO I e

&

le Py
)
N W

SeT (MP5)

AND PURR INSTRULCTIONS

,TITLE
THI5 18

RTm1

PUSHR AnND PQRR

Tht‘MLCﬁD;QQ

PUSHK2XT6T70Q

PURKzZ4TO

SLHCE wh
PuNNUP:ﬂ

741

DUN?T HAVE

1 MARO vM@dal2  13eFEBaT77 14354350

INSTRUC{IUNS
E FUR THE PUSHR AND PUPR INSTRUCTI

AUTOQ Pcwﬁﬁuw UH,ﬁLC3O INT;R&UPT§:

INTHERS
; b0 TRANS LAT104 BrANCHES AND THE DECODE OF ©76XxXX OpCODE
Lot e /o The VELUL " XA g“”
Jrp @ pTRAP ILLEGAL OpCODES
F NOAMAL ENITRY NP DECUDE ;COME HERE FOR UPCODES
Jhmp PUNRUP _ $P0AER Up ENTRY IF NEE
JMP w o 2&53&%ﬂ1;rRA9 ILLEGAL OPCUDES
INTART: Jhp INTSER ;COME MERE rOk MICRO |
; - ‘ T Tgoemn ]
DL £1 CL 175,RIKL $Z8B 1F UPCOVE IS a7¢f4d
JZ87 DECON C o pduMep IR TRUE T B
DECTRFI JMP° : 2 ;TRAP ICLEGAL CUDE
DECUNT CL 321, RIRH 1Z8 IF 0pCODE Is 27670
) 28T POPR T sJUMPTIF TRUE - T -
cL - 3ed, RIKA $ZB IF OPCODE Is @7679
JIRF DECIRP :JUMP TIF FALSE ~
5 UipaLA\MﬁlﬂuuufkqtiuLuaPLA - R
$1H1S 15 THE ALGORITHM FUR THE PUSHR LINSTRUCTION:
PUSHR: LL I 5,RIRL iRIRLEFIRST 6 cuwbvamr
FusmLPy LUGL gIRL ;SET UP G REGISTER i
AL 370,5pPk JDECKEMENT 5TACR BY 2
cus SPH B
v SPH, SPL jPUSH REGISTER ONTO 8T
Dry RlﬁquiHL JUECREMENT G CONSTANT
0w GH, 6L
JnHF VU&HLQ ;IUMP IF NpT DopnE-
JMp 134 sJUMp TO DO FLAGS AND
pMOw HEME IS THE PORPR ALGURITHIM; - : i B
pUpxy  LL ByrIRL sRIKLEFIRST G CUNSTANT
PUPLP: Lol RIRL 15ET UP G REGLISTER i
' © Rlwe SFH,8PL s INPUT REGISTER AND 1IN
Itet RIRL,RIKL P INCREMENT G CONSTANT
[& ' G T s T s
CL &, RIRL 328 IF DONE
JLBF FOPLE pJUMPTIF NOT DONE
Jrp 1434 3JUME TU DOTFLAGS AND
: . - : LAS
g 1N THE MAIN COUDE THE ENUING CUDE USEW 18§ AS FOLLOKS;
H LUc - LY
s 13T S6F RIRL,RIRL, ynBYE sLLESR C FLAG
‘ Ml G,G JEFFECT FLAGS

- e




LI~

Te9

Care
tacne
hols

C
ca
o)
c8
pup
Dok
porlo
P
GH
GL
W Ia
)
. le
o
JUR
JorPCo
:w LK‘S ~
LBC
LITUR
LOP1
LOPLU
LR

PCL
rRBA
REBanR
RBAL
RDST
RDSIH
RDSTL

o
&

1 AICRUPROCESSUR SET (MFD)

LR ) END

PH&D;F}th SYMAULS

TUst be exercisea not to redefinme any of the szympols in
d 1ist, as this Can result §n an @rroneols assembV,
are the on sed oy the parametepr fi1le, UpabMaMaCs

w
[

RIR géveiy
RIRH vauGit
Woagdid HIKL Wegdld

R Sw $euwdgil

A
_ RESAM Bapp1d
D RiE3uL, Pl
i HSRC . Pl
RORCH PLeres
X RSROL
Bedusl RSVC
I Ao « ST _ Ay
Glaed S BG4
53 PYOBtEe
sS4 pranle
] 55 Behil?2
T 86 pvguld
a7 : 2vvgle
sLp “
: SUFE1
oo . S sgPCQL

59 A
SPH BiRe1s
SPL Beiewld

TG6 BlLvel
753 ppral
Uy X
usc Dueyer
Y Qepigie?

L Rt
25 Genlnd

the at=
These sym=




o,
s

%@

LSI=11 MICRUPKOCESSUR SET

749.1 Vummy Lirectives
CO“”ATl“lL wiiH  SULKCE
18 MILROASSEMELER(UTL iaC

code,or have any E‘fOCt on
EMPTYR
EMPTYL
ErPTY2

EMPTY3

(125)

PA@E 7=17

Re ACLEPTED BY THr MICHOASSEMBLER TO Krgbl
FILES PREEVIOUSLY f.cPARLU FOx  THE bfbltm
). These directives do no produce @ny

the agsembly,

[RA4

7214

The Ogtql
par@ntn@
the fla:

1‘-},

g@(@)%dﬂp
Bad(wll=RF3
1(1JMJXK B
2(2)=AL
3(3jmCL
4Cu)=NL
6lol=LL

2dALHE) =M

2R2082) «Mu

204 (84)=CYB
2u6l86)=0MY
218 (8B)=5L5C
2ilo(8a)=8LuC
214 (2Cy=5L8"
216 (RE)=5LY

26A(HY) =513
262(82) »3H
264 (Bl
2o (i) =0w
270{B3)=50C
272(na)=5uC

xi" 274(‘L)“‘P1

]b(Lf)nudit

UJCUEL SUmea

value
Add ame

Y IN GbTAL AND
is 115ted first a
to the sta

g (79)=RF
161 (71)=5F
12 (72)=CCF
165(73)=1.CF
163 (74y=RTSK
TS {79) =G
1&&(7&]%CI§
i67(T771=C08

22A(93 )= 101
988(%53”1CN1
2a(I4y=1082
aaor9n)w1rwg
*Sﬂ(VM)qy(ﬁ
),SJ(QA)W1CN
234 (90)=0CH
Eié(v%\w”cv

SpU (LAY »NK
S (D p) =k
308 (L4 )=TB
Sea(la)y=Tw
L12(CH ) =0RB
L12(0A)=URMN
31400 ) =XB
516 (CEY = A

HEX RADICES

ng then the hex
ted valye for the

va}de is )
ppCoGe that

L7T8(78)=
171(79)=
172¢7A)=
173(7H)m
174¢(7Cy=
175(7D)=
177C1F)=
PUB(AAY =AY
24202 2)=Ad
EQQ(QQ)_CAS
2aH(Aa)=(Ak
2hU (AB)=ABC
252 (A4a)=ANC
254 (A0 =CAD
256 (AE)~LAL(CARI)

320 (UaAY=NCB
322Lug)=NCw
324 (04 m

326 (up)=

3G (R ~3R8C
332(UA)=3RWC
33U (UC)=5RE
386 (UE)=5RH

given in

§f+e¢ts




&

L§lv1; MICRUPHUCE@SDE s;r (MP3)

