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CHRPTER 1

INTRODOOTICH

1.1 MICEORROCESSCE SEMERRL GESCREIPTION

This manual provides the infermatlon necessary to install, operatno;
and maintein the PMO1]T Microprocossior. Sop=ifically, it onwers

the DMCY11-ARD Xigroprocessar which has its RoMa configured to

nperate under thr diacipline of the DOCHE protacal. I+ is5 @mrganized

inka fiwe chaptors and twa appendices as followa.

Chapter 1 - Introduchticn

Chapter 2 - Tnatallarion

Chapter 3 + brvlce Registers and Programiping Infmrmalbion
chaptecr 4 - Setallad Desusription

Chaptor 5 - Majinteoc2

appendix A - [BP-11 Hemory organizaticnr and hddressiny

CnnYentipns

Popendix B - Inteqgrated Tirsuitk hezcxipticohs

i1n this ma=aal, the term 2MC11 denotes tne OMC11 Metwonrk Link
which congists ol 4 micraprolessEQ0r module and a lipe unit modela,
Explicit refercnosd to Thous modules may or hay oot be prefixed

Ly the term DMCTT,

The DMC11=A0 Miocroorocessor module is designated M3Z20,
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¥Wnaere the computers are located remotely and coonected via common
carrier facilities, DMC11s can be configured ko interface to

E¥nchronous modems such as Bell models 208 and 239

The DMC11 ensures reliable data transmisslan hy implementing the
ODDEMZ line protocoel in firmware using a algh spead microprocREaar.
The DLCME protocol detects errors on the channsl intercannesting
the 2ystems by ueing a 16=bit Cyelic medundarav Dheck (CEC-t&}.
Errore are corrected,; when necessary, v aukomiatisz retranﬂmiﬁsigna..”!

Requence pumbers in message headers wosure that messagEE A¥e

deliversd in proper srder with no omissionz or duslications.

i rumber of advantatesz are offered by the DMO1 1 sver convertiognal
interfaces which require & ecoambination of hardware and software e
to implement a protocel. Programming is creatly aimplified.

Exrensive communicaticns experriae le ma longer repuired when
programming the DMC11., PLE=-11 memary and processcr tims are noe
wasted with instxuctleons implementing th» protocol. AS a direct

result throughput is enhancsd becavse the [OMC11 cperates at kigh

spoeds and ie not delayod when the procesiser hos to perform high

priority taska.



Lo

There are two versions of the line walt. The MB202 high epeed
lige unit is intended for local neswork applicaticona using ecoax-
ial emables. ™The MEIQ2 contains an intedgral modem that operates

at 1M bps or SExA bR,

The MaZ01 low speed line unit has no integral modam kut cahtains
legvel canvergion looic to lnterface with EIRSCCITLE V24 or COITT
Y315 compatible mofems at speeds up te 13.2K ppa and 56K bhrs,

respectlvely.

The MBZ0* and MEZ202 lice units ecan oparate with DDCHMP and Bit

5tuff protocols.

The line unit is nnt a atand alone device. I't muet Bb& yasd with

a LMC11 HiE‘]‘.‘DFll'DI'.‘-E'EEDI--

h Separate Mansi. (ER-LMCILO0-MM-001} covers khe 5201 aad MBIGZ

line units.

The Migroprocezzosr 1s 4 general purpose coniiel unit prowviding
a full duplex parailel data interface between any PDE-11 family
central processor abd a given DHC11 Zine Unit. With the micro-
procesacrsiline uwnit combination, cempukere can be eenfigured in
many different network applications. Where the cumputeXxs are
located at the same facility, DMO11a can be sonfigured for high
spaed operaticn (56,000 or 1,000,000 hits-per-second! aver

lnexpensive coaxinl cable. The nhecesssry madems are built-in.
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Other DMEIT1 {MH200) features inclode:

® Down-line loading of satellite computer syatwems,

® Ability to imitialize an incoreectly functioning sstellite
pomputey sSystem by command over thn link (Eemobe Load
Daetect) .

® Same PDPF-11 poftware aupparting lozal or remake, full ar
half duplex conflaguraticns,

#® bHecovery from power failures at ellbher or ootk ands af a
link without lasss of data.

® 15=kit NPR {ODMAR) tranofars,

& typical configuratlion is illustrated in Figaro 11, Shown 1=
the DHCT17-DR [ME201) line unik used for ynsheonsia data commun-
ications. The MBE201 interface converte dota From the DHMC11 to

& binary perial format compatible with the Elevtronic [ndustriss
havaciation RE-2320 interfaca specilication, used hy nearly all

luow speed modem manufacturers azs B standa-d.

Thy other line nnit is the MB202 with an integrsl modam. The
oversll system fuanction 12 identizal te that ofF the MPE?01. 1In
th1s Ccade howeaver, because of the built-in modem, +=he M3202

interfaces directly to a local coaxial cable,
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Thie ronflguration usaz a dingle egaxial zakle For half duplex
aperation or two coaxial cables far full duplex opexzatipn.

(Pigure 1=29.

Figurg 1=2 definaes in Jreater detail the gensta: ipterface be-
tween the microprocesscr and any lins woit, FTirst, tkere are
two eight bit parallel daca buses: oae ig an inFut bus and tha
othor 1z an ocutput buz. Two 2EParate huses arc used to pua-—
#in full duplex pperation. In the i-pne unii:, the deta mource
_—

ls addressed by the Mivroprocessor using the INPUTA0UTEDY

Teqizter addrags busg.

The line unlt contains eight ragieter=. Zurisg a read Speratiaon,

which uses the INPUT bus, the ODizrOR*OQes30F uses Four addressing
bite. The moat significant blt iz held —ow tr show that a 1line

dailt register iz being read. The ather thege bits sglect the line
unit regilster ro ba read, During & wrilte speration, which uses

the CUTEZUT reglster, the micraprocessor tses fuur different

cddreassing bita, The most signdficant bit i3 en anabling kit and -
the ozher three bits aelect the lire uvaj- reqister to be writtan

inta. Simultanscous dddreas55ing on the INPUT ard OUTEUT butas isg

posaible,

The remaining buz, the contreol 8lanal interface, delivers timing
and control information to the line unlt such as clock syne and

data strobe signals.
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Data transfers hatween the DMCTY and the POP- 0 Procegsor are in
the form of the three common bus tranzactions, They ara the NPR
bus cycle, the inkerrupt aequence, and the rFesdicg (DATI) andg

wWwriting {(DATC] of DPMC11 Coptrol and Status Feqieters (C3R'=s).

The UNIBUS C5R's are compoged of #ight oSytes of device addreszeg
and are accezsed by addrecses JTEEEX] throuwoh TEXXIXT. Theoe
device addreases are henceforth roferred Lo a5 Dyte Select (HSEL)
d=7 far indicating individual bytas, ani 8L 0, 2, 4, & [or
ipdicating word transfers [EELO conaietks of ASELD and BEEL1, SELZ
consists of BEELZ and ESEL3, etae,,..!. 3SFEL: and BSEL? are

hardshaking C8R's which interlack trans fera throuagh a cammon data

oot Thiz data port iz accessed through BEEL4-7 (SEL 4,B).

When the PLP-11 program wishes to Transfar dala to the DMC11, tne
Frugram {theraugh BIELG] @et= up a REQOEET 1M 'RQI] and a funeticen
deseribing the data to be pPassed, The THWI1° vespande by setting
RERLY IN. BSELd-7 is then loaded by the IFOE-11 program, sand
ciears RQI. The DMC11 tskes the data and drons ROYI which

completes the exchange.

Similarly, kke DMC11 transfera dato te tae FOE-11 prooram by
Jelbing READY CUT {RDYC) with a function after having loaded BASEL
a-7.

The PDPF=11 program, after remsding the reguired regleters,

gnculd then cleay RDY¥w, relgasing the port for farther use.



Tne DMC11=-aD (MR200) is referenced aB a wicioprosessart thravuboak

this manual as weil as i-= arher Telared doocumentatian.

MThis is due to the fact tkhac ROMs sre used a= caontrolllng elamaents.
The HOMa act as gnspact lowic arrays that replace a large amount

of distribukbiwve loygic. For rxample, o 2042 bit RCH is oruanized

ag 12 worda of 4-bits each, Cambining [our of these RGMS produgocs

512 words ol 16-zity =aczh. Farh woard in the RIOM i8 pre-programmed
and in unalterakle, Wrhen addressed, o speclfiic word alwavs

pruduces the fames cuatpot.

e — =t T

| The informa<ics stored ik the ROM= at the ward lew=l can ho called

microsteps. Excenutlnr an appropriate gerice of micrcocateps Qs

! zalled a mizroaraouzine, 1+ caxn represent a particular thetxuction

cr funclLicn. e ~ombhimaziaon of microroutinaes ig cqlled a

MicrOpIGJrar.,

Lz the microrcub-ne is being execeuked, tnae ROH cutput slgrals

are gZent o tha apypropriate circuite in the micropruceescr Lo

narform the ipzcLuctisn o Sanetion that is raepresentsed by The
| micrornutine,
BE illuabirated i~ Figure -3, the IMI1I ezgentially conneohs Lhe
OHIBUS o Fhe line unit interlface throwgh interpal reglstors.

This allows t49¢ dala te he processed DY bthe minropXoCcEERGr 22 it

passes oetweern the Lwo bugsea. 'The processing is dependent on
the micraprogram ragiding in the micryaprofessor. Currently, 4
micropragram a4 availahle Lo accemmodate the DOCMF 1lne proteccl.

"|_G
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FUNCTION SOURCE DES TINATION

2l g

INTERFACE REGISTERS IMTERFACE

Fiqure 1-3 Microprocessor Simplified BElock Miagram
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The bleock édlagram in Ficure 1-3 wery much resemkblez a processor,
hgnce the term microprIccessor. L has a program counter (PO
addreassieg the cicroprogram reseiding in 1K »F RCH. Each
microinstructian is a alxteen kit word. Certain Bits of the
micreingtruction then serve ag address bits far thres asdditlanal
FOM's which contral data flow and determine what operatian to
perferm an the operapds. Chapter 4 covers these interpal

registers in mors cetall.

The DOt and line unit soosist ol two geparate modules
intarconnected o¥v & one foot wakle, Each i3 ordered eseparately.
One micraprocessor ¥ersion Ane £our Syhcehronous line unit versians
are available: Lccal operation at 1M bps, lacal operation at 346K
bpe, remote cperatian with EIRSCCITT ¥i4d compatible modems wp to
19.2% bpe, and remorte oparaticon with CCITT V35 compatible modems

up to S56K bpe.

The ZMC11-AD misraprocedsor module {hex SPC) inclwdes & 3200 nses
bipolar microproceescr, a RIM implementing the DPDCMP protacol,

loecal geraszch pac memory, and a UNIBUS interfaca.

The DHMC11=M& iine unit medule (poteched hex) includes a built-3Iin
modem for lacal opseration a2t 1M bps over coaxial cakble up te E GO0

Feeke in length.

The DEC15-¥1 line aonlt mesdule [(notched hex) includes a2 Builh-Lin
modem for local operation »t 58K Dps aver coaxial cable up to

18,000 feat in lonygth-
1=11



Coaxisl cables are pot de-Jluded with pitoesr 19w unit. Opktioanal
ECOIN-AD ecoaxial cable is availakle in 100 Ft lengths only.,
dne I8 reguired for halfeduploex aperxation ond Lww are required

Far full-duplex omaration.

- L L —— - — - - ) . L e

bl

oe Lwa veraions of the rxemete line unikt, DMTT1-NDA gnd :H¢1T—35;1

use the same module (MS201) . Both versions corfaipn lewel i

tonversicn logic that acoommodates Lhe BIAACCITT Wiad4d interface |

atel the COOITT VIR iﬂtEIfdt!E. The D]'ll}-' dAd F{emrp=:m i= the madem i

vable that 1 sypplied £o match the specified interface,

Tha LMTI11-DA i= shippad with a 23 foot BOOST -ablzs feor the
ATAFCUITT W2d interfaco to accammodate Hell 208 o= 204 synchronows

modems or tholir equivalant,

The DHC11-F4 ig ahlppnd with a 25 footr BCULE zatle for the COLTT

W15 interface. Thi=z svnchronous interface is usad in certain

Europenn networke and in the domestic Digikal lata Servicg [(DDS).

1-12
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OHRPTER 2

THETRLLATLON

2.1 SCOPE
This chapter provides all necesgary information for a successfal
installaticn and suabsegquenlk checkout of the DMCO1] miero-processor

gubsystrm.

2.2 DHBACKEINS aMn IMEPECTION
The mizroprocesenr/line unit system combination arrives at the
rustomer 8ite ip one ol kEwo wavs, elther as a part ol a ooenl ot
computer gystem nr ag ap add-on opklan. when it arrives as an
add-on opticn, the mlcroprocessor module, line unilt module, and
associated mouniting heardware and cakles arelve packaged in a
atngle carton. lospect Rhe carton vispally for any signs of
phyzical damaygea. tncladed in the contents of the carton are Lhe
following.

1, ME200-TA Micropreocnssor Module

2. WMHZ0DT or M9207 Tine Tnite Modulao

1. @COHS-1 Dakle (Tntercornects mioroprocessor and line

unit)

4. RCDSC-25 Cable (MB201 EIASCCTTT V24 dinterface only)

5. BCOSE-2% Cakle (MBE201 CCTTT W3S interface wnly)

E. H32Rh Test To-nectbor [MRZ01 only)

7. 12-125:8 Coaxial Cable Test Connectoxr (MAZ0E anly)

5. MAINDEC-11 BEDMC Microprocessar Eagic W/AR and Tp Test



= MAINDEC-11 DZCME Line Onit DDCHE Taszc

1¢. MRINDEL-11 DEDMF Line Unit Bit Stuff Test
11. HAINDECS=11 DTOMG Jump and Free Running Tast
12, =~--- DEC/XII Syotam Te=z=t

1. ---= ITEF Qne Line Teat

14, ER-DHCUF-MM=001 Microprocessor Manual

1&. EE=-DHCLU-HM=001 Lines Unit Mammal

2.3 OCPTION DRSIGHATIONS
Toere ia ohly okne microprocesscr evailable, = 1l deaignatad
DMC11-AD and 1ltg REOM:= are configured ro Iimplement the OOCHE

protocol onlay.

The variows line units and rableg are lizsted in —abla 2=1 and

£-2, respectivaly,

2.4 MECHANICAL PACKAGING

The DMC11 eonsiete of a micropracesaor =sdale thex) and a 1ipa
unit module {notched hex). Thete modules plua intco any ODO711-B
Fev E or later, DD11-C, DD11-0 or eguivalant 3P{ system unit,
The microprocesscr moduole must alwaye plug into @ithar slok 2

or 3 in the OBD11-B or po11-C. The Iine unit trxdule may he
installed into any of the remaining siota. Should two ODMZ11 "8
ke installed in & single LD?11=B, then the liar unit module plugs

Inte slot 1 or 4.



Optlon

DHC11-DA

DMC11=FA

OMC1 1 =MA

OMC1 1 «MD

Table 2-1
Linae Unit Option DPeslgnations
Degcriptitm
ME201 Lines Dait Module with cabkle for EIARSCCITT Vas

interface

m2201 Line Unit Meduwle with cable for CCITT W3S

interface

MAZOZ-¥A Line Unit Module with 1 Mbpa integral modaen

attd oo cable

MEZO2-Y¥D Line Unit Module with 56 Kbps integral

mademr and o cable



COptian

DCOIN-A0

BCDSE-25

RCOSA-25

Table 2-2z
Line Unit Cables
Deacription
t0d Ft. coaxial ecable witk connectors., Used with

Mainz Lipne Unlt Module.

25 ft. EIA/CCITT W24 cable lor use with OMC11-0A

Line Unit.

23 ft. UCITT ViS5 cable for usr with OMCI11-FA Line

Unit.



The lipe unlt AdAoes kot interfase with the Tnibus o module edye
connectors A and B are not regquired. &5 a result, the corner nf
the module in the visleolity of the & and B oopnectors has been
removed., This allaows =he MH201 and MB202 to be installed 1in the
=nd sloke of the CGG11-F, @, and 0 System Tnhkerfacing Units. Tae
madule pluge inkts ccnnecwors O, 2, E,and T avd fits over the
Mnibus cable coruector and short length {approximately 2-1/42 in.)
Unibusz terminator tnot are installed in end silot copnectors & and

and B.

The two modulas are ioterconnected by o BERG 40-pin comnhector

ard a onpe~-foot BRCOGAS-1 aala.

#.5 FEE-INSTALLATLIN FROZEDURES

2.5.1 Ganeral Information

Tnstallation «fF the mloroprocesacr/line anit semoirnatleon should he
done in three phases. YFirst the microprogsaessoer ls phyeically
inztalled then checked and werified with MAINDEC-11 LZDMC. Tn
chis wanner the wmisroprocesasr ia checsked as a stand-alone modulrc
apart from the line ohnit., Wext, the line unit madale is installicd
and operaticnally verif-ed with MAINDEC-11 DFRDME and MAEINLDEC-11
DROMHE which alss urowices an additional confidence Lacter foxr the
microprocessar.  The third and fimal installaticon phase invalwves
the executlon of MBINDEZ=-11 DA0MG which wverifies the operactinnal

gtatue of botn *he wiceoprocedsor and the line unit as a free

L]



ruancing test. Additicnally, this test cheeks the sonteéents of the

RCMy [(microcode) agd the BRANCH instructinms.

A minimum ef 8K af memory 1% necessary fFor execotlon of the

MATHDED diagnostics,

Check the power supply o lnsure against cverlcading. The
ricroprocedgorfline unlt total current requireweeasts for the

+3 wolt aupply is approuximately & Amperes. Lddictionally, tha
line unit requires *15V Zor the 8iloe and the laval convarsion

loviz and the integral modem.

Installaticn regquires two adtacent Hex SPC slors, one of which

“4n pe either the UNIBUS input of termirator sict if the modules
are 2=1/2 in. oy less. The DHCV! microprocezzar reguires a fyll
hax slot while the line unit £4t% into any £1ct in the DO17
kackplane. The microprocessor can be instalied in the DDI?-E

Rev E or higher, DB11=-¢, DD11-% or equivalent hackplanes. =Such
an egqguivalent kackplane is that used in the FRR-1%/04 aor POP-11,/14

Computarcs,

#.45.32 Freinetallation Checkout Fracedures
G:Tare instalilng the microprocesgor module, kHine Fallawing fumctians

must ba perfoarmed,



1, Yearify thas jumper w1 le installed. This Jjumper xhonld
oot ke emaved ln the fleld. I+ 13 removed only ac the
factory doring auwkbometed module teating to lohibie the

agscillator in the micEQerocessor clock logic.

2. The microprocnssar devizce address muet be selected io

acceordanse with parxagraph 2.7.

T, "ha micrnpeece=sdar vector addreas muat be sgelected in

accordance with paragraph 2.5,

i, Yarify that a BRS prigrity cerd le inetalled in position

E7H.

5§, Werlfy that switch numbers 7 and 9 in the DIF switch
roackage laocat=2d 1n position E79 are Lhoth OFF. In this
package, swltches 1=4 are used for the vector addre=ss

and Bwlecheg & and 10 are oot used.

Switch 7 4% the ERun Inhibit [RI) switch which is ¢onnected between
ground and the CLEAR input of the RUN flip-flop. Hormally, it 1=
OFF and the BUN Flip=flop cannot be directly cleared. Under
narmal condireione, initializaticon %f the microprocessor directly
tet3 the BUF flip-flop which allnws the microcaode to be executad
immagiately. Becasse of an internal malfunction or execution of

malicious microcode duriny power up, it is poesible fur the



microprocessoer to bawg the Unibu=., Wow, it is -ot pozsible o
lnad Lhe dingnostics to determline the fauls, Flacing the Bun
lnhibit Switch in &he O posdltion clears the EUY flip-flap and

allowy the diagnostica Lo be loaded.

Ewitch 9 in tﬁn Byte Eel 1 Lockout [B51} swifch, It is rolated to
the "compubker in a closet™ application where a11 Frograms are

down line loaded. When sec, the B31 swilch sroventsz a runaway
program in the PFODF=11 Pruopessor from prevenbing 2 hoob ar dawn
iing Eoading aporation via the DMC11 linx. This switch inhlbkits

#1] mzintenapnge funcklons,

NOTE
Egfore installing the microprocessors (MAazao), i
remave the HPR Grant wWwire that runs botwesh
Pina CA1 eand CB1 an the hackplans far the slot
that is going to agcept the MEINOD., —o not
remove the wire fur the slot that iz coing te

accept the lling unit (M8201 or wA2020 .

The Mz200 Hi:ruprﬂn&ﬂzhr Freaenkts ane load to Lthne Inikus and the
MZ201 and MEZ02 Line Units present ne lond to Lka Unibus excapk

for power requirements,

The local DMC?!1 ponfiguration (DMC11-AD Mloroprocessor and BMCT11-MA

or ZHTI11=MD Line Unit} regulres bus placement nearear to the



-

ToP=11 Procedscr. This is due to the high rate of NPR transacticas
that are regnirad. Tor sxample, the OoMo#1-ME Line vnit (1 ¥ho:l

requlree an aweras= of one HNPRE eveTy BA5 -

2.6 1ESTATLLTTON
After completing the pre-installatiﬂn ~heckont procedures 1n

saragraph 2.5.2, proceesd wilh cha installatlicn a8 follows .