3 (kwl=148 Zeu(Fu)=RlH]
3U2{L2)~ 1 31 (F1)=wldl
3G (E4)=1SB Lo (F2)er]ln]
Zdea(bEo)=Ibhv S64(F3)malal
390 (ER)e Shu(Fdy=Rn2
352{EA)n 3a9(F5) = ld2
3SUCEL)Y 0] Sho(kbymnlud
354 {EL)=LTR SETCFT)mu]u2

PAGE T-18

Ara(re)=R
371(ED) =
372(FA)=RA
373(Fn)wna
374(FC)=03
375(H0Y =00
376 (FE)«Us
377 CFF)=NgP
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MICRURROGRAMMING TrOHEIGULS

8.1 GENERAL

) 892v-FQNDA%@N]AL MICRUEKOGRAN CHARACTERISTICS

8,2, Ertering User Hicrocode

'

8,2,2 vecoding tne yser Machine Instructions

AN

Passing ApQuments

js)
[3¥]
&=
inad
b3
[¢]
[g]
&N—
—~
3
i

the ysepr Macnine Imnstructions

8§,2,% dpcatine the Processos Status worprd




HICROPRUGRAMD NG TECRTIDUES | PAGE gwg

e
*’o 8;2:6 RCJ:O?F\"‘D-;} the |~qch1ne Up e i"ﬁt)hll C‘)’Clb
£
. 8.3 USEXR ”}CHOPRUG&AWMLH§ ENTRT ARKEA

THE USER MICROEKOGRANMING ENTRY AREA IS LOCATEL AT CONTROL  STORE  HIw
. CROADDEESSES  3Unda st g INCLysive, CUNTRUL  UF  THo MICRUMACHINE Is
v TRANGFERRED TU b MIURUWURD 5TORE AT THEsE LO JUATLUNE UNDER DIFFERENT

ter
CU-"\UITI‘J.\.")’ A«;.‘EX L_;“,[F,»l) 1+ ]’H,[S Sf;CTIUl‘, IN T HE -IJKHQL A;'))J{ICQIIOH;
NOT ALL eNTRY 2xEA LuLA[ILNq Al BE yrIllzed, “TrHESE LUCATIONg §80yLw
Ly BE LU"\[”)L.U wlTe st LL._.{)I‘—;.Q\J |111w()' lJH‘J )"I.E.CH i "”‘:'HCHH%UCE;;SUQ Ix\ifﬁ.}(.g
PREIS 43 & JMv ¥, «I7H 1T1Is ph§§hk\Tluw Ay ;&QQVtQTENT‘ ATTEMR] “TU
e ENTER THE USER ConTROL AREA wILL BE HANODLED AS A RESERVED InSTH WCT 10N,
S WHIUHM CAUSES A4 IRAP TO LSIw11 VECTOR LOCATIUN 14, =~ '

NOTL THaT whien ﬁlws SODRESSING HODE 1, THE ENTRY AxEA  LUCATIONS  ARE
i -

AT THE  REGINMING UF wrITRavlt CUMTRUL STOkE pale 1, jht tls/FIls Opa
TION NUSMALLY '-..'vCU*‘IL‘:j AT CROADDRESSES 2uCy=2777 BUT Is “REnQYED™ In A
oy MUSTEGUIPPED SYSTER, THE MICRUPRIGRAUMER CAN MAKE UL OF THls VACATED
s SPAUE WITH CERTATH wuwr ICTIONS (sEE SECTION 8,12,1),  «RITEsBLE "CONa

TROL $TORE P2GLE &,

THEKE ﬁ“EfT”“ti GENERAL EVERTS whlCH CAUSE CONIROL 1O 8E  TRANSFERHED
TO I#e BNTRY AREA, THE FIRST TYpk OF EVELT OCLURS #HEN AN APPRUPRIATE
MACRINE ThgpeuCiIU8 Iy PETCHED AND LOADED INTOT THL INSTRUCTION  REGISS
Tk,  &la, = :rgsu w«rﬁl\ N TeUCTION VALYES LAN AFFECT A TRANSFER TO
THRLE "UF The PICRULGDRESSES t}&‘w,@wwi,ﬁwwz),‘ THE TSECUND  TYpRE  OF
ﬁ\./{:fT UCCHm T FowEReUP (32¢2), ThE THIRD TYF“E'Q:" &V&J\ér OCQU}T{S l‘({

e

,%; A ~ Y . c - — . — N - - . .

i THE’“ IMpLERE 'T"” 1(‘\' Ugo. T‘H?T ‘Lhn’uﬂri HnRAF“::’“@;D {;_A'I’CRNAL . rllh'[{;-r,}.!,‘upi TESTY
~(§QJHJ9 N - - ST L M

3

. 8g3«1» &nt}y ricroagaress 3049

Y - .

ey

CONjuOL Ib TRANSFERRED |0 MICRUADDORESS 30y wtzch‘R A MACHINE  [N=
e STRUCTIUN IR frp gAnGE wéw&?%'jy du2aT (;(IAL) 13 FECAED AND DECODED
~ BY Tht TRANSLATION &ridY, NOTE TAA] THESE “MAURINET INSTRUCTIUNS S ARE
RESERVED &Y LrC, R ) ”lﬁﬁulﬁSTRUCkluN FUST ALwAYs BE ASSEMBLE D
INTU mpCROLGEATon kg Ty CAUSE A TRAP Ty | Sp=11 VECIgR (oCATIgN O,

Be3.2 Entpy microsddpress 3241

MICwUA

- BURESY S s THE MICRGCODE ENTRY PUINT QR
o uv.«m;( ByS '
f

uCFﬁwuGCe CunTREL IS TRANSFRRRED Ty mICHGADDRESS 3491
WHETIE N o SOALME LHSTRUCTION MAVING A VALUE Ln THE xaNGE  276B08 70
a7 )777 1§ FrRT(meD Anr th,x:)()ti) Y HE THAN('}L;\II&;N "5*",}\’/“\;‘, '}L-}'{ THA}" T HE
OfLY LEGAL CLSTUREY CpCUues Akk LN THE RANGE OF U7e7¢u TO 076777, 14
15 IHt KE\PQ“SldILITY GF THE USER=MICROPRUERAMIER Ty LAUbL A JfP G M-




MII.CHOPHL!G&AH!":H‘-‘Ls H;(;H»*ﬂ{,;t]f;;(i PAGL_’_. (1-'.’)

CROINSTRULTION 10 GLCUR FUR ANY CPCODE M THE XANGE 27640r  TO 076677
SINLE THESE ARt RESERVED bBY DEC, SEE SECTIUN b4,

8533 Entrery Microacodress 1ul2

CUNI%UL IS IRaUSFEMKED 10 fICROADDRESS Suvid AT PONEK=UP WHEN PudpReUp

Ok 3 15 SELECTRU, MOUE SELECTIGN IS MAOE VIA JUMPER OPTLION ON [HE
LSI—11 PEUCESeUR MOLIULE (5EE THE MICRUC&”Pb!»H MANDBOUK) THE MICKOINa
STRUCTTON LUCATED Al 2%¢2 SMDULLD JUMP TU A MICRURGUTINE wHICH thCUI&s
SPELIAL STAXT~Up UPERATIONS, UR PUSSIBLY 4 $YSien BUCTSTRAP,

slm;g 1HE wgﬁ MEMORY IS vULATLLE, THE USER QAN“UT EthCr A !ILRO(OUED
auunsrwa> TU Kt FArLUT&b WUT OF USER CQGTRUL 5'£ & IPNLUIATELY AFY&R A
POWER REMOVAL, ’ '

8e384 bEntepy Micpoaddress 3423

COMIRUL I35 TRAMSFERRED [0 MICRUADDRESS 3Bu3  wiHeNEVER A MACHINE  IN=
STRUCTIUN HAVINMG & vALUE IN THE KANGE @75u4y=p7S777 15 FETCHED AND DE-
CURED &Y THE TrAMSLATION Agwdy, NOTE THAT THESE MACHING ~INsTRUGTIUNS
ARE wbGERVED BY DEC AND A Jip @ MICKOINSTRUCTIUN MuST ALwavs BE ASSEMG
BLEL 1iTy MiCROLOCATIUN 3443 T0 CAUSE A TwAP Tu 1 S1=1) VECTyR LOCATION
e, LA A : AN , ho

6J555 #{croaddress WG4

MICRUALURESS S2u4 15 Usel 16 IPPLEMENT THE MICRUMAACHINE  EXTERNAL  IN=

TERprUp ] Ttol JH1s T‘sl FAY HE pERFURMED Duwi-b THE uXLfJTI”N UF LONG
MLLAAQUJT;HEG WHERN AN EXTERNAL INTERRUPT UR THo EVENT  LINE INTERRUPT
Is "LxprCyE AMD  MysT Bb skxrvICED THE ”ALH$NthICRQMACHth CONTRGL
FLOw PATHS a‘*» 710 1h' rxr“wNaL INTERRUPT  TES3Ts  ARE S visaBLe IN
FIGure ,1u¢1 ALY 2, 1bee THESE [LLUSTRATIUNS ArE ReprCLUCED HERE AS

FIOURE 2,1=1 3:0 &,1=2, ,u*f'THAT INTERHUFT wy (1h), HAS THE HIGHEST
PRIURLTY OF  AMY DECISION IN THE INTERRUPT/TRAR DECISIUN CHALN, “NOTE
ALSU yHAT ONCE L6 Ty skE7, CONTRCL  ALKAYS RrEIJURNS [0 USEg CONTROL
ST oKE, IFOELTHER Ay EVERT (L2) ox A PEVICE (14) INTERKUPT IS ACTIVE,
CONTRUL Tu TRAMSFERRED |0 MICROAUDRESS BuUvd, 1F 16 HAS BEEN SET ™ AND
NETTMER L2 RT3 I8 ACTEVE, THE MICKOPROGEAM COUnTER 15 ngT MODIFLEDR
AND MICKOIMSTRUCTION EXECUTION CUNTINGES LN sogueM{IAL  FAsHION,  IN
ORDER  TO EmTFw THE  INTER<UPT/TRAP DECISIOL  CHAIN, THE RSVC 817
(MI<17%) YUST BE 5ET, THE MICROPROGRAM WHICH LMPLEMENTS THE EXTERNAL
INTERRUPT TEST 13 srOaN Brlug, - c ) N

Ex1iST: 51 To : SET Io
T XX B,A,, REVC ; CUMTROL TO INTERRUPT JEST
Rl 1t 3 OHESET e T
CONts - ses ; ‘ '
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The Set Interrunt (51) microfnstruction is used to set 16, 16 being
specifiea ir  tre araurent field, The mic po1n tFuction ag L(TT011 1
may be anytnina exceprt a jump (unconaitional or cenditional), The
RSVL  apaurert asservles as 2 1 "at m1<i7». [m7ediately following is @
Keset Interrusct (k1) ~1Crbinstructi0h which resSteres L0 to 1ts no*mwi
state {cleares) Tre prog2t opepation myst be incluydeg heece to pes tope
norial interript Control t o, if neither aof the two pessible exters=
nal interructs 1s active ang execution continues at (;umc This inteps
PUDL test wil)] pot Prespon® te REFRESH  (Ig)y IwaCt  ( 1d)y or PRHALT
Gl scortional infoprmation on  dinterrupt te x1ng fs contained in
Scetion EsbeTa »

—. e »

8,3.6 Entry Picroaddress 3ummary

BFCuJ e tre icroaCdress €ntry pOints ape positionea in sequeh 1al Yos
cations, tne microin stpructions located in the ertry area 3UUE to. VK
must all e unt “””‘ﬁ‘ﬁﬁaw Jumpse bach JwP  micpoinstruction then
transfers control to a microroutine which {mplenants the appropriate
OperétiOﬁs,' [he gource code fop the entpy areqd mOpm?X}y éprQPQ 33

follows: : : : '
. g Juye 3 BET MICKOPRUGRAM COUNTER 10 3089

K3%258% JEp a ; TRAP KESERVED UpCLDES Got e

34 Jirpo T pECOCE s ENTER HERE FOR UPCUQLES 27HXXX

smgz JMp FeELpP ; ENTER bR FOR pUAERaUP o
JMR ¢ 7 TRAP KESERVED UMCULES 0/hudu=675777
X X X B, A ;OENTER rEgk IF 12 Op 1S pENUDING

. ;oAb STAHT JTE HU T SLRVLF-

STAKT OF UvLQ U Dt DECODE

DECUDE? 1
PERUR ; START OF POWER UP OUITNE

8,4 MACHINE LhsTrUCTION DECODING TECHMIGUES

The micPoprocesser Contral chip will transfer contero) to Uselr entry

poiﬁt' (3581)  in r@&nuﬁae to anmy rmachine instruction in the range

7 Tre miclhoProgh whméP’S g5t a5 i35 to determjné wﬁjcﬁ

seacYal mach]me wngt‘urt1ons hqv beenn Tetghed, Note that op-

Cialag to (76777 Pre the pnlY 1°© 031 CuUstomer opRCodes apd opCodes
to wlieeT ! ~ust cause 2 Jut microinstruction to ocCurs,
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Bs.4,1 No Cecoding

In ¢certain cases it i8 not necoassSary to perfor?®™ any instruction decod~
irg, sueh & casa cccurs during micrprogran develooment when (5 memo=
rY 13 only leaded with @ sing)e micromroqrdm Comtrol therefore
transtferred Gcirectly to the starting microaddress where execution bew
ginsS, Ahem mijCronfracram Zavelorant 18 omo),a‘cg:d, the Verjfied roum=
ting  may pecome cart 0f a3 larcser w(8 loaag module, The final load mo=
dule would contain an 1nsiruct1@n décading éacﬁanism alona with the
multicle execution soutimes nNote that all ufused machine coces Must
pertorm a JMP 4 m}CFO}ﬂ&trUCT1on to trap to LSi=11 vector (.