{. 1psert the misroprocassok mednle in the prober bazskplans

PN [

2. Run METHZEC-T1 pICEe to werify correct aperaticn of e

Mmicroprooessar,

NEIAaGHCETIS HOTE

1 £he -nstallatlen i3 ir & syotemn Using a
FORE-11/04 nE other ?DP—1A Procesaor that does
rot howe o gwitch register, a4 gsaftware sWitcn
regisTer is uned to allow the uwger the Zame
gwltch optlions. TE & awitoh register is
availabla buot zontalns all s (177ITTY, the
enfrware switch register 18 nsedi. PRefer to
the appropriote diagnostic document Eor

furthor details.



Check all appropriate awitech eettinga and jumpers en
the line unit module in aceordance with the recommendations
in Chapter 2 INSTALLATION of the line unst manual

(EX=DMC11LU=MM-0D1} ,

Insert the line unit medule in the praoper hackplane glor,

Interconnect the line unit and micraprocezens uging <able
BCO8E-1 which ia a one=feot lons 40 copductor Flak Bylar
zable with HA36 Eemale concectars 20 cach and, The
matlng ceoennecter on the mMicroprocegast and line unit 1ls
an HA54 male c¢onnector. On tha microprocessor, this
conpector i3 designated J1. Op the MEIN® Line Upnit, 1t

iz Jdesignated J2 and on the ME202 —ina Nnit 1t ims J1,

Cn the M8201, install the BECOSQ-25 cakle o cohnegtor J1.
On the cther end of this cable, conneet +«he HA2EG tegt

connector.,

Gn the HMBZ02, inaetall the 12-13528 ftoaxinl test connector

which tims the two coaxial pigtails toagether. Theasze

twa 3-foot cables are soldered to =he MAZDD.

dn the MAI0Z, check that the integral modem clack is

within specification=. Refer tea the line unit manual.,

2-10
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a.

14,

11.

on the backplang, heek that the supply voltages are

within the Fallewing toleranies.

Yoltage Backplane
Mmin Hominal Max Pin
+1 .75 +5.40 *#5,. 40 C1h2
-14.25 -15.10 =15.7H C1B2
+14 .25 +15. D +15.75 c1m

Fup MAINWDED-31 RZDME and DALOMF co verify gorrect line

unle gperaticn.

Bun MAIMDEC-11 DEDHMG To verify correct lirae unit/

mlioroprocesscr aperation. This disgnoetic slec teeETS

the microooede apid BRBHCH inprructiong.

Remove the Tesb connecktar.

For thke MPEZ0', connect the BOOLC=25 or BC05%-25 racle

to rhe caustomer supplled madem .

CAUTICH

The maximam allowable langelh for the

Br:nsc snd BCDSE cables iz OO0 feet.

2-11



For the MEZ02, connmct thag Plotaoils to kke customer
ttaxial cables or the optional 103 fooct BCOIN-AG

cahle.

2.7 FEVICE ALORESGEES

2.7.1 Introducticn

Starting with the OJ71, new communication.: devicea are +o he
axnsighed floating addrossam, Tha addrezses for curcent production

davicas are to b retained.

The ward floating means that addresaes ars qol s8eigned absclutely
For Lhe maximom bomber of =ach communications dowviees that can ke

used in a syekem.

2,72 Floating bevice Rddress Aszigynments

Floabking device addresses are aesigned am Fullows:

1. The floating apddress Bpace atarts gt lpeacion 760010

and extonde to looatios Ted4000 (amtal desiunatians) .

2. The fevices arag aasigned in order by type- DT, DH11,
DETT, =11, 2UMI1, DMC11, and then the mrxt davicae
introdured into production. Multiple devicas af the

gamp ty¥pe must be aspigwned contiquans addresges .,



L

The first address of a péew tvype device rust ekart oo &
moednlao 1-:EI boundary, if it contalns one to four kus-
addressable registecs. The starting addreas of the DH1SC

must be on o modulao Iﬂﬂ houndary bocanse the TH11 has

eight registers,

& gap of 10, Starting on & modulo 104 boundary, oust

ke left betwesen The last address of one type device a2nd
the first address of the next type device. A& gap must

b left Far any device an the llst that i3 wnot used, if
tho device “ollowing it i%s used., The eguivalent of a cap
shonld he 1aft after the last devioes mssigned to imiicale

that nothing Ffoallows.

¥o new Lype devices can be inserted ahead of a device on

the list.

If addizional dewices on the list are to e added ta a
By=stem, bthey must He assignad contigquously after the
criginal devices of the Bame tvyge. Eeassignment o cthexr
tyse devices already in the evstem may oe reguired to

make rook LFar the addltionsg.

The follow:ing examples show Lypleoal floating device

assignments for communications devlices 1% a Sy9rLem.




Example
Tedo10
Tapo2ao
TEO040
Te0D&an
TGOATD
7aht0qQ
TEG1t0
TeQ120
TaR131o
Tabr4o
TEae150

TEA1&D

Examnple
Ta0Oo10
TeOD20
TEQQ40
Ta0deD
160070
Te0t0g
TE2110
TEO120

ThA13D

1: Ko LJ11s8, 2 DH118, 2 DO1le, 1 DUF11, and 1DMOT.
LI gap |
DH11 #0 first address

TH11 #1 first address

LH11 gap

o1l ¥0 first mdéresa

o311 #1 firat addres:s

011 gap

DUT1 gap

DUFi1 ¥0 firat addresg

DUEP1Tt gac

OMC11 %0 first addracs

Indicetes no more DMC11: and no other devicas
follow,

2: 1 DJ11, 1 DHil, i uQi1m, 2 DUEIls, and 2 TMC11s
DJ11 %0 FTirst addresc

0LJ11 gap

DH11 #0 first addrec=g

DH11 gap

DR11 %0 first address

o1l #1 Tirst addreas

011 qap

2011 oap

DEP11 #0 Pflrs+t address

—
e

T e



Example 2 (Cont.)

Te0140 ©DUPI1 £7% firet addrese

TeO1E50 DOUP11 cap

Y0160 CMC11 #0 firet addfireos

Ted1To pMC11 #1 first address

PEOZN0 Indicates no more DMZ11s and no other dewvicas

focllowing.

2.7.13 oevice &ddress Selection

In the floating address space {760010-TE4000), hits 13-17 nre
alwave 15 {(fupction of FLP-11 processor], hppendix A abowa the
POE=-11 memory orqanization apd addressing conventioms. Bits 3-12
are gelected by switches in the address deceding leocis [(Table 2-3) .
With the switch <0 {zlused), the decader lacsks for a 0 on the
associated Unibuas address line, Bits 0, t and 2 are decoded to

splagt 1 af B regisTars.

The dewvwice addrese selestion switchas are contained in ense LIFP
switch package logcabted ian position EBE113. &1L 10 switches in the
package are uged. The correlatdion between awlteh numbers and
addre=s blt numbers iz shoaws In Takle 2-3. The OH and OFF
posltiona and the switch nunkerse are marked on the package. Thae
awltechee axe rocker tyvpe atd are pushed to the desired positiorn

(Figure Z=1}.



aT-z

=

LALSED

BYTE SEF 7 inaouTiBsl) —
LNVUSED .
RGN INHIBIT (RT)
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Figquie 2-1 Microprooesscr De
and Vector Address Switches

vice




Takle &2=-13
Gisl:de Ffor Settling Swltbtches to
Select Device Rddress

Ewlteh Moo 10 Y o ¥ & B 4 i 2 1 Lewrice
Eit No. 12 11 10 | B 7 & by 4 K| AdGros s

X 150010

X Tald20

X X Ta0o3n
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NOTES 3

1. X means switch off (open} to respotnnd ko loglcal 1 on the Tonibusa.

2. Ewitch numbers are physleal positlons in swltch packags 1.



Z,8 YECTUR ALDRESEES

2.8.1

Introductiasn

Communications devices are assloned floating vector addresses.

this eliminates the necegslty of asalgnicg address absolutely

for the maximum number of sach device that car be used io the

EyECem.

2.B.2

Flosting Wector Addrens beeignmeprt

Floating vecter addreseses are assigned as follows:

The floating addrees =pace srarka at locatior 300 apd
proceeda uypward to 777, Addreseesa 300-334 are

regerved.

The d¢vices are agelgned in ordar by type: IC11r EL11/
DL11-a, B; DP11; DMI1-A; DNI11; ZM11-0F; DRi1t=a; DR11-C:
PRET1 Reader; Pa&*1 Puynch: DI17; DX:': 2L11-C, O, E;
DIV11; DHM1: GT4d; ZEPS11; ¥T20; 29211 #¥Wit-W; ool

ooe1i1; DV11; pmMczi1.,

If any typa device 1= pot used 1n &2 system, addresa

aé2gignments move up to F£ill the vwacsrcias,

If additional devices are to be added to the system,
they must be assigned contiguousaly ali-er the original
devices gf the zame type, Reazgigement aof opthar tvpe

devices already in the system may be roeggired.

2-18
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2.8.3 Wector Addregs Selection

Each drive 1nterrupk veator yegulres four addrese locatione

[two words! whichk 1mplies oaly even-numberad addresses. & further
conBtraint ia that all wector addressss must end in 3 0 or 4.

The vecter address is5 s$zerifised as a three digit, binarv-zoded,
actal humber wsipo Jnifas data bits 0=H. Berause the vector must
end in ¢ or 4, hits 1 and 0 are not specified [they are always 0]
and kit 2 determiznea the leaast zigpificant octal digit of Lhe
vector addreas (¢ aor 4). The interrupt contrel logie =end onlsw

Eeven bite [2-8) tu the PNP-11 progesscr to represent the vector

address.

The DMC11 is gkigped with a BRL prioritv selaction card iastallsed

im the interruplL control logle, This logic ogeneratesz two wector
addresses: RIY I Lnterrupts genecate wvector addreseea of Lhs

form XXD, and REDY O ilnrerrupts generate vector addresses of —he Zarm
ZX4d. PFor this methzd of nperaticr, the state =f bit 2 is soiscted
by the logic not by a switch., The two most significant orctal

digits of the wvector address are datermined by awitches ia linas

I=% [(Takle 2-4%. With thr switch OFF (open), &8 0 ig geaneratced

on the assoclated loikus data line: with the awiech 28 {eplascdl,

a 1 ie generated aon the asscciated Unilbua dats line.
The wector addross selecticn awitches are conktalped in oo DIR

package locatod in position ETE [(Flgure 2-17., Nnly & of theo 10

switches in the Facxage axe uged for the vector addrass. Thna

=19




aarralation between switch nusbers and bik pomhers is shown in
Table 2-4, The ON and OFF positions and the switeh nombers are
warked on the package. The switchee are rocker Eype and are

pashed to the desired positiocn.

2.4 JTNETALLATION CTHRCELLST
The following items ropreaent a gonciee checklist of thae impoortane

l'entyres of the NMCT11 inetallation.

t. Power RApquirements
Ks204 +5V 8 4.0 &
ME201 +3v B 3.0 &

+1%v ® H.05 A

—15v 2 C_31 R

MH2GE +5% B 3.0 R

2, Umnibus Laadling
“he MEZIUDD prasents one Tnlbus lcad. Tae MEZOT and MEZOD

Present no Unibua loads,

3, Epecial Tnstallation Requireamente
4. HMN200 Microprocessayx
Before installing, remove Lhe HFR Grant contilpuiky

wire that runs betwsen pins CA1 and CR1 on the bkackplano



switch

Bit Kao.

Hotbkea:

Table 2-4

Guide for Setting Switches to Selest Vector Address

Swltch Ho. f

X means switoch oFfF

TUnibu:s.

Switoeh

numkers are

g 4
r L]
X X
X

x

L

Wector

sddrecss

00

310

A2

izn0

340

350

360

370

4q0

(open)] to prodoce a logical D

phyelcal positions in switch packace 2.

on

Lh=



for the slet that is going ta accapt tha ME200. L
If a system change requilres removal of the MAE200, the

wire muat L+« replaced.

B, MWEBZ00 Microprocesser with Local Zine Units {DMC11-MAa
or DMZ11-¥MD)
Thiz sopfiguration must be placed an the Unibus
#losest to the PODP-11 Frocesscr be-cause »f the high
rate of NPR transactiona that are reguired. It must als.. .
be placed before a DBE1°-A RAul Repsater if cne s used.
d. MA3Z0D Micropreocessgsor Switch Seztings

a., Addresas Selectlon (E713)

Switoh MNao. hddress EBir
1 3 -
2 4
3 3
4 1]
5 7 :
._,.-"l
=] A
] ]
E 1]
3 11
10 12
Switch CFF {apen)] to respond to logaical 1 eon Ugibus.

Swlikch O (clos#d} to respond ce logical 0 onp Voibus.

%]
1

8]

LA
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b. Vector Selection {(E7E]
Switch Hoo., Vector EBit

1 3

&
19

3 ]
4 B
5 v
£ H

Switch OFF [(open) te produce a loglical & on the Trhigpus.

BEwitch 0OW cloeed) to produce a laegieal 1 on the Unibuae.

. Remiining Switches in ETE
Ewitch 7 is RUOM IWNHIETIT [RI] and akould he OFF.
Switzsh 9 iz BYTE SEIL 1 LOCKOOT {BS1) and should he OFP.

Gwitckes B and 10 are net used and should ba CFF.

Line Unit Switch Bettings and Jumper Configuraticn
as Shilpped

a. Switcn Settings

(13 Switch Pack Ko, 2 (E87 on MAZIO0T and E9D oo

Ma2di) - nll gwirerchag should be COFF,

121 Ewiteh Fack Ho. 3 [(ESH on MEZOT and E91 on

Ma2021 = A1l awitches sheould be OQFF,




(2 Switch Pack Ho. 1 [(E26 nn %B201 apd E29 an

MEE02) - The switches rshould be positioned as

Ehown 1p Pigure 2-2,

k. The jumpers should be configured as shown in Fiqure

2=2.



& DM¥C 1 -DA DMT1 T -FA DHC11-MA/MD
Switch Ho. Ma 0 MEZ01 MAZG2
1 O T OFF OFF
z oTT OFF OFF
2 OFF OFF OF P
4 OrF on orF
g OFF OFF oPF
£ OFF UFF 2FF
- 7 ot o OFF
2 T a) | OFF

Jumper Ha.

1 IN IH In
—_
2 Ly TH SATNT
3 T CHIT onT
g LH TH auT
L. cos agT (RIIR
- E ok PEESéen— Hot Present COT (P
IN  (HE]
NOTES
* Bwitch pack no. 1t logated et E26 on MEZ201 and E20 on
ME20X .
FO = Full ruplex
HI¥ = Half Tuplew

Figure 1-2 Configyrution of Jumpers and

5witech Pack Mo, 1 on Line Unit

ERN
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CHAFTER 3

PROGREMMING INEFUORMATICHN

3.1 IHTRODUOCT LS

This chapter sSontains gewnaral information necessary for PLE-11
pragramming <f the DMC11 Microproceseor. Ir general, the informaziorn
ig presented by cperational categorles such as lepwt ftransfera,
output transfers, ekc. Llao Included are degcrlptions of the

Unibue control and 2tatus regitters, microprocessor control and

gtatus registers;, and 1llne wunlt control and status reqgisters.

The informatlon 1v chils shaanter 18 arranged as fallows,

Oescraption Para, HNo.
Introductien i
lnterrupt vectors 1.2
Friority Selection 1.3
POP=-11 Programming Ianfcrmatiion 3.d
Introdoetion 3,401
Unibus Ceontrol and Skakua Reglaters i, 4.2
Input Tranaiars 1.4.13
Qutput Transfsars 3.4.4
Inircializatian 1.4.%
DOCHE Scart TIp 1.3 .4
Data Tranamiaaian 1.4.,7
Data Eecepticoh i,4.H4
control Ouk Transfers J.4.5




bescription Fara. Ho,

Maintenapce MegBages i.4.110

Femots Load Detect and Down Line Loacd 3.4

FPawer Fail ERecovary .4,12
Microprocesser Control apd Status Registasrs 3.k
Line Unit Ragistexs I.e

4.2 THTEERUFT WECTORS

The OXJ11 generates two vector addresses: inpuk (BOP-11 to
microprocessor) loterrupts generate vootar addresses of the form
XA0; end output [micreprocessar to PODP-1°) incerrupts genarate
vertor addresses of the form %¥X4. The conditices that initiate

the intorrupts are:

¥AD - An interruunt at addrese XAOD woccurs whes -he POF=11 raguests
the port (SEL4 or EELG] and the microprnoossor regpands by

asserting Ready In (RIOYT) and Interrupt Fnable In. {IET].

XX+ - An interrupt at address XX4 occur=E when, after charging thoe
port with data, the nicroprocesscr adsaerts Ready Out (RGYO)

and Toterzrrupt Enakle Cuis [(IED),

3.4 ERICERITY SELECTION
The pricority for the interrupts 13 aelectanls on the microprocessor
via a plug-in pricrity selectioh card, It ia shipped with a pard

that satablishes BRR5 as the priocrity lavel,



! FDF-11 PROGRAMMING INFCEMATION

I.4.1 Introduaystion

Frogramming tha 0DMC"1 is described at twn levels. The firet lewel
deacribes how a PLVP-11 program uzes the DMC11 contral and status
reflsters togechar witn the interrupt system Ear transfer of control
acd status informalion betwoon the POP-1? prograem and thoe pMO11
micraprogram. The gdecand level describes detalls aof thosco
transactions, iccludinsg fLorrats, details of device and pratpaal

Inltialization, d4z2va tranz®er and unusual ca=esg.

In oxder to succesafully program the DMU1Y, it iz neb necessary Lo
bhe famlliar with the detaila of TDOMP protocol speraclon. T N
dre handled by the DMCI1 microprogram, However, some Familiari=y
with the protecol operation iz weeful in interpreting the
gignificance of the varisusz error souunters prowvided to asscss the
guality of the rircuit conuecting the two computers, IF a DMGTT

iz to cummunicate with a different interface, which usas a scftware
implementation of UDCMF, the person programming tha software
lmplementation should =onsylt the DDCHE proetacnl standaxd

dacument .

A.4.2 Unibus Conbrsl aad Etatus KAegistere

Communication of control and stmtus information betweson the FRl-11
and the DMC11 uses eight bylLes of gontrel and status reglsitars
1CER"s). These atre addressed as TELKKD, TEXENM1, 76XXEd, TONMNXNID,

TEEXHK4, TOXxMN5, TEMMXE, and TEXEMT. Thege devioe addrassas are




subsequently refarred to as Bvte Select O to 7 (BYELOD - BEELT:
Sor indicating findividual hyte: and ae SEL;, SELZ, SEL4, and -

SELG for indipating words,

NOTE
The Tontrol and 2ta*us Fegisters are
implemented with Random Access Memory
YRAM) . Thus, at power oh, the CSE'a came
Up in random states. &RE part af the
microprozeasar initialization. the ©sm's -.Q
(SELO=6) are cleared with the axception
of bit 15 of SELD {RUM]) whiak is5 set. The
lower order 2 bkitg of SELC (BSELD] ara
cleared flrat, Duws to the high $poed of
the microprocesgsar, the reglsters are
cleared beforg access by the FOPRP-11 iz

pogaibla,

BSELA-T7 comprise a 32 bit data pert that ta used to pazs infurmntiﬂn_J
betweern the microprocesser and the PODP-11, 'The transfer of
information from the PIP-11 to the micropessessor is called an

Input Transfer, often akkreviated IW or I. Tha transfer of

inforeation from the microproceasssr to the FOP-T1 i3 called an

Cutput Transfer, often abkbrewviated OUT OX% 0. These terms ara not

te be confueded with sending and receivirng data on the serial line

which are called sending or tramnamlssior, and receiving or

recaptlan,



BEELD controle ivpu=- transfers and BSELZ cantrels output transfera.
BESEL] containe blts used for mailntessnce purposes which are of ko
concern to the proagrammar, It alao gontainas the MASTEN CLEAR bit
which can be used f£o initialize the UMCI1 microprocessor. BSED?

iz not uweed. & switoh on the migroproceasar module prevents Lhe
BDP-11 program from slearirg EUN or performing other maintenanes
functicns in BEETY which would disable the microprocesscr's ability

t¢ ipitialize an uwratteaded PZE-11 compuiter aystam.

At reference for the programmer, the bilt assigoments Ffor the
Uniktus CS5KEs are szhows in Pigqure 3-1, & dSatailed description of

edc¢h register 1= xhown in tabular form,

3.4.2.1 BSELOD - Imput Register

This register compriees the low byte of addreass TeXXX0 (Tigure

i-11.
Bit Hame Description
D, 1 TYPE THEUT Thesa bits defines the type of 1wpuas
(TFPE I transfer as fullows.