BadeZ Successijve Comwarison becoding

One techmigue fop vetermining whepe micromachine control shoyla go
next is the guccassive coOmparison tachnigye PPY”Cip]P in thig teghe
niaue is the ability to m?1ﬂtm1n in Contrg) ntore a3 Jée=bit constant
Wwith whnich the rachine instruction {s to be coTpaped, Ihig ability is

supplies oy the jitera] class of microinstructions, Trwo successive
LCGAL - LITeRAL (LK) -microinstructions allow the reference valus to be
pmlaced in any designated reqgister ince the epeferemce valys is e5tam

blished, the Compare wyRD w1cr¢1ﬂstruction ig wsgads folloviea by a cone
ditienal jure (4Z1), It the two woprds are etzyal, control will Dbe

tpansgteppes te  the mjgrOac“rcas gQPta*NPd in the gonditional jump
f!eia. nNOt e thgt the compapis must te gpartormed wjth the
)@ gsafftﬁtyﬂg miCroinstruction, CRF. The jump 335 made contingent

upen a cerdition gooe as opoOsed to a status bDit pecause thw latter is
updatred fop each byte pesults ano nray not reflect the poguylts OF the
HOPG ComFariSons Wgt 2150 thot the &,crguroqrammgr must QQCUWGﬁt a1
oessivle flag results for tne special macnvnﬁ instruction, 1IN the,
case dyscussed pere, tpe t19¢ ﬂan1ru1mr1oﬁ i for am int#rpedjate pure
poses arc  flag values will probably be modifiea la ater toO re?iect 3
diftefent result, * ’ )

The microgpcaranr used to implement the above technique s presented
below,

DECUDE: LL 3, RDBTL 3 USE RDST FOR RLFERENCE wORD
H LUAD LOw d¥r£
L. 175, ROSTH S LUAD MIGH BYTE
CwF RIR,%DST 3 LUMPARE, aFFreCT FLAGS
J4 GR o ; IF EGQUAL, GO TY RUYUTINE FOR a7679@
cel PUSTH 3 INCREMENT Rk FeEreNCE TwURD
CwF RIR,RODST ; CUMPARE AFFECT FLAGS = 7
JZl Goil i IF bguél, GU TU RUUTINE FUR 076781
Fore Corparisons T ' - ‘
a8
jmp @ ;i1 non@ ot them, trap to vegtor 10,




A
[
L3

DELUDE S CL 32,8 1R
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This microprocrarm Lses two LOAD LITERAL ricreinstructions to establish
tne Péfer@pCﬂ vajue of uloGuy in the destWﬁction anerandg reaister, It
the uacniﬁ@'instruction nas the same valuey, the jumo concition will e
satisti9d, itmepaiae aﬁditi cndl CompaArtisons are AﬁCeS'J;Yg ln'DPGm
garstion fer the next compariscn, the [mcrement Hyte oy 1 Jggl  microm
ifnstruction is usec fg 1h§rem¢nt the CFHFdP§th Constant, T '

The ira)e”pﬁ~w41cn of the guce :s1v9 corparigon tacﬁnlcu0 descrivea
abpve is hianly ﬁcnﬁralizvﬂ in that it con decpde or recpanize all of

the bid fosgible yser Cpcodese However, i1t is Pot likely that gsuch 2
]arge' nu,bﬁr ct sSCECial QNCQOES Would e sjmultemebusyy s ed, Ah a};
ternpative ivprlerentation of the successive comoarisen techniaque amplos=
ys a4 Siﬂgg@ Lomtiaro Literal (CL) m1C”O1h0t”“Ct10ﬂ tor each eXDOCth
usep Orcode, lUse ©f the Lomo\r@ Lite rigroinstruction also has the

aavantaje of rot reauiripg 3ny othe ,e@iGter tyg pertorp the opePaJ

tion, The zicropronram which implements this tec nn1qup Ippears  as
followss :

IS 1T 2767047

Jzal G ; Yts, GO EXECUTE
cL 32, RIRL 7 1S LT w7e7e1?
ERPALE Opil ;‘ng, GO EXECUTE
cL 301y RIRL s 1S 1T wlelue?
“Jist o Opue 3 oYES, QU LXECUTE
.

L]

more ConGal{sSons

.

L]

jmn o : P it non? of trem, tPap to vectar 1u,

‘Ths_aﬁvantaae of ;hws microppogram ¥s that jt noes NAt yse  any  addis

ticmal reulsters a2s scrotch space, apd it exfcutes faster Lwcaurﬂ it
dgoes nog nesa te teoify (ingpee eant) the reference value with a separs
(t’té,‘- nziCi“Q”’,Str‘uctga;u

8,43 foagjsiea Jurr Uecoding

..
-
-
-

The iF”th,tructjﬁﬁ he¥oR] csefon techniaye a])aws usSer occoaas to pEs]
gecoded  wych ster, esoecially when a large number of decisions are
NECR 353 pva Iﬁxg tec F“‘qué eficcrively yseg the lowep byte of the fas
chine owncese as port of the microsaodress coption of an urconditional
Jurs wicroinatruction., Tne osoration of the podify wricroinstpruction
(fi%)  micrgipstruction s  discussed ip Chapter 4, The tug picroine
struction gsaquéence?

0 In THE DISPATCH gr r%LT

¥ HOSTH,RUSTL 3
pOAND JUMP TO THE RO IIVt

J M A
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Provuces an unrge n:1t1ﬁHAl Jume microaddress fofmed by the logical O
cf tre comtonts of w051 with, 1R this case, Je Hewever, the argument
W8EW awjltim tne JAFP ypstrdection §8 not restricteld teo Y,

The Final irplerantation 0f this technique usa2s only the Jlow byte of
the nachipe 1pstruction redister, wnfich 1s s3tored im RIRM and the And
Viters) (A1) ﬁicroinqtewctif ma5<s off al) byt the lowep six bhits of
the opcase 1N KiRH, Ste that RPS~l contains d11 zerces upon entry of
the control stcre (sec Section 8«0.3,7). The arqurent Of the Jmeine
struction 18 CPansed so that it establishes a base sadress within the
micrQadiress pange. 17 the user Cpccdes tO e agecoded are agquoma1a1,
3 juUmn or discatcn taoje §s required o troensier Comtrol to the appro=
pristé routiress These prequirerents are illustrated 1n the following
example: ' - ' ' o

s
‘.;

(’.}

DECLDE: CL 3 IS8 1T A LEGAL USER QRLU e
J2n 1 MAYAE
DCAs Je g IF NOT, TRAP TU VECTON {0
DCYs My ,RIul ; COpy THE ®I 8Yje ~ ° 7 7
T AL ; MABK OFF ALl sUT 2 HI B1Ts
cL ; Is IT A LEGaL uycoo;
Ji8y 3 7 NO, GO TRAP :
Al ,MI? ;o oMASA ALL BUT LURER & BITS
M PS el RIKH. ¢ LU BYTE GF IR T
3234018 Jrp GPau s 15T USER CP
E Jrp Opal ; 28D Uskr Cp
JHpo T gEeg poARD USER GP

In this exarple, the starting microadsress of the jump tavle s 3208
cctay, FisCromalCprine Control 43 tsﬂr ssaprped pefe wﬂen'a m3CRK{n® oﬂfode
of @7el¢l ig secooes, contrel is subseauently transferced to micy oadw
dr2s5s G e Up® miCrynfoglanm 3PPFoRriate ty tae e¥acUtjon af thg
Wl6fvid machire cpcoae i3 storsde NOte that thepe is a ¢neck fop res=
ervéa’gac : e ¢iirst {see éegt3on Baidld, o - '

3,5 PASELNG UF?R&NDS TU USER f\CHllc IWbTRULTiU‘a

A univeaersal attribuyte ot all 1L81~11 cata manip<4lation Tachine {nstprucs

tiens 13 that they allsw very flexible gperapd adgress i £Q, In the do=
sign of new rachine jnstructions, the micreprogeranrer myst provide
PO mepanS ?oP geliVaring the oPplidngs to tre m,cromarﬁin ¢l prgm
cessirag, Since ocne of thne microprodrantaer’s 90als ds £ catwﬂi:@ 3
soacitic  raraet fuﬁcti“‘ 3 tetal genepality 1n operana acdressing is
gsually not  desipred, Fupthaprmnore, q@ﬁeru!i?ad Do wﬂm addﬁosqiﬁﬂ
would use migreprciapra™ space which may be mope Of?tjh ¥ dﬂd1catfm to
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8.9,1 Predefincy Uperang Addressing

frne gceneral a. Jdressing information can ve fixed at the time of micro=
prodrap asserpcly, Im this cose the user machine imstruCtion would ex=
mect to fimo its input operands at a predefined location and would dew
liver the ©foCessed rosults of output owerand to 38 predefined Jocaw
tian, “r%aefined incut and outour operandas mayY be located eithep in

the L3l~-114 DraCeSSaP registers (Rp=R7) of in LSI=11 mACH{in® memolYs

. 5‘1’!"1&:?:’ tne ®L3 mp"OPy containg only “"contprol stOpe” iﬂfOM‘atior’u it may
o not contain  eltner input (source) or output (destination) operands,

, Predefined machine memopry addperess informagion Yg gtopred within the mi=
& Croprodram Via the Load Litera] (LL) miCrofnstructions
£ ,
L HeH,2 Hegister doerand Awdre&¢1n
- The f@rmat ¢f user~aefinea machine instructions is fixed except for“
Wy the 1ade & Q1t5 ot the opcode, 1f agdressing moses similap to the

L8T=11 ”achwfe ingtructiong are degipeds, the JInstpuction fipst Myst
have an additiaonal  word (in the next successive memory location) to
contain. ghe informagrion atrepr the initial instruction fet chy this suce
Co8S{vae wWord €an be fetcpad wWith the automat1¢ loading of the G Pregis«

- ter by vitg <832 Referonca to the aescriptidon of ‘the Input Word
gy (iw) micreins fr*ct1oh, will show that G register loaging is one of fts
‘mb sp601f1cabl Reriong The machine insteruction fatch operand which is

part of the tase m?croégde specifies that the saurce register address
informarion (oits &=8) pe lcaged into the ¢ reuister, pigure 8,3 1=
justerates tre rele prayed by Dita <316» im folming tne Source operand
for @ double cperand fnstruction, ' ' .

As furthep notea in Figure 8,4, the Jowest % pits of the usep machine
Opcocey 21> (clppegeonding to a degtination peqisterl)s, may alg0 be
Yodngen info the © PeaiStars DUL onlY DY oXaCUbtion of the hodg O (Ra=

gisterl) Low (Lol Tf;rcihstnucticn,' The availability of tnjs and the
. DP@Vio”’ register sperasd adopessiag techapique wipy fﬂ¢1;1tate noerapd
& adaressing  wnich is simjlar to th@t used by the Lb1=11 machine in=

51 I"‘JCt1th’3,

BsBs3 CLomplex uparand Adoressing

The microwrogrammer hag the obgion of fmplementing whatever opefrand
addressing moues gpe  desfred, but total ageneprality is genera 11y not
feasible uged o, genepa) adure«rwhq mode calculations, This ig bew
cause  the base micrecoeds i3 intedrally gesignaed with the”cbhtrbl chip
trafsliation aprray and the pesulting micproinstruction sequences are not
avpylable for USerémicro;pugrammyng. ‘ ' ‘ o

&
¥

°

e

5
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8,6 NICHQPHDGRAM@IHG Tax USER NAQHINE IN@WRUC!ION

B.bhl Defining The Imstruction

The first ster 1n creatimng a neW mMachine instruegtion is to definme as
precisely as cossible exactly what functions the imstruction is sup=
pgséd ta eacéan‘c:lisfﬁ; One approach which 18 am aid Co GEfi""ﬁfioh is to
nrodram  the cegired furctions in the | Si~11 agsemnly language, This
apnreAach ususlly «wi]1 aiso reveal the suitanijity of nricoprogramming
to accomplish o desired collection of functions, D T

Bebe? Rocurenting the [nstrugtion

The reauiremerts for instruction documentation will vary with the na=-
ture of the funcrions pprovidea, Data maninulation instpructions which
only process oata ang perfoprm no micpomachine 1/0 are probadly the
simplest t0 docuyrmemt, Oych instpuctions would accept 2s imput, data
whic¢h is alreacy lccated im processopr regist®ers, [he output data
Wwould also de deposited in a processop register as opposed to a memomy
or davice lecarion, o ' -

At theg opposite extreme are usepr machine instpuctions which are jne
tenaed  foes a real time control and /¢ environment. These instruce
tions would make use of data access picroinstructisgns apd alsy the
control  caganility of the two TT control oit fieclas, mi;<21318> and
MI<g3322%, 1p tRiS Context, tininGg @nd s2quenting informatign Woujd
pbe éssential, ' ' :

It should be redempered that the designer (or Microprogrammer) of the
new machine imgrpyction may not alwayg be the LUsg€pa 1N thig cage, do=
cumehéatqgn $oPF Ln@ meW instruction‘shouxd e A5 Cpmpjete as ﬁéssgb;e,
Suech  documentaticon inclydes ifnfopmation on innut and output operands,
resUItAnt PSH Cpmdition Sod8 flaags for a)) peSsib)e sitdatigns, apd
execytion tiving for al] possible situations, ‘ )

b I L TeTporary figg use

During the execution 0f userwgdesigned machine instructions it is often
necesgapy tO monivopr AU pegyltss Thege pagults ape available yia the
status it ang condition code flag previstepr and may be Used to effect
microprogram  congral  yia  the conditicnal  Jump micperoinstructions,
Howover, wnfn tne mithing {nSLtrUCti{on’s pLerations nave teem Complet=
ed; adaitional wmicroinstructions may nesd to be used to wupaate the
Prgge$sor Status Yorg Conajtiond] Coge t13ge (Hy2,C5V), [t must bhe
remerpered  that tne P8 residges in a microprodtessor reqgister anmd that
it 15 partially separatec frem the aALU flag revister, The micropre=
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gratmer  myst decide what PS» flag states accurately represent the op=
eration’s executed snd provide for their impledentation,

Betyd Lx2cuting Machineelevel (/U Uperations

The nicromroaragmmer hys complete freeqom in imeleme ntiny any of the 5
00501314 machineelavel {70 cperations (0A7l. DArO, UA;Gd..DATlO: DAw
T10=m) s »aﬁt 0Ff 2 newvw nACnynQ 1n$tPUCtjCNa‘ In deSjwminv the [/0 por=
ticn of the instpruction,the cepepator should make eraileu reference to
Chavtar 5, A1) 179 orerdtioms ather than 1nput Status amg Qutout
Statuse require a3 responge from a system Lys gdevie ce aﬁﬁ effectlvp!y
transter Control pUtside the prQCéSSQr, Under npPma) cond1tﬁons, a
nom=regponding  buys  gevice will cause a bus erpop traoc, The micprpro=
gramper must recednize the ceasibility of pop=rescontdine bus devicges
and not valjcate any systeém conventions (e,9., register designations),

8,004.1 Bus Lrror Jrac CONtprol = The soyrce ouerand sc¢ratch registep
(RS8x{) is used {p Lasge miCcroCede ta nold VeCter vajues wpen trap or
interpunt opepationsg ape serformad, The m1CerrQGrammcr can reata
special trag vectgrs, ’ o

CRATCH REGISTER USAGE

Many or0cegses roguire scratch pegigterp gpace 1n which to store intep=
medyate resylLs, TH15 52Ctiogm J{3CUS58S the sUnClian ot €8Ch regiyster
contained In the micrOppocessdp data chip and the conmditions undep
which i¢ may be yged by the usep mm1»r0ppcgramm»r. '

rp

fefeB5,1  soupce Qoepand wegister = The gource Operand register may be
used fur sCratcy, store durjnpg miCrobrogram €x2cutjon, Lt pay be jeft
in ary state at the conclusion of the user microprogram, *