Bit t Bit 0 Buffer Address/

0 b Character Count Ir
(BASCC L)

1] 1 Conmtrol In (CHNTL 1)

1 i Resarwved

i 1 Base In (BASE I)

A — e —— o — ————



LATUS CONTRIL ANVG STATES AEG/ISTERS

Figure 3-1 Tnibuzs Control and S5tatue Regileteres
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UNIBUS CONTROL AMD £TATUS AEQIZTERR
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3.4,2.4 BEEL] ~ Reperwvad

3.4.2.5 Data Pﬁft Meagpage Formats - The dap;'purt ie ripr-:autegf'

i
by nddreasex” TEXAME4A and TEXXIFEE, Thn firqxfhalf of the port i fﬁ
Texxxd, ﬁHinh inclpdea BETEL4 and BEEL;J The facand half of “the
port 1!#?EHxKE. which ineludes BEEijnnﬂ BEELT.
" 'y

; .

-

p
s
The port is loaded by the Puﬁyil on input tranafars and by the
s T
/
FJ.IETCIFI:I'I{:H!BEI' an autput y‘nnfer!_ _.F"
: i
/< '

L0y, s

In diacultithﬁil data port mapBAce ;Ernata, it iz gometimes mors

-

‘ /
sonvenient to use word ﬂeaiqnutiﬁpi (SEL4 and SELEY than byre

J -
degignatigne [HSEL4-T). F

4

a ,/ '
.-'-. '
.. r

o

Thdr?)iti four formats: fﬁf
¥, Buffar Addrsmsa/Character Count Input and Cdtput (BRASC I and
BASCE O) Pormat
The formats for BA/CC I ahd RAJCC O ape the sams {(Flgure 3-17.

SEL4 contalins the leant significant 16 bitas (&=15) of the

la-bit buffsr address. The tws most aignificant bits (16 and 17}

of this address are contalnédd in bits 14 and 15 af SEL&E. The

s
-

reraining 14 bits (0-13) ,0f SELE contalin the character count in
I

poaitive notation, not é'a complement notatlon.
L

LR



Bit

n, 1

(Cant.)

Nume
TYPE NPT

[TYRE L]

(Cart, ]

Lescripbkian

Fach of these transfere 1s cxnlained

in detail,
: = Buffer address/Character Tacps In
Ttilized with REQUEST IN {RQI). This

1s n reguest to the WicroprocaessnrT by
the PDLPI11 Lo usae the data Fort

[(ESEL. 4=7} For purposes of Eransfarring
ah 1R=bit bus addross and a 14-hit
character waunt ko the Mickropraoocesaor.
The character count must he PXpEassal
2% A positive binary pumber.

01 = Control In - Whan usged wick ROT,
raquests the use of che data port
(REEL 4-7) from the microproseanar

for the purunse of transferrinyg
Protoccol anéds/or process coptrol
information.

10 EBRegervad

11 Base T - Base Tn providrs & basa
address which, when used with =L,
Fequeats E£rom the microprocesscr Lhe
the use of 2ata port (BSEL 4-7) for —he
purpoeess oF tranasferring up ta an
189~Eit Base Address akd RESUME

{power fail) bLit.




(L1}

Bis

In 170

Hame

RESERVED

REQUES

IKTERRUTET ENAELE

INPUT

T IN

[IEI)

(BRI

Legeriptinn
Defires the Flacs (BA/ZD eteo.) for
Input {recelive) ur Qutput (tranamit) .,
For sxample, if U3E]L 4=7 conkalnsed g
new BASCZ, the migroprocessar would
neet knowledge of whethar thie was a
Blogck to be transferred gut, or a

Eaffer for a meesage tn ke received.

Set by the FOP-11 Lo regquest an input
trapxfer, Cleared by the PDLP-11 when
the dat#s hss been loaded. This hit
gexves a5 sn interlock bie which is
nged ko reqgquest the use of the data
port (BSEL 4-%7; in prder to tranasfer
up o 40 biks of data from the PLEP11
program. The RET hit is accompanied

by type of transfFar as defined by bits

2:0.

When aet, allows the microprocessar to
Meotar lnterrupts ta XXO having seat

RIY I.

-
—r
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Bie kKama Deacription
7 EEADY IK (RI*Y 1) Thia 1z & mlergprocessor TEsFCnSse to
RQI. When asserted, it indicatesz to
the POF?1 program te proceed with
loading the data pert (BSEL 4-7).
This bit i% cleared by the
microprocessor at the end af a- input

tranefer.

3.4.2.2 BEZEL 1 Msintenance Reglster

Thia CSFR contalns sll maintenancs furcticons other than MASTER CLERER
and 1% neot intended for pormal user Ccommunicatisns between the
FOP-11 program and tha microprocasszor, These functions cverridn
all pther contrel fynctions. All bits are read/writa: howswnyt,
only MABTER CLEAE is fumectional iFf BSEL 1 LGCE CUT ig get. This

registey comprisaes the tigh byte o7 address THEXXXED (Figure 3i-1),

Blit Kame Deacription
a8 STEP MICED=- This kit wher seét steps the micro-
FROCESSOE procesgor through one lpstructice
(STEP XI*) cycle, composed of five BT nsec alack

pulsea. The RUN flip-flop should he
tlaared before exacueting this contral

functioa.




Bit Hame

k] ROM INPUT [(RCM I

1% RHOM OUTPOT

[ROM )

11 LTHE UNIT LOGF

{LT LOOF)

Deacriphion
When set,;, dirxects —he sontents of
BSEL &-7 as the nexl microlhstryotion
to be cxecuted by Lhe microproceasor

whaen STE® MP 13 zuucrtad.

When Set, modifiesz the zource paths
Ear BSET. 4-7 to Le the contents of
L,
the sigres:o0d CROM & Lhe next
mleroinstruotion executed when STEFP
MPF is asgcserteod,
Thia concre:l Tunction whenm agserked
zonnects tre line urita serial line
ik back to its serdal ieme in, Thia
i% dope at the TTL level, bhefore Jevel
CONVEESion. When ke LIWE QNTT T.000
kit is \BelL and BRN is olreared, the

STElF LU clcock 12 t£he anly sloek

availakle Zor zhiFtiqng data out or in.

When LO LOCF i1z sel apd RO¥ is set data

ig clocked ak 2 10 Kbhps rake, If thr

B22% logp fack oonoecksr its 1lbgtallaed

at —he end of the =ZiIa zakble wlth RN

i

set ans wnol im L0 LIOCPE mode, data 1s
shiftaecd by o free running clock of

Approximatsely "0 Ebhwas.

114
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= Bit Fame Descriptictk
11 LINE UNIT LOOP The 1 Mbps and $6 Kbps line uanitks
roont. ) (LU LCCE} (Conb.) Foquire 2 12=-12028 ocoarial adaptnor
inetalled at the lipe uanit plg-tail
zablez to provide the loop back., Ths
lina unik nparate=s at the cleock rate

oF the integral modem in this cass.

—- 12 STER LINE [[HIr This central fanetion 15 uwsed in
(BTEF LO! ui!njuﬂﬂti'ﬁn with LI LOoaP, wWwkean
asserted, the tranmistter shifLs, ana

wnen negated, the roceiver shitts,

a 3 RESERVED

14 MESTER CLEAR When set, MASTER QLEAE initializes
hoth the micrepracessor and the Lite
unit. This bit is self cleapnicg. Tao
microprocesaor clock 18 enanied &l
the RION flip-Flop is assertei. The
CROM"s PO is alasc temporarily olreared
by MASTER CLEAR allowing Lhe microcode

to entey the idle =tata,

13 RON BUN controle the microproceszar olock.

This Bit is set by Bus inltializatian

3=11




Bit Hame Tederlption

12 {Cont.YRUH [Jont.) OoF MASTER CLERK which mnablas the

[Cont.) microprocessor olock. RUM can be
cleared four maintecance states., A
switck [BE1) is provided which preveants

EUYN from being cleared by a runawary
microcode program wWhen £he micro-
pracesggor malPunctionns. Rafer to

Chapter 2 INSTALLATTON for mera

o
infermaticn concertlng Lthe BSI
Ewitch.
3.4.2.3 EEEL 2 Qutput BRaglstor
Thiz regig+ter contalns control information relative to output _t
transfers from the microprocesser to the PP program. Thia
rogister comprises the low byte of addresz 7EXEKX2 (Figure 3-17.
Bit Hame Deasecrlution
o, 1 TYFE QOTPOT mhese Lhilts are encaded for the type —
{TYFE O] of data transafer from the MiIcCrOproCess0r

to the PLF1Y program.

00 = Bues pddress and Character Count Out
21 = Zontrol butgut

10 = Feservad

11 = Reagerved



Bit

Hame

OUT IS0

REEZERVED

INTERRUET ENAEBLE

JUTFUT (IEQ)

READY aODTrROT

[ROYO)

Deascription
OUT I1/0 definea the Flags (HASCC eto. ]
for Input (receive)] or Cutput (transmit,
For example, 1f BE2BL4=7 contained a
BRACC, the POP1V1program would want
to know whether this was a olock
complated anp output or a message
receivaed. An Input is indizated waen
thig bit 12 $at and ap output iam

indizated when this bit is eluarec.

When zet, the microprocasseor, L
ageerting RO¥D, wvectors an ietarrusnt

to XX 4.

This bit, when asscrted, Llndicares
that B3EL4-7 contain data as delincd
by bita 0-2, This Lit muzt he
cleared by the DRI Program after

the port data has bean gampl g,




i.4.2.14 BS5EL2 Line Humber/ /Priori%ty Register .

1f the DMC11 i3 uszed 4% n multiple line uuu:;ullnr,ffhis reqgiater,
_ ) - ¢
iz uwsed to designate line numbers aed to assign priority for bBléck

data transfers.,
.-'. __.-"
- _,I'

This register comprises tho high byte 8f address TﬁﬂﬂxjffFigurE
. )

3I-11. s

¢ <
-
. A
# .
lIIlI." .
. : s 1 e ,
Bit Hame ;f {; Dascr ipbkion
B-%3 LINE HNUMEBER r T%éﬁe bits are dusignated for ling
-~
%
pumbera during [urmat transfors,  The
o ‘ line number bkits are reguirnd wheon the
- .13 ! . - .
o i EK-DH?11 MLCXuEEawessor is 25€d a8 @
# Voo .
_;f e Jwltiple lane controllear.
LY -
14, 15 ?RIﬂﬁIT?_' Thes= hits assiqn ariority te blocks
-
L]
>

of data for tranasfer wia tﬁe OMCT1

micropreceagor when ik ls used as a
multipie line sontecller. Thie i=s

aipegidlly useful when lines of

differont spesd are oaed.

1. 4,.2.4% Nata Port MesSsagre Farmats

The data port 1g represented by addiegsses YEEDLd apdl TERXAS. The
First half of the porte Ls 78%XNd whirch innludes RASEL4 and BSELS,
The socopd kalf ©f the port 15 76XAXG whinh iccsludes BSELA and

BSELY.

A=14
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1.4.2.4 RSFL} - Rpeerved “L
! _.t:.l

7-4.4.5 Data Port Mespiage Formats « The Aats port iy rapressnted

Ev atcrences ?uHxIF #nd TEXXXE, The first half of the rore is

1axxx4, which inclhades BSELL and BSELS. The =xcond half of the

FOTE 19 7GXXX6, which inoludes BEELG and BARLT,

The port is lomded by the POP=11 on” input trunsfars and by tha

M1CYrSPOECESACT OoN sokput tranafare.

7hez format and contanta of the date port depend on the txansfar

tyoe (TYFE I or TYFE O], i

In diecaseing the data port mespaga formate, 1t iz sonetimes more

donvenient te use word deasignations {SELA and SELE) than hytw —
Sesigpnaticns (BAEL4=T7),
Thare are four formats:
-,
1. Buffer Address/Cheracter Caunt Input and Qutput {(BASCC T and
BASCC ) Format
The formats for BA/ACC I and DAJCC O are the same {(Figure 3-1). i
SEL4 contains the least significunt 16 bits (0=15) of the
lE~bit buffer addreex. The twa mont Bigoificant bitm {156 and 17]
of thie address are conteined in bits 14 and 15 of SELE. The
reraining 14 bits {0-13) of SELE contaln tha charscter count inm “Hm'
positive notakion, noet 2'a complemant notation. rﬂaﬁ'

Ad




The microprocesspr can Btack a maximus of seven BASCCE: sach for icput

and output. This nuymber is based <¢n the size of the core takies

{BASPE)Y in Ehe PDP-1]1 memory, which is limited to 256 bytes.

Faor input osperatisne, BRAOC I kuppllies hew message buffers fto the

nicroprocessor,

For output opersations, HA/CC O returns the buffers to the POP-11

that were succassfully franyferred to the microprocelscy.

Oease Input {BAZE I) Format

sELd and bilits 1l4d amd 15 of SELS provide the first address of 4
regserved klock of addresses in the PEFP-11 memery (Flgure 3-1). The
block siz# 1ls 256 Lvtes. Upon aseslgning the FASE address to the
mioroprocessay, the PoP-ll program must not modlfy any locaticns

wlthin the aeslanes Llock.

Bit 12 of 5ELE ix called RESTME. I1f €hie bit+t is cleared, the
microprecessar initlalizes the hase table apnd protecel. If aet,

the micropfoceascr resumes operatlon az specified by the contents

a¥f +he base tagbhle.

Contero] Input {CHTL 1) Format
The CHTL I Ffopwat provides 5 neane of imple=ebting certaln control
functieons (Flguge 3-1). The ¢ontrol bitas are located in 5ELS as

showth balow,

Hame Descriptieon

Aeperved
AD




10

11

14,

1%

ODOCHE Mainteananca With thie kit set, the picropracaen=

[ODCHF MAINT) Ecr enterm the DOCHP maintesnance
mode where Lt remains wpntil it 4

subse¢guently iniltialized.

Regarved

DDCHMP Hal? Duplex With this bit aer, DDCHP half duplex

{(DDLCME HD) operation 1a melected. with thias hit
claared, DDCHMEP Eull duplex aperation
ia sgele¢ted, This kit must be uasd
with bit 1].

DOCHP Secondary With this bit set, DDCMP half dubnlex

[DDCME SESY tecondary etation operation im
gelected. WiEh tHdls hit cleared,
LOCHE half duwliex primary atation
gperaticn is selected. Not usegd for
full Auplex,

Fegerwed

Centrel ODutpuwt [(CHTL Q) Format
The CHTL & fermat provides a8 mesns af informing the PDP-11
rrogram of error conditione invelving the DMC1Y hardware,

FOF-11 predgqram, c¢ommunications channel, or the remote statimn.

EELY and bitse 14 and 153 of SELE contaip the addreze of this
format. The cuntrol Lite are locataed im SE1LG ag zhowa below

(Figure 3=1}. AL



-hit Kame bescriotion
B Datp Check Wken set, this kit indicates that a
{DATHR CX) retransmission thresheld has byen

excaaded.

1 Time Cukt When mset, this bit indicates that the
microproceasor has recelved no
reaponee from the remcte end of the

link for 24 sscondse.
..-I-H--

z Overrus [(ORON] When met, this hit fndicates Ehat &
mcssage was recelived but o buffer is

arvailable to recelve it.

k! DOCME Maintenancsa ¥henm eet, this bit lndicates that a
Feceivad (DDCMP megaage in the NDDCHP maintenmbce
MAIHT RECL} format has been recelved and that the

device must he relnitialized te enter
the malntenance state. The mr&agoe thet

rmaunsad thisz kit £t he se&t 1z lost,

4 Laat Datm waen set, this kit irdicates Lhat the
receivad message i% langer tihan the
aupplied buffer. Thia iF a fatal error

and the device myuyset bhe relnitialized.

-5 Reasprved

AT




7] bisconnact When sset, this kit {ndicates that an
on=te=off trapnsiticon of tha modam
Dats Set Repdy lend has been deatected —

after the dsta link has been atarted.

T QDCMP Start When =et,;, thils Lit indicates that a
Receaivad [DDCME DOCMP Start moaasage waz fecaived when
EThRRT RECD) the protocol was in khe running state.

Thia 12 a fatal error and the device

muet be inltialized following ita

ocCeurahce. nall
B Renexistent When set, this bit indicatezs that =
¥emory (WHOM EX Unibus addresa timeout has occurred,
MEM] This is a fatal errnr and the Jdeviee

r--"'.

rust be initialiged follewing ite owcurenee,

] cROCEQURE ERROR When set, this bit Iindicates that the
[FROC ERR) POP~11 program has verformed a
Frocedural errcr. This ia a fatal errar
and the device must be initializad

following itz eccurenca.

J.4.3 Input Transfays

whenever the Aata port i3z ast in naw, it is subject to boing sefized
by the microprocesssor for use Lin an output transfer, Therefore,
the 20F-11 prog¥rah must reguest the ricroprocesasor to assign it

the port befare proceeding with an inpot transfer. It must also

AR



apecify tha type of input tranafer (a tranamit buffer, & reseive
buffer, contrel information, e#te.} 8o the mi¢crep¥ocasaor can make

appropriate prepitetions.

The PDP=-11 proocam should set blts @-2 of BAELP to indicate the
type of tranafer and then asst bit 5, Request In (EQI}, &0 reguest
the port. These bits may be set by a single insetruction. The
microprocensor respunds Ly settlng bit 7, Ready In [(RRYI), when the
port heg been apsigned tc the FPOP-1l1 program. Whem RDYT has Ceen
set, the POP=11 nrogram should lead the Asslred daba inko the

data port (BREL4=-7): than it should glear RQI. The micropfocesscr

takes the Adata and clears REYI, which completes the transfer.

git & of EBSELF, Interrupt Enable Input (IEI), conktréels whether the
FDP=1l program receives an lpterrupt (to Vector XXJ) when the
microprocessor has ®et EDYI. It ie moet afficient for the FOF-11
program to have interrupts disabled and simply scam ROYI one or
mure times uptil the microprocesscor has fet it. WwWhile the oprP-ll

program 16 waiting, 2t must be prepared to aceoept an output transfer

becaunse the microvroconsecy may have aeizad the port in the meanvhile.

The micropracesscr cannet sarvice coertaln tyres of dnput transfers
immedlately. In these cases, it la convenient to use interrupta.
If the FLP-1l1 prograp finds BRDYI <lear after several secansg, it

can enable intarrupts by exttlng IEL with =2 BIS or MOV inmstruction.
The POP=11 zhould ensure that TEI was Buccessfully 3¢t fallowing
the setting of I[EY while waiting for ROYI. Ef the FODP-11 Wwas un-

aucceanful, it shownld kry again. The DHCll interrupts the POF-11

Ba



([to Vector XX#) when the microprocessor has set KOYZ, The FOF=11

program gets the lnterrupt In all cases, even 1f the microprocessa; .

had alreasady sat RDYI at the time the prograw sets I[ETI. The program

can bypase any scanning §€ IEI 18 set when the rProgrtw fets RQI,

The PDER-ll program may clear TEI at any tire octher than when

awvalfing ROYI.

KOTE
The POP-1]l prograe should not begin a new

input tranasfer until the previous transfer

has Lhean completed, as indicated by the

microprocesscr clearding RoYI. If the FRPR-11

Program wiahes to Lhwgln a new teansfar

immediately, it should check that ROYI

hae been ¢leared before settine EOI.  This

can be done bY scanning EOY¥T untll it has

eaen cleared,

The PIP-ll program must not attempt to

cugue more than fseven buffers for tranomis=zien or

raception, as data Integrity may he lost.

d.3.4 ODutput Transfers

The microprocesecr initiates an cutpot transfer whan it has

itatus or error information to transfer £o the POF-11 preogram or

it wishes to returp a full buffar on reception or an empty

buffer of transmission.

The microprocessor can initiate an output

ald

-
-



transfer any tice the data port is free; that is, not aszsigned te the

PEP-11 program for an input transfer and not in use foy & previous ocut-

. -
-

"t tranafer. fiowever, if the PDP-11 Lpy disnitielired the DHCLl]l by setting
HASTEH “LERR or generating the INIT =2ignal on the Unibus, the ricropreocessor

does not generate apy nutput tranafer until it hase been inftilalized kv

the PDR-11 progeam,

The microprocessor loads status or error information inte the data peort
{BEELA-7) and mete bits P-2 of BEEL) te indicate the format and airniticance
af the data. It then sets bit T of BEELI, Ready Qut [RDYOY, to iledloate
to the PDP=1]1 wmrograms that data is availghle, In raspondae to EDYO setting,
—
i PDER-11l proaram should mote the tyoe of gutput transfer as specified
tn bite #=2 of BSEL2? and read the dats in the data port. ¥hen the FDFP-11

program has sampled all the data, it must complete the cutput transfeor oy

clearing ADYO. This Frees the data port for m subsesuent tranzaction.

the PRP-11 proqgram wishes, it canh enable inteprupts on cutput tranefers
Ry setkting hit & of MERLZ, Icterguwnt Enable Cutput (LEQ). If IED is Bet,
the DMCL1l interrupts the FOE~il (tp YVectop ¥Xd) after the microrroressor
has =et ROYO. Since the FDP-11 pEogram uspzlly does not know wWhan an
~rutput Eransfer will accur [for example, when a message will be recelved),

a afficlent POP=1ll pracrac ordinarily enables interrupte on cuktput transfeore

HOTE
The PDP-1l1 procream must respaond tg @0YC
peing zet by reading the data and clearing
ED¥0D, Failure to do this prevents the datg

rogk fror heing fresd. If the PDP-L11

a1l




rrogram had reguested an input tranefer by
setting BRI, it rMust be prapgred to reapond
to am output transfer prior to being civen
RDYI. If the PDP=11 proagram fail=s ta
ragpond ta ROYO, it mavwer geta EDYY. Tha
FDP=11 program should net spim an RDYI in a
loop that does not alge twat ROYO unlaagm
interrupts on oukput transfers are amabled,
and the loop executess at n lawer priority

lavel than the DHCIL interrepe leval.