B.0,5,2 pestination Uperand Reyister (3&571 = 7he destination operand
regyster  wpay  be  useo fupe sgratch stora 8 AUl ing mitroProqram execyUw
tion. 1t may be left in Gﬁf state at the conclusion of the usep mim
C?“{f}ﬁi-(*()gf’am,. ‘ 7 o ‘ ‘ ‘
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8,5.5,% Ingstpruction Reaigter (RIR) = Evepy  machine instructiony
whether stargare or userw=agssigned, is lcaded into the irstruction rew
gister as part of the machine instruction fetch operation, It should
bhe ramercopred tnat thé low tyte opf thne machire jpitructijen 15 lpaded
into the high pyte of the instruction register, Lkihr), Similarly,
the nigh cvte gt the mathipe instruction is loaded into the l1ow bDyte
ot the impstruction register, (RIRL), This bYteeswapped loading is
parformed to facijitare tr ransiation operation cperations im the LSIey]
pase microecodie, ‘ ' ) -

lt can happen that the user opcode transrits nd information to the nmi=
cromacnine, 1N thisg casges its on\y nyrp®se ig to tr&ﬂgf@r m1croma~
Ching Cantrol te tne appropriate miGropPfogram. Th® miCroProgham may
then uyse tre upcer ang lowepr bDyte o0f RIR forp SCrﬁtfﬁ SLOrage.
Hawever, RIK dees have specific uses whep Communicating with 0ODT pi=
crocode, as explajnes in Section 8.7, - ' * ‘

BabaBadl Hus sooress Negister (Rpa) = The micrCprocessor bus address
reGister is Geperally used to store the system pus adaress reauired in
most d“ata accesa acqvag10ﬂ Inis pegister has AD aux1!)1arv fuhction
ot irmzartrance and ¢an be used for scratch sipace guping micpropprogram
exscytriorn and it can be left in any gstete at the conclysion of :he
user mic raproqram, ’ ‘ ' ' ' '

8,66 Hcratch Kegisterp usaga'

Many processes raqguire scratch register space 'n which to store inters
madiate pegultgs Thig section digcusses the functrion of each pegisgtep
cgﬁtain‘ﬁ in the nicroprecesser data chip apd the cCunditiges upder
which {1t may e used ny the microprogramm, ' ‘ :

Bebabial L"L”ll Processor weagisteps (RY-R%) = The LSI=11 processop
gemera) purcese registers Ry through RS shoujd pot De used tap scpatch
storage, ihe main reason s  tnat argumanNts prelating to other
PFrate5828  are merMally stored nere apd should st be mpdified or desn
troved oy execution of a user machine instpuction,

[f the mew Instruction uses the genepal purpose registers fom operand
trafngmission, thepre may be appoptunity fop seratch space at an intep~
med13le 8Lage ot poQUiﬁ} O a Fg_,f‘ eXamn]e, The fregisdter w,»,-,Ch \-’11}}

evaertually contain the oytput operand may be usSed fop sCratch purposes
2s 10ona asg suych ys2 does Not destroy needed data.

Anothaer rzason top avoiding RY through RY% as scratch space {s that
thay can only e adgprogged intiprectliva !onaﬂquvhtlv; the‘imdirect §d~
dressaing 4 reoister must ba loaded with apprmnr13te values, reauiring
extra microirstructions, Diroctly acdressed microprocessor register
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go not redayire this execution overhead,

Beatbad LSI=11 Stack Pojnter (ko) amd PFrogram Counter (RT7) = The
atack gpointer and pregram coynter should never be used as scratch rees
gisters,

Bababod FProcessor Status word Register (rRFSW) = Jhe microprocessor
regjster cajjen RPSW actual|y Conmtributes onmlY 4 Dits tp the P3W that
is Visaole to the conventional machinme=level Programmer, Psw <T7:14>
are stgred in RPowH<734», The Jower 4 bits of RPSWH are replaced by
the foup conaition coces of the ALU flag register when a mfFPS machine
instructicn 15 executed (see Section 8,8), Tne lower byte of RFSH is
cedicatec €0 the uyge ot the bys erpopr flag peglgreps Each piy signi=
fies ‘& specific onus error context and KPSAL is imspected when a bus
erpOr OCcurs to determine appropriate recovery measur€s, “

RPSwWL Mmay ke used as templrary scrateh storage only if no dafa access
oeprations are bei1ng execyuted, Fowaveps hefope o dnata acCess Opepa=
tion is initiated, RPSwL must be loaded with =11 zepos, Note “that
ghis reaigter will always c¢ontain all zepos upon 2ntey to the user
control store. - - ' '

8,6,7 (reation ana yse of apbitrary Flags

Any of the available scraten registers may be waed as an  arbitrary
f1ag prenigters  The meaning 0f sach 0f the & nitg in a byte regigtep
wiy) he getergined oy the piCroprodramaer, As o fipst atep dn arbim
tpapy flan pecgigter usager the pegistepr should eithep De cleaped Op
Bét to aﬁ“injtigl Valle Dy 3 Loag Litéréj miCroin3tructjon, S

T4l Setting am Arbjtrary F1ag = An {mportdnt PetMirement {m Setw
9 3 flag ig usually to not disturb any other flaas in the registep,
ThiS mdy Le acComD]{sned by WBing the Ur Byte (URB)  aiCroinStructions
Since UR  ayte is & pesistepr topnat microinstruction, the opoper conew
Stamt miat e prepared 1, the Bofiejd registerp, | ‘

3 o
@

Babala2 ULiraripng 3p Arpitrary Fl18g = Just as the UK tunction 2]1]lows 8
singte +$lag te te ser without aisturbing the other flags in a regise®
Lery thg and LomBlement fUnCtionm Aalloxs a 5ingle fl8g to be Cie?réda
This 1s sccompligneas ny the and gomplement pyt® (NCHE) micreoinstruction
in Conluncticgm with o prepared n=ftié)|d register, The Befie)a recister
comntaing a L ir the pit location to te cleareds The new microinstruce
tion forrs the cemvijement of the H-fieljd reaister ang ANDs this with
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the $flag register contents, fhe flaa register i lett with a zero in
the desireo postiion ana all gther pesitions unmodified,

BebaTas% Checkina an Arpitrary Flag » The most direct means of cneck=
ina a s\nul arvitrary flag in & ovte flag reqgister is via a literal
microinstpuction, rhp flag to e testeda for is assemoled imto the |i=
teral tieja of the Test Litera| microinstruction., The logical AND of
the arbitrary flag reaister and the Titeral fiela is used to wugpdate
the Lo ana  »i status it flagse [f the tested flag is present, I8
will pe learpu, I1f the tested flag i35 absent, Zy will ©pe set,
A“QPqu1atc microaproaram conterol is achieved by a Tegty Literal = Con=
ditional Jymp microinstruction seauence, o T

Q8,08 Interpupt Considerations

The overriging fact regarding interrupt servige §s that all interrupts
ape conpietely ianored wnile coentrol stays within the micromacnine,
eXeCiuting USer miCroCodes Lf the Programming environment doeS not {n=
volve real tiTe interpupts for which service latency 1s an irportant
comgidapation, lemaphy micpracoue poOytines “ay POt pose  any proolems
I¢ ,n?&rrugts are exXpeCcted, however, they pay De tested by the teCmpi=
qua’ gescrined in Section ¥,3,5, ’ ' ' ' ' '