3.49.5 Initializmatinon

The powerup saquence and Unikbus IFIT siqnal initislize the DMCLL.
The PRP-11 program can achieve the same effect by setting

MARSTER CLEAR 1n BSEL1. Each of these procecuras rastarts the
microprocezsnr to the beginnine of its mieroproagram, In this
atate, the micreprocessar does not zend oar recaive NESSAYRSE OO0

the seripg]l line or gensyate outpuk transfers.

The FDP=1l program should not acceas the CER: for 3 us

following MASTER CLEAR.

¥hen the PROP-11 praogram wishes the THT11 to funetion, i1t muet
perfarm an input rransfer that apecifies the base address cf a
128-word takle in PRF-1l1 memory, which iz called the bage table.
The FPDF-1l1 prooram requests the PASET tranefer by sBetting TYPEI

ta 11l. In reeponse to BRDYI, the progran leads the low-order 16

Al2



bitg of the address inte SFL4 and the high-order 2 bikg of the
addreass into bits 15 and 14 of SELA, If the DOCMP prpotoeol

operatian is to he ipiktislized, the RESUME bLit (bit 12 of SFLA)

must be clear.

oneoe the POP-11 has gpecified a base address, the liB-word hase
tabkle belongs to the micropracessocr until the DMCl1l iF mastar
cleared by INIT or MASTER {LERR. The PDP-1]l progiamh may examine
the contaents of the bacse table (for exanple, arror coihibers

relating to protocsl operation] but must not alter its contents.

.y supplyinc a base address with the RESUME bit clear, the

microproressor is cendltioned to enter the DOCMP etart-up state.

T™he PDP=11 program must rerform &n input transfer, using the
Control In format by settinc the Half Duplex bit (HE) im 5216 (hit 10}
if the channel is half duckex oz by leaving this bit clear 1f tha
chanrel is full duplex. In addition, the program musat specify
whether the DMCL1 iz to opepate a3 a half duplex fécondapy

station {losw timexr) or a half duplex primary Station {ahert eEimep)
by aetting or cloarlne the Secondary bit (5EC} din SFELE {Bit 11).

& half duplex link shoyld have one primary statien and one
recundary station. The anly difference between the two 15 in the
lepgth of time $pent before retranswittince start scguohces. Half
duplex operatlon may be apesified at ary time by a Contponld In transfer
to accommpodate switching te a half Auplex brackup communlcationa

chanpel. The DMC1] artions ¢ontaining the lntegral nodes must he

ALl



specifically strapped far half duplex When uting singls cable

operation in additien to requiring the Control In transfer,

e
3.4.6 LOCMPE Start=Up
Before data messages may be tranamitted or received, the ODBONE
start-up seguence must be completed ke make certaln both ands
of the link are corregely initialized and to place bhe protocol
in the xunping state. The start-gp procedure will be initiated

within one timer interval following the agsgignnent of the BASE.

The PLEF-11 program may lcnore the details of the start BEQUMGCE .
Nawever, one property of the seguence is slonificant. oOnce the
local DMlll has entered the running statea, it derects and flags

A% an errary the fact that the other &nd has initiated the akart
Faquence. A% a result, the POF-11 vrogram receives a Contrsl Out
tranefey with 5ELE bit 7 (DDCMP ETART RECD)Y ses=. If this happens,
the PDF=11 program knows that the ather end of the link has

regtarted. The PDP-11 program s=howld initialize the DMCL1 and

begin again,

3.4.7 Data Tranemiaaicon

When the PDF-11 prooram wishes to franamit a tufter of data, 1t
clears bits 1 and @ of ESELP to indicate a Buffer SdddreqsCharam-
Eer Count In transfer and clears bit 2 of BSFELF (IN I/0) to
specify that this iz a full buffer ko be transmitted. It than
reguests an input transfer by setting ROI. In responge to ROYI,
it loads SEL4 with the low-order 1E bits of the suffer address,

Fite 13 and 14 of ZELE with the high-order bite of the addreoss,



and bits 13-0 of SELE with the ld=-bit character count. Buffers

fFrem 1 to 1E,%A7 bytes long may he used for leocal speration. For
remoke pperation, huflers should be limited to a practical waximum

mf about $12 bytes, depending on the error rate of the communicatiens

farilites. Eacn huffer corresgponds to a slngle ODCHMP data messaac-

When the messace has been successfully transmitted eand an
ackneowledgerent received, the microprocessor initiates an outout
transfor with kits 1 and @ of FSELZ clear to Ilndicate the RBuifer
Address/Character Count Dut [EARSCC ©O) format, Git 2 {OUT LS00
i8 rclear to indicato that & sSyccegafully transmitted buffar has

Leen returned to tho prodram.

The PIP-11 nronrar may Juaue up to sceven Lhoffers for fransmission

by suprlving huffers 6 the ricreonrscessar fastaer than it returns

them.

KOTTE
Thea PS3P-11 procrak wyst nak resuest an inpub
transfer tnat supplies & tramamit buffer if
severn are alrcady outstanding, as data

intearity may Le last,

J.4.8 Data Reception

them the FDPF-l: wregram has an espty Buffer 1t wisgnes to £ill
with received data, it clears bitse 1 anc B of BECL¥ to indicate
a BASCC I transfer aord =setx bis 2 pf BSFLY (IN IS0} to speoify

that an emcey kuffer has beern made available for reception. It

AlS



then reguesta mn input trangfer By smetting BOJ., In regEofite to
ROYI, it loada EBEL4 and 2ELE with the buffer addreas and character
ceunt in the same format as for transmission. 7The charactar count

Fufst be large efiough to accommodats the longest message expected.

bhen & message ham heen succeasfglly received and stored in the
buffer, the mirronreocesser initiates an output traneafer with bieg
I and § of BSFLY clemr to indicate the BASCC 0 format. Bit 2
(00T I/0C) ia aet to indicate that a huffer has besn cecelved,
SEL4 and SELE ¢ontain the addreza of the buffer and the Actual

rumker of characters received,

If & message i3 received whan no recafive buffer is avallable, the
microprocesnar informe the POP=1)1 by remns of 4 Control Cut transfar
wieh kit 2 of SFLE {ORUN} met. Tha other end of the link im -
informed of tha error and automatically retransmite the mesosage.

The FOP-1]l program ehould supply a buffer as fdon ag possible,

The PDP-11 may queus ap to aeven empty buffers for coception by

supplying them ko the microprocesscy faster tham it returns

buffers.

HOTE
The PRLP-1l progeam must net raguest an Lnpuk
txansfer that supplies a buffer for recaption

it seven are already outstandine, or data

integrity may Le lovt.

Al&



1,4.9 Control Out TrapEfers

*hy microprocessor informa the PDPF-11 program aof unupual or cor¥or
renditisne invelving the communicatdons ehantel, remote end of

t#ha link, CMCll hardware, or BDP-11 prowram by means of an cutnut
tyansfer with bit 1 of BSELZ clear and hit @ aet, indiecating a
centrol OQut [CHTL ©)} transfer. SELG contains bits that indicata
the prror condition. S0omo #EXYOGrs are pdvisory ih mature and normal
speration may continue. nthers ars fatal and reguire the POP-11

pragram to initialize the DMCLL.

Bit @ (DATA CK} indicates that retrapnsmiesion threshold has

boen exaasded [more than eight consecutive retrangmiesions hava
sccarrad for transmissioh &Y recaption]. This indicates a defartive
communications chnannel or that the other end af the link has failed
to supply & buffer for recsption. The PDPF-1l can examine error
seunters it the base table for more detalls of the error. This is

a hon=-fmtal &r¥ox. Kher the cauwge of the 2¥ror 1z eorrected; normal
oparation continues with ho measages lost in either direction. Thiz
spror may Appear raspeatedly antlil thme condition 48 corrected or until
the DMCll is initialized. Transient errors gorrected before eight
retranemisnionas are not reported to the Cpp=11 pregran but are

coynted in the baze table.

Bit 1 (TIME OutT} indicates that the microprocesacr has receivyed hao
regponse from the remote and of the link for a apeel fied period
{24 Beconds}. Tkls indicates a broken communicatiens echennel or a
failare at the othor end of the link (possibly a power fallure].

Like DATA 0¥, this is & non-fatal errop which can ogcur reneatedly.
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8lt 2 (ORUM) indicates that a message waa received but no buffer
wez avallable., Thls i3 & non-fatal errur. The FLP-11 program

can prevent thisa error from recurring repeatedly by suprplying =

huffer.

Bit 31 [DDCHMF MAINT RECD} indicatea that g meszage 1in the DOCME
mairtenance format was peceived, The message causipg tne contition
waz last, and thw PDP=-1llL muit reinitialize tho NMC1ll to aenter the

malntetances state. This 1% a fatal error.

Bit 4 (LO5T DATA) indicates that & message was received that i=x
longer thanm the buffer =zupplied by the FPOP=1]1 preogram. Thia ig

a2 fatal erramr.

Bit & ([DISCONHECT) indicates that st op-to=-aff transition of ths
moden Datky et BResdy lesd nas boen detected (remcte operation only).
Thisz iz a now-fatal error. For dial-up operation, the PDE=11

program must consider the possibility that 4 new caller has connactoed

to the IMC11l, if this is reguired by sBecurity romn=zideraticne.

Bit T {pOocMP START BECH] Iindicates that a DDCMF Start megsage

was roceived when the protocol was in the ranniny gkEakse, This
indicates that the remote computer haz initialired i:ta end of the
link. This is a fatal error. The PLP=11l program should initialize

the TMCLL if it wlehes to start over and complete the start=-up Aeduence.

Eit & (RWON EX MEM) indicaten tnat a Tnlbus addrexs timiecout has

ccourrcd.  This cowuld have bean raused by the FOP-11 program
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speclfying at invalid base addressz, buffer address, or count that
wes stored illegally in the base table or that by a defective FOF=11

memoery. This 13 a farsl error.

Bit % {PROC ERA) irdicates a procedure error of the part of the
PYP-11 prograc. The rogqueszted input transfer cannot he honored

due to a programnmica crrer. This ezror can he cansed by reguestino
a OA/CC before supplyinag a base address, reguesting a base address

g second time, ar srecifyvlihe an invalid code in BEEEL? bits 1 and §.
This ia & fatal error. Tha POP=11 program may creake this conditliaon
as o wmeans of shuttinyg down the ODMCL1 in an orderly mannex [Eee
Faraqrapn 3.4.13). Taka Termiaal Feadv will he cleared as & reaunlt

o thiz errar condition.

3.4.10 Mainkenance Messaden

A special TDACHP message format, the maintenance message, iz used

fmp down-lipne lwmadinc, restariing, or octherwise maintaining eateliite
computer =yetems. Hpaxaged 1n this format are gubijeck to prror
checking but are unscguenced, unacinowledged, and net vebtranamitted

autoratically oy the NMCLl. Transmission iz always half Suplex.

Faintenance mexxaqged cabh only Se zent and rerceived while the micre-

nrocefdsr ia in the DDCMP maintemance state. The FPDOP=11 prograc may

cause the microprocessor to enter this state by a CRTL I transfer «ith

bir 8 of SELE (ODCEP HAINT) sek.

If a maintenance messnon is recelived while in t£he running state, the

micreprocesasor parfarme & CKTL C tranafer with DOCMP MRIXT REDD ekt in
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SELG. The PDP-ll program nust therm initialize the device to the

maintenance statea to transfer messagad 1ln mmintenance format,

Onge in DODCHMP mpintenance mode, maintenanca megEATES oAl be gent

and received similarly to data messaces. oOn tranenisaion, the daty
poartion of the meszage iz taken from the bBuffar with the oMe11
generating the headsy and CRe=. On reception only, the data portion
iz placed in the buffep, MeEBages’ not 1in DOCMP caintenance Eoarmat
¢r having fncorrect CRCS are Bimply dipearded,

Tne data porticon of the maintenmanca mezaage may cantain apy deata thar -
is deslred, but ardirarily it conforms to the Tigital Maintenatce
Jperation Frekocol (MOD) formata. Whan cperating in conformance with
H0F, the OMCLll must be operated in a mingle buSfered manner, causlng
a line turn=-around after mach rezlage tran=mitted. when & host

conputey wishes to restart a z=atellite camputoer ayaten, 1t must send

the aproropriate MOP modbanes a8 dexoribed bBalow,

In order tgo leavs maintenanees mode, the pPRP-11 DroTEam muat initiali:nl

the ZH{C1l and supply a hase address wikh the EESTME kit cleayx. uq;

}.4.11 Femote Load Detmot

Phenever the microprocessor ia Funring, it is constantly scanning
the serial line for a LLCONMP maintenanca messege contalnipng an EFNTER
HoF MODE data field, Wwhat hapoens when thicg Farticular message

1s received dependsd on the Setting of two ewltch narks ap the OMCLL
line uwnit. Dervendina on the setting of these awitohes, the DHOLL

will either trigger the PDP-11 to begqin executing a program in m read- -
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only memory (ROMY bootstrap (DHETE, MO3F1, ete.) or tlnply pass the
data to the PDP-11 as an crdlnary maintenance mesBage. IEn case a
ROM heootmtrap is trisgered, swilitchex on the line unit specify an

B-bit word offset to the Seotstrap addresa space.

The data portion of the TNTER MOP MODE message is 5 bytes leng.
The firgt tyte containk the degimal number 6. The remnaicing 4
bytes contain the Same B-Fit walue., Thie walue 13 gspecified k¥
s awiteh pack on the DMC1l lipe mnit and xerves as a paseword to
protast mgainet inadvertent rocognitien of the ENTER MOF MODE
mesagage. EKTER 437 MODF meazagez with an inwvalld passwprd are

dizemrded if the switeh settingag specify remete load defact.

3.4.1l2 Pawer Fail Recovary

The DBMCLll keeps all data hecessapy to attempt recovery from 2 power
fallare ip ies bage tabkla. when the POP=11 program dektecits a power
failure, 1t should crase reguesting input transfers and create a
procedure earropr by epecifying an invalid code in GSELF bltes 1 and §.
Lt this poeint, the DMC1]l will ceame to sand and recelwve mesEsages
already zsent and acknowledwed or received, until the procedure aryop
code appearks Iin a CHTL o :rramafer. When powsr has heen restored, thae
POP=11 pawer recovery nrogras oan tell the DMCLLl microproceassor to
regovey from the error by performicg a BRASE I tramsfer with the
RESTME Lit aet. <The original base address must be Bpecified arnd the
contents af the base table must be the same as they were when oower
was Llost: citherwise, the program muat start over [RESUME kit clear}.

If tha base table 1% within HOL ar bipolay memory {(Without battery
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backup), recovery will net be successful sinco the base table will have
been lost. If the POP-11 procassor iz a FOP=-11/33, 11/44, 11/45,
117308, 11/55, or 11/7F, oMCll power fFail recavery ma¥ Le agccompanied

by data losa, and the seftware sheuyld be deslgned to peinitislize

the DMCII using software-maintaiped infoarmation about transmit andg

recelve meBBAYRs pending.

2.4.13 fhutdown of the DMO1l

The PDR-T11 Program may shut down the OwCli Ly creating a procedure
arror by apeelfying an invalld erode in RZRLE bitg 1 &nd @, The EDBE-11
Program snoyld process cubput transfers fFor measacas Already sent and
acknowledged or rvaceived gptil the pro¢edure cErar carfe arFears 1in a

CHTL ¢ transfer,

3.4.14 Data Set Control

The microprocessor maintsine Tata Terminal Ready cortinuously,
gropping it following An on=te-off Epapsitien af Zata Set Ready, or
#6 3 result of a procedure error (PROC ERR] . ©Cata Terminal heady
will Le reasserted when the deviecs ism master cleared. fin on~tg-ofE
tranaition of Data Set Keady provides a CHTL O transfer as describeg

above, if the DMTL1l haa hrean given a base adéfrcss.

2.4.15 Conulative Erper Counts

In order to help loeallee carponent failukes in the conmunicationa
chaneal, the NMC11 provides o record of each recowerakble canmunicatians
error it encounters, Eight hit counters for thesoe errors are provided
within the ba=ze table. The Laae table is updated periedically to
Provice these countsyxs. The format of these tountera ig detalled in

Takle 3-1,
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3.4.16 Optimlging Performance of the CMCll

The ©XCll implemente the DECMP protegel, which lmposes a fixed
overhead of ten characters on each data messace and reguires Aa
synehronization sequence whenever the lliae has gone icle. Crtimal
rerformance will be approachred wken the messane sizes approach the
maximum that rey ke tranemitted without error, the DOMCI]l is pro-
wvlded wikh maxinal numbers of buffers, and mesaage transfer ins
bidgirecticonegl. rupliemtions uwging weary sumll meesages yield poor
link efficlency. Apclicationzs usilng voerpy large meseages may wield

paar link «fficiehcy A% a result of line crfror rates.

Tatale 3-1 Cumulative Frror Counters
Lecatlon Condieion
BASE+3 EhEE Fecd == No Ruffer Bvailable
BLSE+41 KRAKE Begd -- Bad Header BCC
BASE+5S KAKE Becd -- Bad Data EBECC
BASE+G FREES fZent -- Wo Puffer avallable
BASE+T LAXE Eent =- Rad Headar RBCC
BASE+10 FAKS Sent == Bad Data BCC
BASE+11 ERI's Bentk
BASE+12 REFSE Hioed
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once thia messgage has been succaszgfully receiveﬂlfgﬁ; DMC11 elLaris

the POP-11 progrkam 2t the gpecifled tranefer address. The LI

-

must be initialized beforxe it does anythiag ge except refdognize

i subscoyuent ENTER MIF MODE maintenancse m CSage .

1.4.12 Bower Fall PRecovery

The DMC11 keeps 5l1 data necessary’ to recover frfm a power Failore
in 1it= base tablg, Whers the PLF-11 pigﬁram dgtectes & power

)
failure,; 1t showld cease reguesting in&uuft anefere and not

respond to output transferck., wpén power Mas been restoraed, tho
4
FDPF-11 power recoveIy ppﬁgram”c%p Eall ghe DMC?1 mlcropraoces sor

L

to recaover Fram thoe E?éﬂT Ly pariprm' qJ a BARSE 1 transfer with
L

the RESUME bhit sot.,’ The vriginal as5e address muet be apeciiiesd

+
L]

and the tDntEhtsfﬁf theuﬁﬁﬁc tabYe must he the some as they were

s

when Fowerr Hﬂﬂ/{tlfif-: “thl:.'ir:ll'iﬁﬂ the program must 8BT”art owver.
(EEETTME bif q&kar}, As uar}fmf the power recovery, the FLP-T11
S
"
FYoram mu%ﬁ réepnat an unyéup]gtuﬂ input transfer. Tt must =t
;
b 1
IEI and IXC ag deslrad.,)” The micruprocasser repests an uncomploted
! f
autput ¥ransfar. If
- 1
S -' !
S ! ]
-~ ]
/ ) £
1.4,13 . Tata SBEJEODtrGE
& : : !
£ r ’

IF'thﬂ\fwirche?fnn the LMC11 linme unit speclfy hoaotstrap RCM
rériqqﬂrfﬁﬂ u;fduwnrlinc loading, the micropraces=sar maintalns
: K

Tata Tﬂrmiqﬁ] Rrady continuously, dropping 1k far a one smeddand

peTiod Fqliﬂwinq an orn to off transition of Data Fet Ready.

r
Utherwige, the DHC" ¢ does not turn Daka Termioal Ready on artll

-
it has' received a baze address. It drops TData Termliral Reasly
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when initilalized by IHllﬂnf’Hrérﬁr‘tLEan and i;wggnps i1t for one

socond a&iiﬂwin an Dwftn nff transi*inn of Data Eet Ready. An

o0 tnrakféirans4liﬂn=ﬂf Data Set Ready provides a CHNTL O transfer

as déﬂcr!bed abeve, if the OMCV1 has bee- given a hase address,

.G MICROPROCESSQR CONTEOL AND STATOS REGISTERS

(]
"
[Py |

-1 Introduction

The Tnipus Control acd Status REgisters described in paragraph

i.4.2% are phyaically located in the multirart EAM. The RAM

capAaclty 18 13% hits arranged as 16 E-hils hytes, which |s aquivalepnt "J
ta N té=bit words, The RAM cam be accesgard simultaneaygsly from

hwo o spurces. dne source 1s8 kite Unibue asd the other 12 tho
picroprocessor. Therefore, whes these Unibos 0855 (BSEL1-BESELT)

erer viewed from the microprorcesaer, they are ralled Microprocegsor

Cantral and Status Fegisters, Specificalily, thevy are identifisd

a5 QUTEBUS™ /INBUE* regigtera 9-7 [octal) .