8s6,8,1 sbortinu s »icroproaram = Using the exteprnal irterrupt test
technioue, ap  ac ?1ve Evemt or Device ipterrupt will cause cantrgl to

pe trangfeppred to 1Cr03ﬂ“r@ s SUYd, Tnisg micro locatrion will ygually
Contalp the becinnipngd of a mscraprcargpmeﬁ abort routine which rew
stores the process . uhagpr axaecution o {ts beginning state (e.ﬂ;a ge=
cremBnt  the #0 py 2), fhis praceaure of Caupse r“auires that the

inpur apayments are stifl available, op that they may be quickly reco=
Vefed ap £18Ced jn theil 0rigind] loCatijons. I+ the Peginning State
0f tne process 15 not recc}verui)].; the proCesgg may simp]y he unintep=
ruptab g ‘ , P Ve e ,

8,6.8,2 PModitYing the Yrogram Counter = In the event of @an aborted
routine, the crooram counter MuUst be agecremalted by 2. 1N this wayy
tTre WUSEP mathim® jnstructjan Wil Agdin be fPth’i’G Wnen 1,-1?9?“'54!“'. Sepw
vice nas been completeo, fhe following microingstruction seguence may
be used te UeTre,8at the opagran Coupter by‘oﬁﬁ Word jccations

Al 370, PCL ;o BUMP BACK PCL
COR POH s BORwUW, IF NECESSARY

\
Once the orogram counter {8 bumped back, Ccontrol is returmped to the
normal machine operating cycle where the pending external interrupt
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&

will receijve servyice,

87 USING CONSULE QDT MICKUCUDE

Tre microcedec poutines which impelement LSI=~11 console UDT are usuale=
ly hianly grecislized, ano 3s such, ape not ysavle by the micropro=
grémmer, HowevVar, twe functiops may be attractive im  that theY Can
providge comrunication between the ricrOmachine ahd the console TTY,
Due to the commlaxities ot dynanic merory refreshing, it is recommends
ed that Ossinle pefregh peauirenents be satisfied ov eithep UMA pe=

& ot
W freshing op by selfsretreshing memory,
2T
BaT7al Dynamig Mamory Retfresh Reauirement
oy ) . . ' ; , .
&2 I neither UMA refresnhing or self=refrashing memory s availabler two

consale QDT micrccode roytines may still be us€d, However, some addi=
P tjgna},mre§§ratjgﬁ i3 recljred ty sUECDETE Pracessgr=Cantrelljed res=
! fresh, " Thig sunport invalves setting a special flag which allows mem=

ory rafresh ta iaterrupt Console UDT microCode 3n0 subs2auant)y return
- t0 the inrterruntea location, nue to the delays innepent in ariving
~‘E@ the Comdple TTY, tene ne2d farF memaly PEfFreSH Cdm aimest certajnly bE

expectso to fccur while testing tne gorme wit im either thne receive or
trangmnit CBR fopr the teprminal device, ’ '

Be722 Ppinting a Character on the Congole Device

BaTsdsl Passing the Charaglter =

Ba7s2,2 Seltling the Frint Routine Lontrol Hegistegr =

-----

o
o
~!
»
e

Reading 5 Charagter From the Console LeYice

W 8s7+43.1 Recejvina the Cheracter =~
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B.745,2 Setting the keaso Routine Control kegister =

By7,4 Processor Pricrity

B,7.5 Tpace Bit

BaTa& ALY Cengition Codes

8.8 MICRUPRUGRANMING USER=-DEF INED 1gAp V&CIDR?

New User=detinea trap ogerations may e implemented by tne micropros
QPrAmMmer, Inig is (:ffxcqer*t] %a,f‘omp]:;hed by settipng up a vector ad=
dress and transteprping control to tnhe base microcode poytine which exe
eCutes al] other L3I-11 trap QOCPatlgng.

8.8,1 ©Lreating the Vector Addresses

The yector addpegs of the spacial user trap Vs insepted into the
SoUNce guerand scrateh register, SSRC. Usually this is dgne with twg
congacutive | 2ac | iteral microinstruccions, RSKCy receives the high
byte of tha vector adoress and KeRCL the low pyte, , A

8,82 Joining the Hase Microcode

Once the special Veetor sddress nas peen loacded §into bpboth bytes of
R3rls  an uﬁromd1t13ha? jume microinsteruction transfers control to the
bas FiCrotade Polting “nith e%aCUtad the trap operdtions The miCroin=
struction gsequence i3 as follows: '

LL VEC LUn BYTE, RSRCL ; LUAD VECTUR LUn BYTE
LP VED H;QH BYTE, QKCM ;s LUaAD V&LTU? Hl“H BYTE
Jup 14ue ) ’ ; JUMP [0 TRAP ROUTIAE
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Ba9  HICHUPHOGHAPMING SYHUHRONIZED CONTROL SIGMALS

The symechronization of TTL contprol signals witn mjcroprogram exacution

is wetermines at tne time of microprogra® assa®oly. Inhe contpol funce
tipn Cote asoears as the fipal ardument ip tﬂ? mwcroprggram source
COCey The detailed construction of microassermtly souprce language is
presented in Chaonter 7 tor each picroinstruction fornat, The micro=

programrer  hass  the option ¢f prewcalculating the octal eauivalent of
the Comrdinegd S$Tamaard and axfended TTL Contf"c] it §Q09¢p of the indi=
vicual codes can he UR’d togetnher by the microassembler, s

8,10 Standardg TTL Control tits

The stangaro TTL control bit codes are assempled into Ml<212185, of
the 1o wogsinle cezegs & are employed by phe LSI=i) 1nth“face circyl=
try, nre adortionsl cesce, Y7, is used to swdp Useq control store .

pages torf the wC5 PAGING moge. The remaining 7 c0695§ OY¥ g¢hroyah 86,
may e used by the miCPOmrDQrammaf,' These coges myst e decoded by
special  geceaing haraware which ig connected to the gystem backplane,
Sectinn. h,7.5 presented infarmation on standars TTL control 'func;1oﬂ
codesg as well as hardware connection details relevant to thP gesign of

decsaing circuitry,

As explaines 1n Section 5,7,% the standard TTL control bits are valid
on  the migroin struc rioen wus from the cegining of Pul to the end of
Pr3, eegting of tae 3 fusctjons used by thre Lsl=1] moduje 4s epnabjed
by Py of the microcycle, and this signal, 5¥R3 w4y 1s also avaalacle
at the system DaCgs|ane, ‘ ) '

Due to the eipelining technigues used within the miCrOMachiﬂer the YTE,
control bits can ve enabled before the ricroinstpuction with which
they ape agserbled ig aceyally execyreds Thig occurg fopr any 2 cycle
miciralipstructions, 1p 2articujar, Capditignd) 5r unﬁoﬁd1t1ona] Jupe
micpoingtrycticng, recaysa the micr0instpruction sequence isg mod1f1ed,
a}) jume rwh‘@i xructwapa. require 2 micrgevcles to execut@,
Micproaddipegs mooificagion aoes nor ogcup until tne gecond micpocyciey
and tey® Contro) Storf Contenls jetcped as a resuit pf mofmd@] mi{CroPlp=
gram counter sequanrcing must be discardec, The micproprocessor gontrol
and Dats chips recelplze the Jugp forpat apd sigely i9mpre the Control
g?QrP infoararicn om the nier -ainsteruction tus, povever, m1<2lild> s

deCQd@\'ﬁ by “O"‘bl"‘j‘r'i ondl 1o \}10*’ I,n 'fh follo¥t ng exame e,y the _(;Oﬁt-"O]
code of the microing truction following the JPQ is decodea ang enabled;
evem ltarouidn The mic r01ﬁ truct1on f]gﬂ do€8 pol jacCilude fhe to1lo%ing

microinstryction,

LL T, HWSRCL H
JME ALTLOL ;
CL. I;-’g F!}tho,'il \:

“l decodeg angd enabled quring second cycle of JMP microinstpuce
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B.10,1 Extendsd TIL Control Hits

The extenaded TiL control bits are assemhled into the same source fileld
as the stamdard [T cCanptraol bits, The extended Contral bits are
ferched at the veainning of Frl and apre valid thpoudn the end of Ppid,
As  suCHh, they are pot sumject tg enabling Via any miCrocycie phases,
However, extended control sianals may acpsar erroneously when contaw
jned in a microimstruction following a 2 €yCle microinstruction in the
same tashion as the standard control sianals, ' ‘

The assamaly value correguonding to Ml<22> is 28 and that c¢corpespOnd=
ing to #sI<75%> is Bid, Thegae values mMmay be QKd with the standapd TTL
control hit code, as shown pDelows N

LL A HoRCL, s "'~1?H_2‘,J}!1;j H CQ'\‘]‘\QUL \:UD& a1
;o PLUS mle22> PLuS MI<25>

Recall that MI<é3> 1s shaped with the microaadress trace butfer logie,
This hag no effece on ni<dd>» byt 1t may complicate microppogram debyg=
gina, ' '

8,11 CONTRULLING TrE MICwOQINSTRUCTLION FLUW
Bs11,1 Uncgonajtional Jumw and Relurn Mijcroinstruction

gall,s2 Conpaitional Jump Microinstructions

B,11,5 MultieLevel Suproutine Jechniques

Q0
.

P
P

Ugbw CONMTROL sTURE SEMORY HMAP

8. 14,1 peserven Microadaress Locations
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o 8,12,2 lrolementing Pacea Control Store

B,18 mlCx0 LOT FUNQTLUNS

8.15,1 Supvofting the START Faointer

B,15.¢ HMeasuring l/0 Uevice Kesponse Time
8,14 HUILDLING [RE MICKUPRUGRAN = A PROGRESSIVE SUMMARY

ﬂ g,14,1 rachine Gpepation witat User Control Disabled

8,14,2 usser Contro) ytore Enobled = Jhp 2 Microwerds

B,14,3 single Jhp sno bxit

B,.14,4 Hultiele JWp and Latt

i g,1l4,%5 printina a Charactepr, a worg
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2,1 Comsole TTY Lriver =

8,1%‘5,& Migcrocode Uul Printg Subroutine =

8,14,06 ®ultiple user Upcooes = Multiple Printed Words

B 14 5,1 successive Comparison Decoding =
L _ %9 A ) - .

B,114,6,2 Mooifies Jump Decoding =

b 8,14,0,5 HMoaifrea Jump Decodlng vithout Jurp Tavle =

0“ 8,14,7 3Selective Microprogran Execution with MuDT

8,14,7,1 Microprogram jrecing With KHODT =

B,1% EAAMPLE

Y 8,16 ELAVPLE

By17 LXAPPLE
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CHAPTER 9

ARITEASLE CONTROL STURE INSTALLATION

9.1 GENERAL

This chapter provides a guide to the installation ot the Writeable
Control store mooule in tne Ls1=11, PDp=11,43 system, It {is recom=
menced that this Cchanter e read completetly betore beq1np1ng any phase
of the instellation procedure, Mczule installation snould procede ac=
Corling to the lnstanatmn Cher L,st Conta{nEG 1n sectjon 9. 7. ‘

942 SYSTEM CUNFTIGURATIUN

The LS5]~ 11 writeadle Control Store option places very few restrictions
on the PLF=11/25 system conquuration.

Q9.2.1 Moduyle Location

Beceuse of its girect connection to the mycroihstruCtion pus, the WCS
moalle must oe located in the backplane slot immeaiately adjacent to
the Lblvll ;rocossop voquln. wackp!ane conf1aurat1ons are il‘ustratea
in kigure 9.1,
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WRITEABLE CUMIKUL STOKE

INSTALLATLUN

wC5 MODULE LOCATION

FLGURE 9,1
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9,22 Hemory Kecuirerent

"The operatior ot the w(S module coes not rlace any special demanas oOnN

system meTory space, tioweyers the wWCS UEVEjOpmént.sthware (UYgUD=YY)
requires 1ok worags of memcry, T

9,2,2,1 Memory refresh kestrictiors = [t is recommendeoc that all meme
opy modulesg useod in a LS1=11 #CS gystem contain gelt=petpegh caPabilie=
ty such as the MSV1le(C or MSV1laD memory modules, jhe selfmprefresh
featupe fpees the micproprograrmepr from the pequirement toO allow ample
OppOrtu“!ty ter CPU micrecocead refresh to execlte.

If crocessor-controllea memory refreshing must be used, the micrproe
gprammepr Mmysgt aive specjal attertion to the technigues degcpibed in
section E&.6,1 §f lemgthy microinstructions are to be implementea,

An elternative to processor controlled refreshing s the wuse of
DMA=contprolled refreshing, as supoiwea by .the HtVli A an a REVI1=C mo=
dules, This apprcach also ftrees the microarogrammer from ~ the
real=time’ restrictiong, ;hile allowing gystem memopy tO be ysed which

does not havs the self~refresh teature,

9,3 MICRUINSTRUCTION BUS IMTERCUNNECT CABLE

The microinstructicon bus interconnect cable=plug assembly extends the
microin.truct\on eus trogm the the LSl=q} nwcrowach1ne on the prpcessgr
module to tnhe ¥ S rmooule, Extreme Cautjon shoula be exercised when
efther instaliing or remgving the caple, It should be emphasized that
a na]f-anstal1ea cacle erVides a direCt electrical connection to the
MDS“‘Q el C,rCthM‘ on p}ther the PraoCessor mOﬁU‘e of tha WCS moGUles
The cable’s open eno should be guarded against 1inaavertent c¢ontact
with any ejectricaj votentiaj, " ‘ ’

The cable is connected cetween the thirg MICROM socket E32, (hOrmally
useo for the kgEyll option) on the Lsl-tl crocessor module (Etch Rev, F
CS rey Y op createpr) ana the single dg=nin gocket on the WCS nooule.
The caole shoUlu té i1nsertesc into both sockets before the 2 modules
are ingertec into tne hackplanélcard guice assembly, The ppocessop
moduie should be inpsta)jed 1ast, taking Care to aveid Contact with the
cgo)e-plug qsserb}y already in the w(S3 socket,

9.4 WCS rModule Switch Uptions

The DIP switckhr on the w(S module s useo to configure the m{crocaaddress
range to which the 4CS w{]] respond, They shoula be set up to the ge=
sired address mode as shown in Section 6,2,241.
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9.5 Checkout wi1th LSI~1] Conscle 0QUT

T.8.0,

9.6 Checkout with MCODT Under RTe=11 V3,0

TeBsCo

9.7 Instaliaticn Checklist

T.E.0,

"
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