The remafining multiport RAM capacity, which is 8 d-bit bytes,
cortains the WPR Data and BA registers. These rogisters are alan —
called Microprocessor CS5REs and are specified an OUT RUSSIN EBOS

reglistars 0=7 (octall.

There are twe additional byte sized hardwere reqgiscteras that ars
listed in the OUT BUS*/IN BUS* catagory, They are the NPR Control

Fegister 11ﬂB] aikd the Microprocesaor Miscellaneopug Register 11133_



The micropraceggar has the rapalbility of addreszaing 32 byke zized
regieterse. AB a conovention, it has heer decided ta show 16
agalgned addresses under each cétegary; that is, CUT BUS*SIN BLS¥
and 0OOT BUSAIN BUS. As a reswlt, ik undefined reglaters 12-17
(octall are listaed under OOT BUS*SIN BUS*. Theze registers do
not exist physically. The line u¢nit devirce regieters, 135-178
have bean added trn the COT BOE/IN BUS category. These recistars
are phvsically Ifucated :n twe line unit. Address 1IZIEI is listed
twice because twn ling unit reglseer uee the same addresn. The

In Data 5ile is read only and the Out Data 5ils iF write only.,

Thaersfure, there arc nine reglsters in the line anit,

The arrangement <f the Micropro¢essor CERs 1ls shown in Figure 3-4.,

The detailad discnssieon of the Llne Unlt CS5Rs 19 contained in

paragrarph 1.6,
= ouUT BUSY,/IN BUS* Eegisters 0-7
These sight registers are iGéentilcal ta thase deecribed in paragraphs

1.4.2.1 through 3.4.2.5.

3.5.13 PR Control Hegister [(QUT BUS*/IHN BUSY 14)

Bit Hame Dezcriptian
i HPR REQULHET This bit can be set only. It 1=
{KFR EgQI autematically cleared by the hardware
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Eit Hame

iCnont.) NPR REQUEST

CJont.)

Lescriprion
when the WPE has neen completed.
When set, khis bit requests an HPR
“la the Unitus ta the FOP-11 MBMOEY .
If ouT WFR (Lit 4) is cleared, data
iz trapsferred fram the PDE-11
memoky, IZ CU™ WPR := sget, dats L=
transferred to the PGP=11 memory.
Elt 7 [BYTE XFER! rontrols wiOrd,Shvte

A lection.

For an IN WFR, the FPUP-11 memory
address i$ ic OUT BUS/IN RUS reglaters
4 and 5, Par an -UT KPR, the addreass
ig in COT 3USSIN BUS Fegisters 6 and 7.
The data that is asscclated with the
transacticor comea from OUYT BUOSSIN BUS
reglaters 7 and % for CUT DATA and

from OUT BOUS/SIN BUS reglsters 0 and 1
foxr 00T WPR (kit 47 i3 Unibus Contrel
line CT' and RYTE XFER {bit 7} is Unibus
Conktrol line 0. ‘When BYTE XFBR is
Bet, the state of the BA least signiFi-
cant bit [0) iz used to sclect the

Erte. The truth table for the type of



Bit Hame Deacripticn

0 (Cont,)] HBPR EBEQUEST tranzaction, as eelected Ly these
(HPE Hgl (Cont.) bits, ie snhown below.
aogT WMPR  EYTE XFER UHTRIUS
(C11 (0] BAD THAWNSACTICH
0 0 0 LATI
a 0 1 CATL
i 1 i Illegal
o i 1 T1llegal
1 1} a Do T
1 n 1 AT
1 1 0 LATOER {Low
Byte:

1 1 1 DATOBR (High

Byta)

1 EBLO/WRITE (RAW) This read/write kit provides no
faunction and may ke treated ia the
microcode ae a flag or state

indicator.

2, 3 IN BR 1& and The=ze Bre the BDP-11 memaory extencsicn
IN Ba 17 bits used during an IN RFE (C1 = 10l

transacticn.



Gii Hame

4 OUT HPER
3, & HREERVED
¢ HBYTE XFEER

Degcriptian

This kit is ueged i1n saseooiation with

HER RQ (bit D). The details of the

inter-relationship hetween thesc bits

are coverad in the deseription of

HFE R [hi+t 01,

Thig hit i=z csed in assaociatrion with

OUT WNPE to indicatbts a4 bwvte transfer

tor the PDIP=11

is s€t, the P

e Ty, When thi=z Liit

AP—=1" -1geg addreas kit

AQ for ay:e sclecticn, If AD is a 0,

oulr ATR -0

af tha BODI*-11

is stored in the low byte

e ey, Lf RO i= a 1,

OOTT DATA 7=0 isg =tared in the high

Evwte of the POP-11 mamary,

If BYTE is cleared during an QUL MPE

apeTaticn, OOT DETR 19-0 is transfarred

ko the FpRi=11

1-43
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Hit

Mlcroprocessor Miscollaneaus Regleter (COT BUS®SIN EUS* 1710

Hzm e

Jegeoriptian

HON-EXTLIENT MEMCEREY Durloy an NPH, thiz 9it 1s set approxi=

[(HOW-EX MFEw4)

AT LOW

ooT BA O1G apd

omTT RBRR AT

PROGRARAR CLITE

[(BOM CLK)

mataly Eﬂfzs after a nan-existont
memas=y locaticn ie addressaol by the
lcroprocessox. AL this Ltimp, the

HFER logic releases the Iaibus,

This Wit iz a =el only kit. ®When =et,
it triggers & 1-shot with 2 pulse
duration of 0,.%s5. Thia puls: gnrog

to Ehe Onipus ard initiates = power
fall recovery procedure in theo Dol |

Proce=sar,

These arp the FOP-17 memory CXLensicn

bits used during an CO7T HPHK troansfer.

This kit acts as a timer for the
microprocessor . It can be read to
determine lapse tlme for time out,

flog teatiry, oto,

This bilt iz the 7 asukput of a Tea-

triggerahle 1«ahok with a 15 pulse



4

=1

Bit

[Contc.)

Hame

PROGRAM CLOCE

[PGM CLK)

REEERVED

(Cent.]

VECTOR AT XXAd

BR REQUEST

(BR =Q)

ODeacription
duraticon. hs long az the triggering
Pulses come along a2t Iess than 1 second
integvrals, thke T-ahot remains asserted
and this bit iz read as a 0, If the

1-zhet times cut, +hig Lit is read

ags & 1.

ITf this bi< 1% snt when BR EQ [bit 73

is set,; wector address XX4 1= gensrated.
If it 18 clenred when BE EQ 135 set,
vector addresxs YX1 is generated.

Address H%] is assnciated with RDYT

and addreszs AH4 it asseciated with BRLTH,

Wlien sat, this bilz initiates a Bum
Hequaest via the Unibus a4t BR level

4, 5, 6, ar T. Tha microprocessor is
ehipped wlth g BRE3 priority card
inetalled. Thie bit can he set only
gnd i% claared by the hardware after

the HE kag been completad,



—

3.5.3

Ragigtar Hame
o, 1 IH DATA
2, 3 OT DATH
4. & IN BA

B &, 7 2UT BA

KERE Bue bddreas and Dats Registers [(OOT BUSSINM BUS 0-71

Deparipeiag
Low byte (regilster 0] and high byte
(regieter 1) of data to be transferrsad

from the POP-11 memory.

Low byte (¥agister 2} acd high byte
(register 1} of data to be ftransferred

ta the PDP-11 memory.

Containe BUS Bddreasx {(RA) Lkits O0=16
during an NPR transfer from the PDFP-11
memory, Bit 0 of register 4 is BR

bit & and bit 7 4f register 5 ie EL

bBit 16.

Contrins Bua Addresga (BRY Lits 0-16
during an NPH transfer toc the POF-11
memary. Bit 0 of register 6 iz BRA
Bit 0 and bit T of register 7 is

BR Lit 1&.



3.6 LINE UKIT EREGISTERS

ALE0 ln/Sout Date Silo HRegisters (10)

The In Tata Silo is loaded with E khita ol receoived dats from the
Recoivor Data Register. When the microprocesssr uerrforms a reoad

cperation on this regieker, the datas is Tresentasd to the IRDS,

Fhysically, the In Data Silo i= in the Fform of = G4 weard Lw 12 Bit
stlo. The other four bits coneildeved to ha part af the In Control

KegislLer.

Waan Loa# migroproceesor performs a write aperation on the In Dats
5ilo, rothing happens to this register. However, the ® bita of

data teo be franemitted 1s takan fram the QRUS and is rreaented

to tihe input of the Out Data S5ilo, which is 3 €4 word By 12 bit zilc.
tha oLher Tour bits are considered to ke part ol fhe Out Control

Hecister.

4.4, 2 cut Contral Register (11]
BiL Hane Lescr:ption
| TS0M This bic Lls used o inikiate the start
(Transmit Start af of a new mespage.

Moassageld
DDCHMP Mode: The Swvns charactafr must
ke loaded into ghe ut Data 3ils along
with TSEOM Lhit, This sharacter is

trangmitted a3 khe Syne characker unkil



—

fCont.,. ]

Mams

TSM

[Transmiit =Starert

Message! (Cont,

s

]

Description
TSOM iz cleared., Until it i=s clearecd,
the characters are not included in cae
CRC accuomulation, When TS50M i= cleared,
the present Syne character is
transmitted and ieg followed Ry dato,
A1l data ie included in £he CRC
accumulatian, AL CRC is5 enablad., Croe
T50M has bkeenr set, the CRC accumulstion
cannot be inkibkited unless the line

unit is initialized,.

Bit stuff Mode: Whan T350M ia zel, a
flag character is automatilcallw
transwitted. The characzor that is
loaded with the T30M bis is lost,
Flag characters.arne antomatically
transmitked aa lang as TSOM is ==L
HWhen data 12 Lo ke transmitted, THOH
iz 2leared and daka 1% loaded into
the dut Data Eilo. Lt f£he: complostion
GE the current flag echarackar, the
actual tramsmizzion of Jata hegins.
Rll dinformablon g he trapsmitted is

included in the CRC adccumulation, if che

CRC fumction i= enabled.



Bit Hama

Q TI0OM
(Cont.)] (Transmit Start of
Mespage)l [(Cont.)
1 TEOM

(lranemit Bnd of

Meggaga]

LesCcription
This Lit 1s program write anly. It ig
cleared by the inlkializavien logic
and by khe fact that data wa=z lopded
inte the Out Tata Zila. It 1es loaded
inte the Silo and passed to khe

transmitter through the Silo.

Thie bit is used Lo terminate the
message in progress and cobktral the
trapamission of the CRC character, if
the CRC functlon is enabled.

DOCHE Modae: When TEIM is sek, the CRO
character is transmitted. If no more
messages are panding (TSCM cleared),
the transmitter ie shut down.

Bit Stuff Mode: Whan TEOM ims Bet, tha
charapter loaded wlth it iz lost. The
CREC character 13 transmitted. If no
moare measages are pending, the
transmitter is shut down by having a
second TEOM in the =iln.,

This generates

a4 5ingle c«losing or intermessaga flag,



BEit

{cont .}

and

Name
TEOM
TTranamict End of

Meszsage] (Cant.)

Resarved

oUT ROY

[Out EREaadwy!

Deacription
Thig blt 1ls program write only. It is=s
cleared Ly the dinitialization 1ogic and
by the T5IP flip-flog which is set
whenevar data 1% loaded inko the it

Lata Silo.

Thase Bitse are program write only. They
are cleared by the lpnitializaticn logle
and ®y the TEIF flip=-flop which 1=

set whenever dakra is loaded lnto thke
Out Data 51le. These bits and bits 0
apd 1 are pafsed to the transmitzer
through the zllo evervtime recister 10
is written lata; therefore, 1if the
COHTROL IW format iz to be Bent, these
hits must e wrltten befoxe register

10 ie writtemn inko.

When aseertad, this bit informs the
microprecaesser that the tranemitter is
ready to aceept data. It indicates that
space la available im the Cut Data Sile.
The microprocesser loads the Ouc Data
Gilo and then reads QOUT ERY. The apesd
of the wmlercprocaessor allows COUT ERY

tp ha read and interpreted as true



Eit
d

(Cont.]

[H ]

i b

-]

Hame

CUT EDY [(Cont.)

(Cut Ready)

Ersarved

oUlr ACTIVE

CCT.REP

(COT CLEATR)

It Control Reglistar

Hame
BHTZ MLTCH
[Block Cherk

Character Matech)

Naacription
hefore the s5ilo has l1oaded Ehe data.
Therefora, one oynie muet “lapse betwaen

loading the =22'm sna reading QOUT RDY,

This bit iz raad =nlwy,

Fead only, Physilcally, thia hit is a

switeh.

COT RCTIVE informe bhe microprocessor
of the status of che rranomitter, When

1t is =2e&t, the transmitter iz active.

This kit im read oxly. I+ is set by the
hardware and cleared Iy the

initialization logiz.

This hit ie used +o clear all the
tranamitted fuknetians. OODLREF 1% program

wrlte anly.

(12]

Lescriptinm
BEC MATCH ie the cu+tput of the reacpiver
CRC aerror logic thas monitors +he

aentents of the JRO register, With

-850



Bit
a

[Cant.)

Nam=
BEEC MATCH {Cont.)
{(Block Check

Character HMatcoil

BLOCEK ENTD

ODescription
tha CORC Funockion &nahl&d, BB Ma'lcH is
assarted at the mnd of an erroxless

me E5s A e, In the ODCHMP pyotoccl, the

contents oF the Becegiver TRED Recistor

cguals rero when an errorless meossage
haz been received. In the SDTL
p¥akocal, the contenmta of the Rezeivar

CHE Register agual 016417,

This bit is read anly and is updated

evarytime ragister 10 is read.

BLOCYE, END is ueed te2 inform thro
microprocesgor, in 5JL0C mode, that a
terminating flag has been roooived.
This flag may b= the leading flag for
the next megsage. The BLJOCK EMD kit

is loaded with the high byte of the CRD
character; therefora, cthe BLOCKE FRD kit
along with the BCOC MATOH Eit shoulr b
wded to ilndicate reception of a gand

MESSagqeE .,

Thie bilt is read only and is nubk oeed
ln the DDCHP mode. It ie updated evory-

time reglaker 10 1la read.



[y}

Mo e — . Oeacription
. e i sl R I

Repervars When asserted, this hit informs the

microprocesasct that received data 1=

T U= ready for processing. I+t indicates
s Al i . .
’ oy that data ie available at the cutput
of the In Jata Silo.
This bit iz read cnlw.
ALT LO LCOP During maintenance, this kit i3 set o
(Alternate Line loop the receiver o5n the rramfmitter
Oonit Lacp) with ro connection to the modem control
lines.
This kit 18 program read/writse.
IN ACTIVE When aseerted, thiz bit iafarms the

microprocesgar that the receiver ie In
the data recoption mode: that is, it

is recelving data ar CRC characters,

DDCHF Mode: IN ACTIVE is asserted apon

receipt of the Ffirst non-avync character.

SDLC Mode 1N ACTIVE is asserted wpoen

receipt of the first data character.



."'-h\.

Bit

Name
ICLEP

[In Tleax}

Lescriptlan
This kit 12 wu=zed to zlear all The

receiver foanetlong.

IOLRF is program wrltas aonly.

Modem Conteal Ragiliszer (13)

Hame

SECURE

W

c3

{Clear to Eend)

Description
The fuactioen af this bBit is reserwed
For future uge. Thia read anly bit ia
gelected by a awitch. SECURE is

aasaextad wher the switeh is COFF ifopen).

The function of this kit i reagerwved
Fox furure uee. This read caly bic is
aelected by a switch., EW le agsexted

whet the awlbch 1F CFF {open) .

The £ bit Lnferma the microprocesser
of the state of tha modem Cleax to Seed
line, Tnis bir and XODEM I0Y (hit 3)
must be asserted simaltensously to
genéeratse SEND wihhich 1 the transmittar

enabling zlgnel.

This kit is read only.



iy |

Hame
MOLEHM RODY

[Modem Haady)

DX

(Half Duplex)

RE

|Regquest to Send)

Desvription
The MODEM RDY kit informa +he
microprocessor of the stato of the Modem
Rewsdy line. Gn the 201 Line Tnit,
this Bignal man be aeld asserked
permanently througih the uge of n
JuBper. {n the MEZ02 Line Onie, thiso
signal is asserlec when power is

turned on.

This bit i3 road ounly.

Tha HODK bit iz used ko put the line unit
in the half-duplex made. When this bit
and the Requemst to Send bit are agagerted,
the recelvsr clock iz inhibkited which
Plindz the receiver curing operatlan

in Ehe half=duplex mode.

Thig bhit iz program read/writs and can
be direcrely olrared oy thoe olear signal

from the micraprocessor.

The EE hit informs khr microprocezaor
of the state o the modem Hequest bto
gend linc, This bit is controlled by

the line upit logic and not by the

_—



Pl

Bit Wame Deecription
5 RBE (Cont.) micropracessor, It 1% clearcd by
(Cant.,) {(RKeguast to Send! abeence of data or by the ipitialization
logic.

This bit is read only.

£ OTE The ITER »it enabkles the modem wis the
[Data Termlpoal Lata Terminal EReady line. This bit is
Ready) Frogram read/write. It is8 directbly

st by the initlalizatlien loglc Swus Lt
can be cleared anly by wrlting -~ 0

inte it.

7 RING The RING bit informs the microprocessor
af the state of the modem ERing line.
RIHNSE ie inhlbilted op the MR2OZ Tiainre

unit.

Thia kit iz read only.

3.6.5 Eync Register [(14)

The Eync Reglster ls am B-blk program readswrite register.

DDCHMP Mode: Tha rteqister is loaded with a program solectabhle sSVInC

character.



Ait Rtuff: Ir the szecondary mode, this reglaskter iz loaded with
secondary Btation address. Thie B8 kit character follaws the ipitial

flag in the SDLC message format.

I.6.5 Swilitch Selectable Eegieters (15 and 16!
Both of these regiatersa are DIFs contailning eight switches each.

The program determines the function of both regizters,

38,7 Faintenance Registar (17}

bBit Hame= Leaeriatian

L]

MODE The HOLDE bit selacts the protoccl (DDCME
or Bit Stnff familics]. When set DOCME

is selacted; when sleared, Bit Stuff ia

gelectad.

Duripno initialization, the CLEAE zidgnal
from the microprocezsoar Sete this bit to
s=lact DDCMEF. This it can be cleared
[EDLE salected) only by weiting a @

inte 1t.

This bhit is read write.

1 ECS ECS 1% the ouatsurt of the inkernal RC

iInternal Clack] tlogzk f{approximataly 10 ¥H2). Thiz bit

is read ooly.



BlE

L
) 2
K|
.~ 4
.'l-r'_\-
5
—_
&
7

MHame

Eegerved

ICIE
(In Compagite Input

Ready)

QCCR
[Cut Composite

Dutput Heady)

31

[Seprfial Input]

ol

[fuotient 1n)

Qo

tpuocktient Out)

Deecripticn

Fead only.

When asgerted, thle bie 1lndicates +that

the Ip Lata 54ile 13 réeady Lo accept data,

Thie kit i3 read only,

When asserted, thlg blt incdicates chat
deta 18 rxe=ady at the output of the

out Data =ilo.,

Thie bit is read only.

2I 13 the gerlal ingut data frem the

maden,

Thls bit i%s read onlywy.

NI is the laast significant bit oF £he

Beceiver CRZ Registar.

This kit is read only.

Q0 L% the least signiflcant bit af the

ORC Reoister.

This bhit iz read noly.

A-57T






CHAPTER 4

DETAILED DESCRLIPTION

4.1 ECOFPE
This chapter provides a cetailed description of the DMC11 lagic.

Included in a general descripticr of tho DMCI 1 microelnstruction

wakrd formata.

4.2 HICROPROCESEOR ERCHEIFTION

4.2.1 Introduoce o

The follewiny discussice lncludes a detailed gSescription ol cach
register and associated logic in the DMCIY MILCTORIOCESSaY . Figura
4-1 illuatrates a gereral block diagram shoewing registers ang ull
imternal dala paths. Throughout the chaptay, raference khis

diagram in all discussion relewvant to data flow,

At fLimes; it becomes imocrtant to kpow the contents of registars
relative ko other registerss as well as meachine timing. Figureg

4-2 shows thiz relaticnship with respect to the master clock.

4 3.2 Microelnstruction Word Pormats

[wo different microinstructions can bhe excouted by the DMCTT
microprocessor,  They are the MOYE and BRANGH microilsstructicng.
Theee microinstructions roside as permanant microecodo in 4 Dead-
Only-Memory defined as the Contrel ROM (CEOM). The CRCM has
enough atorage capacity to atore a microprogram of 1024 words.

Each milcrosinstruckion ward is sixtran bitg long,
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75

BALY

FC

CROM

MAR

SRG

SCRATCH FAL

ARALTIPORT KANS

AL LS

|

TR TY 7/5¢ 7Rde TP

| | |

LAST INST RESUHT OPERAND

(PCALER LAST (ST RESULT OPFER

% CURRENT 14STRUCTION

LAST IWET FESIH T CPEFANS

LAST INST RESULT OFERAND |

ACoRREN T INST A OPERAND

.-"'_,.-'_

COURRENT iNsT 8" OPERANG

{c.:—wﬁg;;; INST RESULT CPERAND

Tlwgre: 4-2 Microproceseor Register Timing



Flgur#s 4-3 illustraktes the word forma® of the BRANCH
miproicstruction, RBits 13=15 are the operatian coge defining
the microingtruction as a aranch. The operation code defines
further the source operand frem which the partial branch address
is developed., The branch address being the addrces of Lhe next

ricroinetruation, should ehe branch conditicon be satisfied.

The condiltion under which the branch s t2 2cour is defiped by

aits B8-10. The resultant branch addroess is parlially defined

by bits 0-7 of the microinetruckion. 9These eight bits are sombined
with microinstrnetion bits 11 and 12 zo form the complete teon bit
branch address capable of addressing any 2f the 1024 lazations

within the CROM,

Throoa BRANCH microingtructlons exist, each defining a different
source operand frem which to developn ke low o:giot bits of the

kranch address.

4.2.2.1 GE - Branch Tmmediate [I)

5N T N W N8 8 7 & 4 &£ 32 L 4 &
1 1 1 1 1 LJ | 1 | T T L|
PN s By ’_Ez‘) Ve CGTMT:@F IMMEDIATE ADORESS

The microprogram branches if the conditicsn epesilfied by

microingkbryetlon bits #8-10 i met. The ten bibk branch address



BRANCH

5

H.-’Ef ,J.;:J

4

a7

GR (OO

SHESAMED
(IPERZND

SHUREE

\__.___._.-'

.

{ @

@ |srncH

{7

B ALg-

/S

Ty
/14,8

SARAANCH
ALLS N DT TRON

BRANCH ADBRESS

FUNCTION | AJORESS

ALl SERATCH PAD

[ T i ur

A NS

¥

i

) 1"

¢i !

2
JiE
e

¥

@ PP — SAescrved

| b @ = tincondrZional Sranch
G id — Branch t¥C hitissel

~ Brarch tFZ bil 1s s

FQd = Branch i ERGHIED IS 5T

— Sranch i FERGHIE | /5 SCE

- Emna! rfﬁﬁﬁé}a’f#fSEf

= Branch I BRG AT ST |

s

ThEseE rwa? bils r:,e::'m.efhmfd with the
{:’gﬁ?ﬁf ALl SUTDUE Form The
[ 2 p/ele G BT

FO55,

form Ehe

AL

- BRG] FEHE con ;ﬂs ﬁc- Ve

ALY

- fad - _me?{ﬁ'ﬂff S L5 &4*? ﬂ?‘nﬁfmfrm—-
Wk eomby ﬁnm’ Wrth bils Hand /2
aneh adoress.

Fip = MEH.‘ Tﬁfﬁfﬂ mﬂfmﬂ z»‘hgfs r::e
wned Wil
% E}ﬂ/fm .:;r’f Fined by rﬁe

ﬁzgﬁiy%r; /g5 o 3y e

5L

Flguze 4-3 Branch Aicroninatructicn Word Format




ALT

SUE

2's

2% b

a00

=2UE

InNC

Function

COME EME

W/
W/C

A

&4 FLUE C

2

28 WSC

Z=EC

A

SEL &

6EL B

E and B

A X or 3

Hotes:

T = Carry

W0 = With Carxy

Flgure 4-2 [(Cocnt.)

{A-H)
(A-B=1]
[&,B}
(A,.B,C)
{A=-B-2)
ta+1)
Cho, )
(T 2
(B, 8,2
tA-1]
(A}

(E)
(24E)
{RE]

tA+n)

(A (3 B)

Code

1110

1111

a90u

ao0n

aa10

Jd11

100

Jed

J11n

nm11

1nadc

g

111

1100

1141

C abhd £ ara setfcleared with MOVE ilestructiors.

A



dddress is the result of combining mirroinatruction bite ©-7 with

the Branch &Address =Sics (3AR) tbit= 11 and 129,

4.2,2.2 EE - BRANZH Mamory [(MEM]

54T RN 9 B T 6 5 4 F 2 4 o
/| 1 0848 |conoirion ALY FUNCTION| 52 ADRS |

This microiostructicn cumbines two cperands in the AritAmnotic
Logic Unit {ALU)] uander control of the AL FUNKCTION bite (kits
4-7]. The result operand when combined with microlrEtructicn
Bite 11 and %2, praoducss a ten kit branch adhiress. One aperand
is from a MEM Btorasge locotich and the other is from the Scratch
Pad (5P). Microcivstcrusticn bits 0-1 zddress the cperand in the
Scratch FPad, while ths MEM operand iz from the lecation addre=ssed
by the gurrenc eantents of the Memory Bddress Regiater (MAR).
The dezired address woald have been loaded in+to the MAR by a
previcus instruction ocher than the BRANCH under axecution. Mhe
condltion for the brarch is defined by the CCHNDITION COJE, hits
£-10., Pigure 4-3 defines the ALU FUNCTIAN COOES pogeible with

this microinst¥ruction.

4.2.2.3 TB - BRANCH Legiagter {BRS)

IS4 BR 198 T 6 543 8 4 O
/1| 848 |conoiman ﬁi.-.’.:—’.r"-‘{,ﬁ:i;t”?f:f;?."--’ 3P apas




With this microcimatructien, the contents of the BREG and & Eoratch
Fad memory locatlion are operated or o generate +the partial
branch address. DBits 0-3 specify the Ecraten Pad memory loecation
and bitg 4-=7 definpe tho ALY FUOMCTIUN ko perfors aon the Ewo

operands.

The other mloroinstruction, the MOVE, like fhe BRANSHE is a highlw
vergatile microlnstroetion, When combined wlzbk the BHANCH in a
mizroprogram, the combination produces a DHMC-" 1 nicroprocessor of
high wergatility and power. In all, fivwe wvariastions oF the MOVE
micreinsSt¥uctinon exist, each specifvihg a diEdfwrent source for
the operand. The source is defined by the operatic: code,

Figure 4-4 1llustrates the MOVE microinstructkticre ward Farmat,

The: aperation oode is defined by bits 13i-15, TRits 11 and 12
spocify the functien Lo perform an the MAK.  According to bhiese
11 and 12, the MAR can remain unmodified, ducremented, ar laaded
from the Buffered ALTD (R&TLO}. The destinatlicon of ehe reaglt
opaerand i1a defined by microinstructicw batsz 3-1D. Tha 1w boyke
of Lke microinsteyction i5 opearaticn code dependent farther

defieing isput addresses, ALY funection, 2cod sutput addrezoes.

The ALTN Funcklon Filield (Figure d-4)1, microinsorooction bits 4-7,
dafinme the operation Lo ke performed on +ho Twuw apprands, Thase
Loar aiks plus aperation aocde bit 14 sezsve as thoe addroess ioput o
Lone Function ROM [FROM}. The FEOM micraword coskresls the ALT

inpuca,



MOVE

™

53 2 e 8|7 L, 7
¢ @@ IMMEDIATE OPERANG
79 / :J"i’f} f;_ﬁ”” [ rweu7 sors [ovrryraoks
I @1 Tion e p | WPUTADRS |ouTPUT AORS
¢ / ¢ |FED! ALY FINCT  |ouTReT RDARS
¢/ AL FUNC T \OUTRPUT ABRS
. |90 @ —Aogperation ]
| .%f.f“_ — BAE
(@~ QUTBUS*(SPE*R)
&/ 7 = BRG right shifted ane &l
(B - oUTEUS (SPE=R)
_fri—'f'é -~ MEM
HI@ —SCRETEN A8 ]
[ f = SCRBTCH FAD and BRG
?d-Noeheer |
¢ | - Aeserved
| /@ — foagf MAK
L = Increment AR
B B

@ ¢ ¢ —Lmicdiale operand 10 £:2s d-7 of
PRGN ST U T, , .

F @/~ THUS i35 operand source qefined 8 micre
f{a'grﬁfgf e'ﬁ’? f‘;’ij 4-7 and destinalion
d=fine 155 G-/

fd - TBUT¥ S 4 cran _jafrrrf Fefined by

ACKIINSEYOUCTion bivs 4-7 Ond destinaion

defined by brts 814

g 1@ — MeM 15 obevand sovrce cocraled on as
aeiined 8y 4e0 Fonclidn (6iLs 4-7).
@il = BRG 15 dperany source %Eﬁdﬁ&?’ on as
defined Dy 448 Funclidn (bils 4-71
Flgure 4-4 Moare Microingtyuction Word Format




Figure d4-4 {Zont._}

MGV ALD Funcrtions

ALT Furction T

306 {hA-H) 7111

2's COME 50 {A-B-1} 1441

AlD [(B,B} Oaon Maw

ArD W/C [2,B,C) ona INET

SUB W/C {A-B-C} oo CLOCK

THC A [&+1) ac C MO

h VILODE & e O1in iNate 1) IHsT
&a (A, &) a19- CLOCK
En oWsn (A,B,C} 200 =

DRC A tA-1] 111 {Hota 2)
58L A [a] 1gop

SEL E [E]) a0

4 or B {A+E) 1010

h and H [(AB) 1071

A or B [BA+E) 110a

A X or B (& (P B) 1151

HCTES |

1. If ADD function, T is set ta indicats rarxy or Ssverflow.

2. TIf BSUB function, O is clearsd to indicate bortow or algn
change,
2, £ ia get whewn ALD ogut is &ll 1=.

i, C = Carry
WAC = with Carry

F.!

Arithmetic or acratch pad (BEPY side mf ALD.

B

Logle or TMUX zide of ALN,
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Common to all five MOGVE microlhitructions are the MAR FITHCTICH
FIELD éand the DESTINATICH FIELL. The MAZL can be modificd as per
the preovious paragraph. The MAR increment and load functicr sets
up the HEM vperand for the pext microinstruction whern necessary.
The DESTIHATION FIELD, a2 the nate implies, apecifies the
degtination of the resnlt cperand. Three »f the might poasisle
destinartion refersences Are nigroprocessor diligcrets registers, i.e.,
BEG, MEM, and BRG shifted and conesquently naed no further addrass
dafinitian. The specific location in MEM was predefined with a
previous milcroicetructicm. Four destination references raguire
Etill further address definitlen., These include 2UT DUES, CUT*
BUS, ECREATCH PAD, nnd SORATCH PADSEAS. “ha low order four bits
(bite 0-3)] ofF she microinatruction provide a specifile Aestlnatian

addresa withip OUT RUS, OUT* BUS or the Scratch Pad memcry when

any af theae are referenced as a destipaticon.

When destinatiche OUT BIIS and 0OOT BUS:® arse mlcropregrammed, 51
address U 1e presepked to BRLU input A. Thus, if MOVE instruction
MEM or BRG iz ased, all 16 ALT functlons are available to oceraks

on the two source operands (SF0 and MEM or BRG).

=l

The BREG rlght shift destination performs a right shift an pits
ko &, Bit 0 ie pazasd threggh the ALD B zide before returcing to
BEG bit 7 during a MOVE btype BRG instruction., Thisz allows a1l

16 ALU functiona with the 3P to e used far the possible alteralion

uf the data bit returned to BRE bit 7.

W i dd e e e — e e e




Tnstruction types MOV I, MOV IBUS, MOV IBLS* and MOV MEM may

alsc be used with a BREG right shift. Howewer, in those cases ALT
bit 0 is a Function of soutces T, LBIISE and 1HUSH while MOV MEM,
waich ia eimilar te MOV BRG, is a function of MEM and 5P as

selected by the 16 ALU functions.

4.2.2.4 Da - MOVE Ipmeaediate [I)

Mﬁ-ﬁﬁfgﬁmﬂg 76 5 4 3&/ 0
00 (:r MFF AFES“T mwfﬁm ?'F ﬂﬂfﬁ#ﬂ-’ﬂ

Thi: nperand, mlorminstraction hits D=7, s mnvod to khe destination

et npacified by microicstruckion b-ts B--1.

With the MOYE IMMEDIATE, the destination refarewnss iu normally
limited te the BRG, MEM, and the MLE. The other unoesible destlnation
rezfarences ars agscable, howevwer, thoey recuire upoecial consldaration
firg the Bame data is ueed both aws zn operasid and destinatian

aiddrass.

d.2.2.0 13 - MO¥VE [K 5035 (I BUE)

f#fﬁfé’;’rf:?ﬂﬁ?éf#ﬂffﬂ?
I LI L

o o MFF LGEST fﬂﬁﬁ?ﬁﬁﬁj ﬂ&?ﬁﬂ?ﬁﬁﬁﬁ

The opgration code speocifies the I BUES as the sonroe uperand.
Lownwer, hacauae the TRUS is a block of sixtesr. 24-bif words

addirtional address information must be provided oy the IMNEBDT

J=132



ADDRESS portion ol khe micreinstruction (bits €-7), In cocea
where the ZSESTIKATION TIFID gpecifies data blocks, t.e., OUT RUS,
COT* ROZ oxr thne Euratcs Pad memory, mioroinstrustion bits 0-1
epeclfy the byte positzlon within the k5lock as the degtinalbicn.,
In additivns the cperand can alee be clocked into the MAR whon

&a dindicates by -ie MAS PUNITION FIELDL, microinstrnetion woerd Liks

1% apd 12.

4.2.2.6 T T MOYE LN 33+ (T Rus®)
4

IS4 IE H 03 8 T b 5 4 3 2 ) o0
TR, L ,.»—”}"" DEST | INPUT ADRS \oUTPUTALRS
. - -1 1 1 ] I ] i 1

I S—

Tnie micreinskructisn is similar to the MOVE T BUS micreoinstruaclion
with tane excoavtion thas Lhe MOVE 1 BUS* adirgss=es the ¥ I @OR

block ofF woriis.

.2, 2.7 EE - MIYWE Mpomory (MEH)

IS LT 2 N IO 9 8 7T 6 £ 4 F 2 5 O
T 1 T T T | T T -T |
O [ O|MFF | DEST  |ALuroncrion .::Jm:ww: ALKS

The MGVE MEX microinstruckion performs either an arithmetis or
logical wvperaticn oo btwe desiqnated operands and desasits the
reeult operand into che speeified destination address. Ono o
the twn operards iz lrum MEM while the second 1a [rem +the Scra-el

Fad memory. The specific location within the SCERTCH FAD memory




iz defined Ly the microlnstrucelon OUTEIT ALDRESS field tbita

o-3:,

'he result operand 1s moved t& the deatination as specified by

the DEETINATICON fleld, micreinstructlion bits B0,

Waen the Scratch Pad memory or MEM ie dezignates ag thag deatinatiorn,

chen the respactive =oures operand is destroved by delivery of the

PFeasult cperand,

4,2.2.5 3E - MOVE BRAWCH RESISTER {BRG!

#fﬁf}fjr’éfffﬂﬁnﬁ ?@5432#&

-JI' / x’ M’FF ,.f?f 5 T ,v‘iitfz’FEWE' ??e:?ﬂ.i” {?H}"'FU Ir'" ﬂﬂ-"ﬂ

“he cperation of the MOVE BRE microlnstruction §is gimilar to the
MOVE MEM with one exception. The two cperards of this
microinetriction are the contents of the BRG and the Sceratch Pad
memcry. If the microfnstruction spezifies edither the Sorateh
Lad memory or the BRG az the degtination, than *he respactive
fcurce pperand is destroyed by the delivery of eam resultant

uperand.

e e

d.2.13 CREOM, MAR, ER., PC and BRANCH WDY%
Tho basic microprogram storsd in the CRCM is addrecspd By a Een

kit Program Counter (PC). Ser Pigure d-5. The po operatas in
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twos modes, It zan be elther incrememted or parallel losded from

the BALT. Tho BRANCH MDY output delermipoes which Funotion cocurs,

B low condltion on the BERANCH MUY output causss the PC to load
i.e., branch. The PC is alwavs altered on the tralling edge of
Tiddu. Eight bits of the braceh address come from ke BALYU while
Lthe high order two hits come directly From tae microinstruct ios
wnrd ibhite 12 apd 11).

CROM bits 8-10 determine which one wf rcight iaguts iz selected
ay the BRLAWNCH MOX, The truth takle in Figure 4-5 Lists the
solaction codes controlling the MOUX. Huto in Tigure 4-3 rthae
REANCH MUOX 13 disabled when executing any MOVE microimstruction.

Zonversely 1t would be enabled for all SRAECH micreitstructions.

Osing the BEL, the microprocessor has the abkolity te shifeE a
ayte of data one hit positien o the righi, wach time the
Aprropriate microinatruckion is exeruted. Oats iz rotated to
the right with BALT 0 ic the loop. BARALI § gates kp BRG? while
BRGO passes through the ALU and 12 sabsoquentiy clocked into

GhLIa,

Contzel of the BRG is datermined by the two inpots 32 and ST.

With these two control signals, the ARG 2an lasd data, shift data,

or recirculate data.

d—-16
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geg the troth takla in Figqure d4-8. While S0 and SI detarmins
what function =o carform, the clook =2ignal, CLOCY. MAR, BR L,
determines when ta do it. This BRE olock always ooccuk¥s or kho

trailing edgoe of 1240 when executing s MOV microinstruckion.

Main memary (MEM) with 2%% locations is addressed by the eight
bit Memory Rddress Rogister (MAR} . Like the PO, the MAR can be
rarallel loaded Feam the BALU ocutputs oF iocrementod on the
trailing edge ol the cleck eignal CLOCK XAR, BRG L. Clocking
always occurs on thr trailing edge af T2z40 during execuctioen of a
MOWE microinstruction, Two bite of the JESTINATICN ROM (DRI
microword dotermine the functlon to perform on the MAR (MLE 0 T

arpd MAR THS EM L) .

fis previously dis-ussed, the OROM microword contrals the MAR and
the BEG. 1t also hes four additional bite o contrel writine
inte MEM, Ec¢ratch P'ad meamcry, Scratch Pad memory addresas rseginzor,
and the *00T BUS., HMicroinsiruction bits E-12 form the DRONM
address which in zhe MOVE micralpstruction represents the
DESTINATION [ir:]lé and MARE FUNCTION FIELD. The DROM is

fhown in Figure 4-7 and the DROM map is shown in sheet D20 al the
st

4,.2.4 Haln Mrmao«y (MEH]

Eight integraAcnd circuit chipe comprise the 256 locatiocn maie
memery.  Bach chip steoeres one hit of an elghti-bit hyte. Stored
in the memory Are items such as message headers and commonly ussd

Frotocol measages,

print
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See prinl set shect D2g for DROM Map.

Figure 4-7
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Memory addressing is accomplished using the MAR, while write
data is gated directly from the BALT cutunts, Write btiming is
egbtralled through the function WRITE MEM L, ariginating at the
SHUOM. The memory contents can be sourced with “he MOVE
microinstructions and two of the three BRANCT microinstructlans.
Uperakiocn aode EE can only read MEM contenks.

The MEM output feeds the DMUX inpuot and iz selected with & code
ol 2” Ear & MOVE or Ea for a BREAMWNOY, The DMOY¥ =vlects the MEM

ouLlput during esxecution of Ehe HOVE HMEM or SRAHSIT MEM

nmlersinstrucktion.

4,24 CEOM and the Malntenanos REG

The CHROM ie the heart of the microprocessar sy:tam through whirch
complete gyatem control is exercised. Stored wilhin the CROM

ia Lhe unlygue microprogram necessary for execuatissa of the TIRCHP
protacoel, This stered microprogram ytilizes the Lwa poworful
microinstructions discuseed at the beginning =f Lais chapter,

A kokal af 1924 memory storage lovaticons are swrailable for bhe
microprogeam, through the use of eight inkegrorced givcuit chips.
Each chip stores four kits of the microisnstructizan i 512 storage

locaticaa . ddressing i= with the ten bit Proaram Counter.

Microinstructlons road from the CEUM becoamse the adirecss for a

serond level microwoerd contained wiaithin three sdditicral ROMs.



In addition, cercain microinstruction bits directly contral

gating and timing operations throughout the microprocesgor.

Each BOM chip has a chip enable input [(piln 13)] which must he
ahdéarted low in order to enable khe chiyp . Becanse thesa chins
are Lri-state devices, a disabled chip presenta & high impocanceo
[Z] output allowing the wiring of oukpuba, thus expandinag kotal
memory capacthy, ITn the microprocessnr, two memorxy chips {(each
staring 512 Lowr Lik words) have their cutputs wired tegether
Eaortming & memory of 1074 locations. The appropriaste chip is

Zelectad wlsh P29,

&4 maintenance leatoers of bBRe microprocessor allows the POP-11
gcftware ta a3lmulate the CJROM gutpats through the u=se of the
Maintenanes Register, Thr aytput of the Mairtenance Register is
Wwlee ORed with —he CR0M cutpuc. WwWith the CROM disabkled and the
Maintenance Register enabled, Lhe contents of the register tecoms
the system microinetruckion. The registor is loaded from the
THIBOSE data receivera when ESeleck & (SEL B) of the O5HE is load=d
Eram the PHP-11, Howevwer, the maintensnce rogister is not gated

oA uhless RCH T in HEEL * is asserted, A0M I alsa deselect: the

CROM (high Z cutputs=],

1.2.6 LMY ard SROM
The NMOX % ap =igibt bicr wide, eighl to coe multiploxer, whosoe

vutput fecds the B input cf the brithmetic Logic Unit {ATO],




———— e - . § o ————— —— "

Input selection is controlled by three bits originating at the

SCURCE ROWM (SROAM) . The DMUX and associated truth table ar¥e ghown

in Flgure 4-B,

“he SHOM ie a thirty-twon location ROM containing an wight birt
microward. The SEOM is shown in Filgure 4-9% and the SROM map is
shawn in sheet D20 of the print set. The 3RCM is addreseed directly
ay the CEOM {bite 13=15, 4 and 7). Haote thrre of theze bitg ars

the mipreoinpatructicn cperatlion code.

Lo ET LU and As=sgciated Logle
With the Arithmetir Logic Unit [(BLO), the MiTlooyrofed@goly cAan
e@xécute ten arithmetic and eslx legical operatinoce or any data

presentad to it§s A and 6 inputs. Sae Flmgre 3-10.

The ALU i=s built arcund twe 745181 lstegrated cireait chipe eazh
accommedating fouy bits or one-half hyte. Four functional Inputse
feed the ALU while three others output from i+, Two of the inputs
are elight bit operands. A& Ehird lnput, carry in, iz a carey
functipn which can be inserted under control ~F tho microproccoexaar,
The fourth and fimal input iz a five bLit Tupctisr bus gafining

Lhe type of operation to perform on the Lwo operands agd CAFXry in.
This aperation is defined by the FINSTION ROM (FREOM) micrawsrd.

The FREOM 18 3hown in Figure 4-11 and the FROM map ia shown in sEheet

il of the print serc.
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See print set Shoel D2 for FROM Map.

Tlgure 4-11 Configuraricon of PROM
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The reault of any leglensl or arithmetis dyeratick appears
asynchronously ab the ALD's antput data boe asé on the leadlng
adge of TZ240 1=z =lrcked into the BOFFERED ALY REGISTEER [(BA A1),
Another gutpus Z Lhecomes a&sserted whop the ALY cutput Lls all 1=
The third and fizal ourput is the carry bit., Both £he carry bit
and the & = B output are plocked itptao Btorage flops, wunder control

af the FRCOM migraward.

ITn*¥ertion of & carry occures under one of two corditionas Adelf inced
by the FROM. A narry ineert can be forcad wirh FORCE C H or

insertad as a functick of the O flip-flop with ENRBLE C H,

4.2.H Scratch Pad Memory

The anly wWay ko preazent an aoperand to the ALD A input i2 tarcaogh
the Ecratch Pad memcry. The Scratch Pad remory contalhs sixkteen
lacations, all addreaeable by CROM hits 0-%, Two type 3701
integrated circuits chips, sach Etoring oche-half byte, ponprise

the complete memcew.

Addressing is cortralled oy a 74157 multiplexer, supplylng one

of two pozsable inputs as a four bit addreas to the 2 PLO MEMeLy.
Sekection is by I WREITE OUT H, which wher assertad gelects a
hardwired ingut addresse oF 21l zZeroes. The defayult input 1is=

CEOM Lits 0-=-3. Thia signal i5 a bit in the DPOM migroword.




The CEIM also controle wrlting into the SCRATCH PRD memory.

T:mta 1s written from the BALHD output.

A_2.9 Multiport HAM

The MULTIPORT RAM is an eight word random mcccss memory having
the capability of being simultaneounaly acoesnced from two Sources.
bach word 1= zixtesen bits in length. & Lkotal of faur chips
comgeriee the multiport ram with eaca chin scontaiaing ciaght

four bit wide storago lacations. A& Tubnclbickal descripkion of the

chips followa. Refer to Flygure 4-12.

Two independent read outputs are available, one refarsnced as
Ehe B PORT (pins &, %, 10, and 11} and asobtbksr as the B BORT
ipins 13, 14, 15, and 168}. Note s2ach read ho3s is four data bits

wide.

Associated with esach read port is an address input. valid data

appears at the A port autput fur the location addresszed by the

A2 port address ilnput (pics &, 5, amnid 45, b snigque feature of this

memory i8 that slmultanecesly anothar location can be addressed
by predenting this second address to the B part address input
[pine 12, 19, and 201, The contents apoear at the B port output.

The read enabkle lnput {piln 7 for & and adin ‘7 for B, muat be

azsaerted low i order to rPemad data from rmitheor nart.

'
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Rlthough data can be read from both ports, it can be writtap A
oaly thrawgh one port, Ehe A FORT, This iz done by prasenting

the desired addrese to the A PCRT ADDRESRE THPUT while simultapanusly
presenting data tgo the A PORT WEITE DATH INDOT (pina 3, 2, 22, and

21). The necessary timing la supplied throuch pina 1 anda 23.

The MIILTIFORT RAM address asaignments ore skown im Figure 4-33,

Aote the memory ie divided into twe blacks, ona black of fogr

words azsocilated with the OUTAIBUS and the wthar with OUT*/IBOE. :
Stocred 13 the memory as OUT/IBUS addresses ate hoth data and

addrezdes of fthe data for HPA tranasfers wizk the POP-11 memory.

Theee MULTIFORT RAM memcory locatione are applicseahle during NPR

cyclea. Rdditlonally, tha OUT*2/1BUS* addrasces shown are the

Unibus CERE a% addressed from either the mwcroproceascr or the !

Dnibux,

The block diagram 1n Flgure 4-14 illustrates the relative pogition

of the MOLTIPORT RAM within the milrceaprocessor erehiktpotora.

o
Showr are the three ouvitput loads, the Ews daea inpet sesurcos
and thne addregsing schemes.
The & PORT output data bus feeds both the OWIENE address bus
Aravers and the DMUX. However, beczauge the DMOX 1s asnly aight
nits wide and the RAM ocutput ig =gistesn bit:, the RAM putput is
fod to the TMUX on two separate inpute.
—
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- Wwhen the microprocessnrT mxecutes WPE Ccycles, ke bus addresns will
pe Fetched from tae RAM through the B OFORT and clocked Lnios the
bus drivers ky WFR MEITRER. The two EARM looationg whero ths bus
address is s=ored i defined by the B PORT adaress multiplexar
with WP BEAD CYOLE fow. This reeults in addresslng either

location two or thres, d dotermined by OUT HEPER.

fhe remaining input tn the B port address multipleoxer becoma:s

o Aactlve daring a nparticular MOVE mierFoinstruetlan (2011 and in
turn gates the sddrossed data sikher to the high hyte or to the
Tow bwte Alopub pn the DMNUHS Bive 5, &, and 15 determine the RAM
address. HLr 15 Antermianss which group 1z Lo ke adoressed, Lke
1BUS ar *IBO:. o locatiecn within the gelected croun is addrassil

' by bits 5 and 6. The aprrepriate bByte 1=z gelected by theo DHUA.

With theo A PORT, hoth resdiny and writing muet ba pmonaiderood.
The & PORT cutpat a2 fards a 2:1 multiplaxer which feeds the
TWLIBUSE data kus Ar-ivars. tmta is written into the EAM throuygn
snother :1 mulecinloxer which selects either the U¥MIBWDS dats

receivers or The 700 outwut as che data w0 be written.

Thare are Lires ccndltisas under which data is written inte t.ha
MULTIBORT RRM: (11 ab outpus WPR cyolo, {23 loading a ©S®R Ly the
FDP-11, and 43} writlng by <he microprncessor. ME WRITE CYILE

lgs agsgerted when thne Microprocesscr @Xecutes 4 Wrlbe oyole.

This condilion then gelects the ALD ouwhkput To he writtern ifnka the

d4-33



Rhd az illustrated in Filgure 4=14. On the cthe* ha=d the THRIBOS
data raceivers are selected as the BAM input data for both KPR

cycles apd €S loadirg,

4 full woré or one Lbyte at a time -apg be written into the
MULTIFORT RAM. Thiz is pontrolled by HBWL avd LEWL. Whan
writing the AL0 ockput, the eight blt hvyte can be written into
eitther the high or lew byte pesltion, Bit zera of che
microdnstrucstion [(CROMI) determins=s the byt Davition. During
HPP cy¥oeles full words are always written inte the RBM. Wheg
writicg into & 0S8R, the POP-11 instructlor de—ermines the write

contrel condltion with Cf and Ao,

The & FUORT addressing i3 detepmined throoch “wo levels of

maltiplexing a% shown Iin Flgure ¢4-14. COROW 2i=s5 7 &nd 2 determine
adireseing with the firat multiplexer when t-c ricroprocesssr
wrizes into the RAM. The aecond input bto bl multiplexer 15 an
cutpat of another multiplexer uander conctral o= HPH MASTER. During

the executicn of HNPE cyclea, one of two fisel Tpeoations (location
7 2r 1] iz always addreseed. Which leorcatiorn 15 addressed 1z oa
fanction of deslred data transfer direction. S5% addressing i
determined by tho UNIBUS address bita BO1 and ADZ, and always

reference the bkigh four RAM addresses.

GL,3 .10 Mainterance CEE [(BHSEL 1)

A oumber of madiptenance features are available for the DMC=11



through the uee of the MAIKTENAKCE CTER. The MAINTEMANTE CSR
addrees iz VexXxl and can be referspeed via 3 word or hyte
tranafar. With this feature, the FDF-11 diagunostic program can
read the contents of ehe CROM, write into the MAIHNTENANCE
INSTRUCTION RIGISTEPR thereby gubstituting the CROM micraword,
gtep elther or bot: che microprocessor and the lipe unit, ard

loop transnitted dat:z tarcugh thke lige urcit back to the

micropracesser for veriflcatian,

The MATNTENWANCE C55 oyke format is illustrated atave witk —he
logle $hown on drawing 217, Piwe of the bilts are stored in tae
ﬂicrpprnceasnr each time the MAINTENANCE CSR ipestractichn is
executed. DOY-D!2 are stored In a 74174 while D?5 1= sepred in
@ 74574 on the leadire rdge of LD B3EL UL provided the BYTE
SEL 01 LOCE COT Bwilblch i: cff. This swlkah must be off to enable
all diacnestis fea=-uras. Anzther switch, RON INHIRIT, when oo
bPrevents the FUN flop from setting. Obviouaslw, khia switch

fugt be off to enzble the mirroprocessor to enter RON mode. Ths
Lwe Femainicg bits 214 asd TdE pulse the microprocessor at

lnat¥uction sxecut lor.




4.2.10.1 S5tap LT H

‘"his sigmal, a funekion of bit t2, fuedn directlv to the line
anit interface controalling the stepping of the linme uepit. When
set, it clocks the line uwrlt transmitter and wherm it i sleaved

it elocks the line arit receiver.

4.2.10.2 iU Loap H

This sigmnial, a function of bit 137, Eeeds Alrectly ta thne lipe

anit enakling the loophack feature. Wit this Feature, the
diagnuastic program cam tracamit known dalkas wklash the line wpit

wheen sernds back to the microprocessor as recelved data, The
program then performs a comparison on kranamiz-id data and raceived

dala to determine if any erroars2 had accurrad,

q_2.10.3 CROM CLOT H

Urdar sontrwl of kit 10, the diagrostic procram 2an read the
cockents &f the CRAOM in ordar to determine the walidity of machine
cyeling, The functions CHOM OUT H and ARH Eeleckt the CROM
micraward theasngh a mu]tlp]u:u:t:‘ then dAriwr: the UNTEUES data

line:s.,

WHhat this meace 13 that a second lhnslr¥rustian, 2 DATI wlkh an
address of Hxxxxdu must be execunted following the MBINTEMAMTE CER
inetruckion which =er CROM 00T H. This enakles kne multiplexer
an print D11 to seléest the CROM mlcroword and Fesd L& ko the

NETHDE data lline=.



4,.2.11 Microprooenssor Clock

The baslec ¢longk ronsists of 3ix JF Flip-flops interconnected

as a shift reyglis<er jgeperating aix diszcrote time intervslas. Each
time lnterval is asserted for a period of 60 neec. However, duae
to unigque clocking, four time intervals overlap resclring in an
everall clocsk perind of %00 nsec instead of the expected 3E0 nsen:.
PFiqure 4=15 dllestreses the oleck seguencing., ¥Note the overlap

of T4d with T&d Aand 4240 with T210. Those olock signale are
distributed shroughout the mizroprasessoer to clock registera oud

pravide systom timine,

A 33,23F Mhz oecillatbksr ganersteos the timing used +to clnck the
shift rpgister, Bowsver, bofarn Feing applied o the vlock inputs
auf the shitt regisler, th: pscillator Sutput (CE} first Tasses
throvegh a coptrel Ilap (WAIT 3YHC) and a divide-hy-twe flap
(3YETEM OLOCK), Ses drawiey T14 in the print set. The cantral
flop WAIT SYHI s-ops the clock when the multizport HaM iz heing
aoces8ed and allaows the 2lack Lo continye anly when the moltlzort
EaM becocmas awvailahbla, this cleck kol stete is ip efFecel wich
WATT SY¥YHCT in Lbhe resint state, But wilith WATY SYHS zet, SYSTEHM
CLOCK toggles wlsh each 431 to Low tracsikion on its clock iepuc.
Both outputs oF SYREIEY CLOCHE (9 and EJ are used ae shift regluter

clocka.

Befer ko drawing 14 for bthe fullowing logic analyeis. Hote the

Flip-flops T0 through T2d0 are wired as a right shiftine shift
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Yegqister with T240 "3 output dropping off inko the Bit bBucket.
TO0's JE 1lnputs are wired to toggle TO when the four flip-flap:s
Ted, T2d, T130, a-d TIIN arg pll reset and RUM SYHND iz ge=_. Hota
the shift registrr does not wuse the game cloack ponrce For all
positions. TH0D, T1%0, and 1217 are clocked by the "2" autput of
E¥YS5TEM CLOCK, while 70, T&3, and T24C are clocked by EYSTEM
CLOCK"'s @ ouatput. The efacementioned overlap of time intervals

ie generated hy usine thase two clocks 1E:|IEI oulk oF oshases,

Given the initla’ crnnditicens of RUW S¥NC and WRAIT S¥YNT kath set,
and the =s&hifi reqgister all zerces, results in a Hi condition =n
both the J and K iepats to TD plaging TO in the toggle mode.

The nexc time SYETEM CLCCE nets, Td will set. This point ik time
ls raferenced as “"time o7, See Fignrgo J4-16. With TO0 =&k, Lhe

get input te TH0 is qualified while zimultanecusly the toggle

lnput %o TN remaincs assertec. Therefare, on the next SYSTEM DLOCE
accurring 60 neer lazer, TGN sgts and TC xesskg. From thisx
point, the clock Funstions as a shift regiseer. Whap the hixz

reaches T240, a new blt is regenerated at the inpukts o TO,

The microprocesscr cycling can be halted oy stapping tha SYSTEM

CLOCKX. Thia 1s doarna by resetting the EUW Flap, When tne =CN

flop 12 reset, KON SY¥YKU allows the elock shift register te comploce

the current clock cycole and =top with the shift register cleared.

In ETEF MCDE, each STEF MC L pulse aetzs RUN SYRC allowing oue

complete ciock cwole (TR - T249) £o ocour.

=35
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4,.2.12 Acddregs Saelecticsn Loglio

Lrawing 016 1llgstrutas +he logic ueed to recegonizse a DMO-11
microprocessor adfress,  The J¥ Flop OS5YN sets upowr addreasg
recagkltion. Tas assigqred address is configured with tTex
2witches, =2ach swllion assacviated Wwith a walgue address hit.,
Laddraesg bika A2 through &A1Y ars avalilable Sor configuratian,
allewing an addressing ranye af EFour word: within the NOMC-11

miCIQPIGCEEﬁﬂr.

The logic comparas the switch code with Lhe reapective address
bita ueing *two zomparalor chipe whose cutputs are wire POR™
conbected. Whet Lhe inguats are egual hit for hit, the comaarator
dutpats ga kigh, The *z2mainipg hi-order address bles, R13-217,
21l of which must Lo trae are BNDed with HMEYH o prodnocs a2 st
vonditiaon oo the inputs to O85¥N. On the next clack (CE)Y oO38YH
sets, ROSEYYW is asserted 133 nsec later, acknowledging bus

mastex .

4 _2.13 MFRE Zonttol Logi:z

Initiation of an KPR cwele is under complete gontrol of the
microprogran. oo funitlaknr &n WPR syele, a SOVE microinmstruction
referencing the JUTYBUS L2 exacuted spacifying & unique outpat
address of 1&8. 'hiszg microinstrucelon alang with BALITD(T] sets
HFR HO. gnce MU'E R s=La, bLhe loglc ther excoutes the HRR cvnin

asynechronoasly willh rezpeck ko the micToarogram.




Filgure 4-17 illustrates the timirg E@quenco for an output NBR
vyole. The reguiremente for execotion ace: 17 a UNIBUS addressa,
(2} data vated to che UNIBLS, (3] a CATO defined via Cd and o1,

And (4] assertion of maztar ayne (MEYNCD Crawing 015 pontalns the
ralevant logic. The addressed upnit (slave! then recodrnizes ik=
dddress and interprets ehe contral lines. After gating khe data
from the data bus, the alave acknowlaodgea reacoipt of the data by

das558rting slave gypng (55YH].

Pefar to Flgure 4-17 and drawing L15 For the Following discussion.
First, the standard handshake for hus control takes place. The
timing hegins with the assertion of HER BEQ 71! which 1n turn
ceneratss the bug signal DATRE BUS NPR L. The central ProCEagny
then regponds with DATA BUS MPGE IH H, provided =@o other deavieg
Was already gueued wp for hus mastershin, In such a ailkuaticn,
the microprocessor simply atsalls untll its prioeity is the

highest of all regusasters. When BUS NEG IN H duas arrive at the
microprocessor, 1t roseta BUS HNPx L Lellowing a delay of 70 ns.

In addition, further propagation of the gract signal to cther -
roevices 18 prevented by the migroprocessnr,  The grant gignal

alsc 3ets selecticn acknowledge [EACK) , scrknovwledaing te the

certral procesaor the reception of the agrant gignal. AF thRis

peiet, the mloroprocesser becomes the mext hus mastcer as moan i 5

tha current mastexr relinguishes cpontrol. The microprooesEOE

npnitors busy to determine when te& take control.
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“he actual HPE cycle or data transfer takes ulnce during the time
“he microprocessor is hus master. Cnoe the zrevious bus master
relinquiahea the hus and provided the microprocessor is queued
up to be next [2ACE[1) Hl, the micruarocesacr “hen takes control

Ev aaserting BOS BRASY L. Stmultanenusly, S2CK 12 resot and NPR

YEEUER is Bet. The KPR cycle now begins.,

Thre wsfdress 15 gated to the DRIBDS with WPE MASTER as woll as
CO amid C1. Data, on the other hand, is Jatzd ta the data boas
uncr contrael of LBTA - = BUS L. These Eares monditions occur
zimultaneounsly durlng sn OUTPUT HI'E cyvcle. r the leading sdge
of HUK MAETER, & A50 nsec delay is triugered, 4t the coaclusion

of which BUS MEYW is asserted.

INFOT HFER cy<ele timing is illustrated inm Figure 4-15% and Far the
mest part is similar to the OUTRUT MPR oycle. In khls vcase the
Microprocessor walts for the addressed slave Lo reapond with
data and EUS EEYW. The microprocosssr then _scads “he date into
the multiport RAM a=sd acknowledges receipt by dropplng BUS MEYH

termicating kthe NPR ocynle,

4,2.14 Interrupt Conkrol Log ko
I'na execution of an interrupt eycle is sascnmplisned throagh a
two-phase opearaticn. First, bus mastership maust be gained and

then the actual INTEREUFPT cyeole exacuntion.

—
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Figure 4-19 1llypgtrates the timing segucnce far execution of J

_—y
An LATERRUFT eycle. The entire process is initiated with the
sasvrtion of BR R), A MOVE microinstrystiaon TAving an output
addrese of DEE’ witn kit sewven af the aaerand ogual to a one,
seta BR RO,
With both BA MASTER and SACK akil] res=t, ti=e wondition is
satisfied to generats BUS @R . Bre Ba L freds the Prioriky
Card which in turn generates the appronriate hus reguest signal S

wo the central pracessor. The irnterrupt lagic then s=tall=s,

awaiting the bue grant signal frem the FOP-71 Frocegsor. Whap

bus grant arrives (BUS B BG INH), 1t sete SACK and tesats BUE BR L.

it this naint, the micraprocessor Lecomes “he next bus maztar and

ag93in dtalle until the eurrent bus master relinguishes bus controsl, —
Wnen this happens, BR MASTEE (1) H sets Wkich begirs the INTERRUET
cycla.  BUS INTR L iz asgerted while glmsiltanecosly the

Bioroprocessor loglc places the interrupt vestor acdross ortn

the data bug. The aperatics is cancluded wWher the central processor

acknowledges recelpt of the interrupt wich BOS S3YH.

4,2.158 ILine Unit Interface

Tntarconnection between the micropracessor and the 1ine unit ias
dzne wia the LINE UNIT intexfacae. The interfarce cable carsieas 33
siqral lines between the two uynits, oF wkiech elght originats in

the LINE UNIT and tho remainina 25 ik +he microprocesaoy .,
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c.Zi.160.01 LD IBUS 0 M - LI IBUE 7 H
These eight lines are the Line unit input bus. This bus originates
in the line unit apnd dolivers data to Lhe microprozessor from the

register addresgsed by the microword {CRIM 0 - CWom 290,

4. % +h,2 BALUDUOL - BALUTL
These eighe lines are the microprocessor output bus. The data
does to bthe buffered ALD register £hen —o the interface an ta the

lie unit.

4.2.15.3 IBK LSIBR*H
Thiz signal acknowledges o the line vnit receipt of data, and

is wssorted during T240.

d.2.13.4 BT=410

H240 is upad to synchronize ke Line yrit with che microprocessor.

a_.3.%5.4 oW L
This slgpnal is the output data strobe., Thae Lline u-nit uses this
sigpnal to cleock or etrobe the cubkput riatw ipsn on internmal

regqliater.,

4.2.15,35 QuT = L
This signal when asserted low incdicates ko 2bie line unit to direcc

the gutput data to the *TOUT BUS instead of +ac OUT HUS,



4.2 15, & CPROM 0 L - CROM 7 L
Theze CROM bits are the inputfoutput addreas usad bv the lina urit
Bo address interndal roygisters. The nutpul registors are addressed

by CROM 0-7% apd ke .nput registers with Sitz CROM 4-7,

4.2.15.7 Clear
Tiis signal 2nilk:alizes the line ynit placing it in a reset

state,

4.2.145_H LU Lacrp

With thils diagnostic Funstion, the line unit laops data from iLs

Lranemitker to its receiwver,

4,2,15,49 Efep L

This gignal combands the line upit to advanco one CWLCLE.

d,2.76 Typizal Syzlem Timieg

Ty¥pical system himinr iz iltustrated ir Figures 4=20 and 4-321,
Flgure 4-30 shew: aprlicable slignals used in an output cyole along
wilth typizal line onit logle., Hete that the address is walid

Lrom T30 vhrougk 1300 while the data For the cycle in question 1
walid from approximalely T270 thxough the next Tzao, “he caka i

ftrobed ineto an intsrnel reooister with the low &o high transitian

af OBW L.
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Input bys timing is 1lllustrated 1n Figure 4-21.

Agein,

the

addreas is valid for tke sanme period as in the o3tput cwycle

(T30

= T300d). The line unit then plazes dats on to the icpur

bus during its T3 time, which aprroximately coincldes with

T1Ed

= T240 in the microprocessor.
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CHLPTER 3

MAINTENAMCE

LER | SCORE
Thia thapter liste reyuired test egulpment and provides & complele
description of DMV microprocesdsar prevontive and coPre:stire

waintenance prosorares,

5.2 Maintenao:: Philozopay

gagsically, DMQT1 nisrgprocsssor maintenance consists of Praveat e
and correclive ma-ntenatce prorodures, diaguestic programs, aud a
Maintenance log.  The preventive maintenance proazedurcs are
performed regulariv in ar attespt to detect any detericraticr due
to dging and any damags cauwsed Dy eXtremes in onvironments.
conditlans or imsroper handling of the module and the interconnect
cable. The norrectlve maintrorance procedures are performed o
isolate the Lailnre to the micrapracesscr module and carvrec— Lle
failure primarily throuwrh medule roplacement. O0aly under unasual
clrcumstances shaizl1d componenlt lewvel jisclaticn and componens
Yeplacement be corsidered ags & nporractive maintenance procedure.

The mainkenancc log is v2ed tn record all maintocnance activilies

For future relercnoe and analysis.

5.1 Prevenbiwe ¥Yailaotepnances
Froventive Malntrnance coasists of taeks performed at Tarioddic

intervals tu enuure proper eguipmeat operatlon and mimimum

L5
|
—_




arscheduled down-time. These tagks cennzist o) wvisual insperction,

opcrational checka ard running dlagnaostice.

The preventive maintensance zchedale depends 21 the environmental
and grerating conditierns that exist at the lnstallation %ite.
drduer normel conditlons praventive maintersanze should ba performed
every 3 motthse. HoWwswvar, relatively extrome condltions of
=emperature humidity and machanical shock may demand more fraguent

raoictenance.

Sk Test Equipment Rezulred
Maincenance procedures for che DMC11 microproceszor ropguire the

stardard test eguipment ard diagnostic bPrograms ll=+ted in Tabkle

a=1.

5.5 Correstive Malwsteéenance

The corrective maintenasnce procedures aras dezigoned to aid the
gervice technipian in determicing that the failure is in the
DMCT] micropracassar module and correcting the falljure thraough
rudvla replacement. Eessentially this involwes ruaming the
micropracessor diagnestics and chzerving any scror mEESages.
For those situaticna whare component level repalr i5 reaquired,
the kaelc microprocessor test MAINDES-11-08D0M2 lhes beaen divided

into 140y 2ubhtest te aequentially ftest cach zecbtlan of logic.



The frep-runcing test MALKLDEC=11-DZLMG should be used aftar
corrective maintenance to engure theat the microprocesgor

functions correctly using its control ROM (CROM], at full speed.

2.3.1 Diagnoszic Modes

The [KCY1 mlcroprocessor can be taetad uesing two baagic modes

duering serviclng. These ara:

1. Maintenapca Mode

2. System Tezt [fxee runnlng)
B.G5.1.1 Haictenance Made

Malintenance mode can be lnvoked using selected hita in the aprar
byte of the Tirst C3R. These cam be used to halt the misroprocessor
tclear kit 15), step the mlcroprocessor (set birt &), examine thae
turrenkt CROM location f(assert bit 10 and examine CER B), cverrida
the current CROM ireecruction with a different is=struction and
exacute that ipstruction {assert hits B and 9 and load CSE & with

the new ingtrasztion).,

NOTE
Ee surg that B SEL1 LOCK OOT {fawilkeh 9, B763
is OFF o alluow access te the =maintenance

Blts in the C5ER.

With L&ne switeoh 9N, nowewor, it iz stil]
possibie to cleay the microproceaanr by

seetting bit 14 in the firat CsSE.

S-3




[Ap}
Ln

1.2 System Test

“his mode tests the functiomality of the microprocessar running

at full speed and utilizing the cantrol ROX.

NHCTE
Be surg the RUON INHIPIT ewitch (owlech 7 ETE]
ia OFF to utllize thiz mode and for normal

operating conditione.
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Eguipment

Hultimeter
Oscilloscape
%10 Probes [Z)

Module EHxtenders

Diagnostic Tapes

Table h=1

Tast Eguipment Reguired

Manufacturer

Triplett or Simpson
exscronis
Tektronix

al=1h

DEC

.
|
1

Designatlian

Model E30-HE or 260
Type 453

PRGNS

W3Hd (Toukla)

WOHHT (Quad)

HWOTE
Tar a hex boarc us

da daubkle apd a guad.

DEDMC, DIOMG
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APPENMLIYX &
FOP=11 MEMORY ORGAHNIZATION

ABHD ADDREESSING CONYENTIOHS

Tha FOP~11 mamory is organized in 14-bit words consisting of two
8-bit bytas. Bazh byte iz addressablsa and has its own addresy
location; low bytes are even numbered and high bytes are od4d
numbered. Worde are addregped at even numbered locations cocnly
and the high (odd) byte of the word iz avtomatieslly fnecluded bo
prowvlide a 16-bhis ward, "onnecekive Words are theavefore found ie
even numhered addregies, hobyte aperation addragaes an add ar

even locptinn o melechk ap B-blit bybe.

The Onibus address word containg 1B kits ddentified =% A(17:00),
Eighteen Lits provide the capability of addrassing 236K memory
lecatlons each <f which is an B-bit byte. Thiz alsg represants
128K 168-hit words. In this discussien,; the multipler K wguals
1024 so that 256K represants 262,144 locations and 238K raprasents
131,072 lorpations. The maximum mamory size can ke used only oy &
EDF=11 proceaser with & memgry smppadgement wpit thet ctillizes all
14 address bits. Without this unit, the processeor provides 16
gaddress bits which limits the daximuw memory size to B4E (65 ,554)

bytes or 3ZK (1:,768) words,

Figure A-% ghows the croanization for the maximum memcry size of
256K bytes. In the binary aystem, 18 bilte cakr speclfy 21E GE

282,194 (256K JTooatiopns. The woatal numbgring system is wscd o




designata the address. Thie providas convenienos in converting
the address to the bhinary system that the HracoEEECTE UEES as

Shown below.

The highest BE addreas locations [(7&DOO0-T7T777) are resarved Ear
internal general registerz and peripheral devices. There le ne
Fhy=zical memory for bhess addresaes; only the numbers arae
regarved. As a result, programmable momory locations cannot be
225 igned in this area; therefare, the user has 248 bytes or 124K

woords to program,

A PUP-11 processer without the wemory managems=ct unit Frovides
16 address bits that specify z'8 or B3,516 (a4dEK) leocatione
(Figure A-2). The maximum memory siza 1=z 65,516 (G4K] bytes or
32,768 {32K) words. Logle in the processor lorees address bits
R{17:16) to 1a 1f bits A(15:%3) are all 1s whaen the processor

1s master to allow generation of addresses in The reserved arqa

with ooly 16=bit contreol.

7 IS5 (M e e & |7 4 \FE |/ |O|ADLKESS B/ T
201001 BINARY
&

/ 2CTAL

™
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Figure &-2 Memory Organizaticon for Maximum 5S5ize
19 Addrese Hits

A=4

Toing
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Bit 13 becomes a 1 Lirst at apgal 160000 which Lz deocimal 57,344
(56K]. This 13 the bheginning of the last BE hytas of the 64K
Erte memory. The procesentr converbts locakions 160000-377%77F oa
TEQQODOD-F37777 whnich relacstes these last HE bytes (4K words) -—o
the bhighesat locatlons azcessikle by the buz, These are the
l3cations that are reservod for ilntermal genersl register arnd
pe¢ripharal device addresses; therefore, the user has 57,344 (55K)

Rytes or 2E,87: (218X] worde to pragram,

Meamory capacities of 564 bytez (ZEK words) or under do not hava
the problem of intorference with the reserved area, becpusse
dasignationg less than 160070 do not keve a birary 1 4n bit n13,
Ho addresses are converted and there is oo poeelbilisy of phvsical

memory locations interfering Wwith the raserved space.

FOP-11 grmrte memories are available in 4% sr 83 ipcremgnts. The

highest location of warious alre zore memories are shown balow.

MemcIy SiZe Highest Zacatlon
X=Worda ¥-Brtas doctal)
4 4 Q17777
B 16 nz37377
12 24 as? 77
14 22 777
20 40 117777
aa 43 137777
aE hA 1533177

—— e - e s e
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Changing the Gptian Desigrationa
This manual refers toc the DHCT1=A0 Microproceseor {MA2D0-¥3 module?
that ir ueed with all verpicwe o&f the local and remaste ODMC11 Iioo

mnlts.

The DMC11=AD aption ha= hesn replaced by two optiona, Cne is DMO11-aR
{MB200-YA modulel, which is nsed only with fhe remote line unit, The
octher &5 DMCI1-AL (ME200-Y@)}, which im used enly wilth the local 1ina

unit. The line unit ocptlen desiguatione have pot bean changed.

The fopllowing table describesz the mircoprotessor and line uaitl

optitns.
Option Modale Ceszcription Praragquisite
OMCT1 1 -AR HEZ00=-YA Microprocesaocr with DODCME FOF=11
mlicrocede fo¥ remaoke
apoplizaticene (MAZ20] Line
Unit)
DMC11-AT MAZDN-¥R Micropreceseor wiih DDCME EDF-11
microcode for local
applications [(ME2202% Lina
Cn=t)
DM{T1-LA MHE2 01 Line unit with caple for oMo -AE

fer BIA interface

A




DMD 11=FR ME201 Line unit with cable for DMCll-AR

VisSDDS intarface

oMCl1l-HA ME20Z-YA Lina unit with 1M bps DMC11-AL

integral eodem

DMC1I-HD MWBZOZ=-¥YD TLine unit with S6% hes DMC1l-AL

integral modem

Frogramming Sections
Fections 3.4.2,] through 3,.4.2.15% have heen sulatantially reviged

and the corrected verzion lm attmehed:

FEeplaca page J3I-F
Retsin pages 3=-7 through 31=12 _

Eenlace pmagesd 2-14 through i-37

Fetain the rast of the rchaptar,

Ad



The port is loadod hv the FLP-13 on input tranefera and by the

Micropracnssar o0 culpue transfors.

The format and contents of the data port depend on the transfor

y

In discussing the data port mopEage formatz, it is =

type [TYFE I ar TYFE 0).

etimes moze

convenient to use word desi atione (SEL4d and ZE

-

' rather Llhan

bytae designaticns BSEL4A7),

P
Thero are four fﬁr?‘:n.

-

K
&

1. Buf;ﬁi address foharacter ount imput and output {BESCC I

I
apfdl BHASCD O

¢

E.Jf%ase input {BRSE T
I
;

. Control laput (0N i)

4. Cantrol output fCONHNL O)
B

t. BASCC T anﬁfﬁﬁfcc O Tarmat

’
The Formay¥s fer BA/CC I and BASCC © are the same (Figure

:
3i-1r., .ﬁﬁh4 contains the least silgnificant 14 bitz [0-149
4

af the T8 st buffer address. Tha two most aigeificant
pits {1k amt 1¥) of this address are contained in biks

14 ard 15 v SELE. The remalning 14 bits (0-71% af

SEELE wcantain the character counc in pozltive notatiocr nob

2'a oomplement notatlon.




The microprocessectr can stack a maximum of zeven BASCCs
each for input and ocutput. Thie number is based on the
size of the core rabhles (BASZ) 1n the FOE-11 menory

which is limired +& 256 bytaa,

For input operations, BAJOC I supplies new megsage huffers

t2 the microproacessor.

For poutput operationz, BR/CCS O returns the boffers *o the
2ZFP-11 that ware puccesafully transferres %o the

micrepracessar.

HREEE I Format

ZEL4 and kita 14 and 13 of SELE provide the first address
of a reserved bBlack of addrezses in che FDP=11 memgry
(Bigure 3-11. The hlock size 14 258 hvtes. Upch assligning
the BASE address t2e the microprocessor, kthe PFOP-11

program mu%t not medify any loestione within the assigned

bloeik .

Bit 13 of SBELé iz called RESUME. If this 2it ig ¢leared,
the microprocessar initializes “he base table and protaczol,
If set, the microprocessor resumes operstion as specified

hv the content= ot the base tabkle.

1-16









10

Bit

CHTL I Format

The CHTL I format provideg a meanz of implement ing certain

control funetions (Flgure 3-13.

SEL4d and bite 14 and 15 af SELE cont

thig format. Tha control kita a

shown below,

-~

Hami s

daefine the address ol a

{3EC ADRE) f; Btaticy in the Becondary mode urdcr
K
K thaffiflipline of ODCME,

. ll,.-"
.-'/ )

LDCME Hﬁ}HTEH&HCE Iéith this kit set, the microprocessor
£

{DDCME MATNT) . enters the DOCHP maintenance oode
. £
s K whera it rvemains until 1t iz subsa-

s ;

SECONDARY ADUREEER jé:;ae bit
o

guettly inielalizad.

EESERVYED

DECHPIﬁALP DOFLEX With thlsz bLit set, IZDJMP half diuplax

[Dqgﬁf HE ! oparation is selected. Witk shiz Bit
cleared, ODCMP full duplex ocparaTzion
is Belacted. This hit must be gsed

with kit 11.

I=1T




Bit

Bit

Hamg Leacriplian
ODOCME {RECGONDARY With this hit 3et, DIDCMP half duplex
L3CMP SEC) gecondary station opearation 1=
solected. iith this bit oleared,

LDOCME halfF dyplex primary station
oparatich is selected. HWot used for

full Auplex,

KESERVED

CHTL © Farmat

The CHTL 0 farmat provides a mensns of informing the
FOB=-11 program of error condilicns involving the DMCI1
hardware, PFOP-11 program, cchmunicaticos channel, ar

the remotke =tation.

SEL4 and bit=s 14 and 15 of S2ELE contain the address of
thia formnat, The control bikts are located in SELE asg

ghawn below [Figure 3-1].

NHame Desacelpt ion
DATE CHECE When sebk, rhis bit indizates Ehat &
tDATH CE) retrangmisslon threshold has been

excoedad .

TIME oCUT When aet, this bit indicatea that tke

mitrﬂprnﬂnﬂsnr Fas pesaived no

i-11H



Hit Mz Dezeription
1 fCont.] TLME 2UT [Zont.) response from the remote end of the

link for 21 seconda.

-

o~

2 OVERRUK (ORUMN) When set, this bt dndlcates thal a

moEfage was roeceivaed but no zuffer is

srailableg” to receive 1t
.~ ;HH
-

L

-
3 LUCHMP MAINTEWNEMCE i&én sat, this kit inddcstea that =
&
RECEIVEDR (DOCMD S megssaga in the ODCEDd paintenancs
r
&
MALNT RECL) . format hazs beensraceived and tuar the
¢«

protocnl ope)atiuvn has enkerad tha

muintenaﬁgé state.

/

x
4 LUETFDhTh Hhaﬁjset, thix hit indiecates <hat the
s
K :?tai?ed messagad iz longer than the

:;upplied biffar.

5 KESERVEI:

& DISCOWNECYL When =zet, this bit ladicates thzi ac
2ff *o on transitlon af the modiem Dates
et Ready lead has been detectod,

T NOCNE START When set, thisx bit indicates that o

RECEIVED [DRCHME DDCHE Stark tiessage was recsaivad whean
ST&RT RECL the protacol was in Lhe Running o

Maintenancer state.

I=14

P IR L L e —————— e, - _—



Bit

H

[

Hare
MON EXIETANT
MEMORY ([(HOM EX

MEN )

PROCESEOR FREOR

(PROZ ERR)

I.4.2 Input Transfers

whenewver the dats wport is oot in us=e,

Tipscription

When aet, this

Onibus address

When =zet, this

PLE-11 pProgoram

it indicatee that a

time aut has occurred,

it indicates that the

has performed a

procedural arror.

it 1= subject to being

geized by the microrprocessor for uee in an auatput transfer.

Therefore, the PLP-!1 program musk reyysst the microprocesscr tao

asglygm it
muyst also

4 recalve

the port before proeceeding with an

gpecify the type of ipput transfer

tuffer, rcentrel ionformation, =to.d

can mske appropriate prgparations.

The roOP=11

input tranafer, It
a2 transmlt buffer,

2¢ the mleropraocessor

Frogram should %et bits 0=-2 2f BHELO to indicate the

type of tranefer acd then aet bit 5 Request

tha work.

in ([ERIy to reguegk

These hitz may ke $et by 4 single instructicn. The

mlcropracessor reaponds by setting bit 7, Eeady In [(ROFI) when

the port hag hesn azzigped to the PLE-11

hean aak,

daka port

the PDP-11 program shauld loas zhe

{BSEL4-T] . Than,

1t ghoweld glear T,

proTrram. When RDY?! haag

desgired data into the

takezs the data and clearsa RDYY whicrh completes tae tranafer,

The microprocessar

[



Bit & of BSELO, Interrupt Enakble Enput (IEI), cortPols whebher
the FOFP-11 program receives an interrupe (toc Vactor XX0) when

the micropreoesacr has aet ED¥I, The microprogesoor raspands to
BRI immediately {within 10 microseconds) whes coperating at zspseds
below 1 megapbit or at ! maegabit when #ither }ﬁé Crangmittexr or

receirar ig idle. It is moat 9fficient oY the PODE=11 program

to have interr¥upts dizsakled apd simply-"scan REDY¥I gne or nore

times until the micraprosezzar Rasg et it. Wnile the BPopPw=11
~

Py
p2ked to accept an syEput
i

Agrodram 1s waiting lt mua: he p
transfer because the micropropesscr miy have pelredsthe port :c

the meahwhile. 4 g’

£ ;

/ /

The micreprecesser caphot sarvies cartaln t4pes of input trarnsfers

-~

jnmediately, For eﬁampln, the PLP-11 pr %ram Bay attemgst to gueas

-

- 1

more than 7 huffpfs for transmiaaiun.jﬁln these rases, it is
convenlent to Axé interrypts. ir tpé EL2-1% program finds BEGYI
“lear afttr_séveral gcan=s, it caq{énahle intarrupts by setting TET
with a BIS: or MOV instruction. ;fhe GMZ11 interrupts the FLOD-11
Tt Vectdr XXD) when the mic;mﬁrncessnr has set EDY¥I, The POP-11
Praqramfétts the interrugt in all cases, even if the miocroprocessor

bad already serc ROY1 at thu Time the program sets IET. The zrograc

¢an bypas=:s any acanning if TEI i= set wheer the program 2e%s ROT.
HOTE

The PLP-11 program should not begin & new

input transfer uetil the praviowuz tranefer

5-31




untll khe previous tranefer haes oewen completed,
ad lpdicvated by the mieroprocessor clezring
BEOYI. The microproceasor does thie withis 710
microsecenEs after the pragcem kas clesred

RpI. If the PDP-11 program wishes to cegin a
new transfer immediately, it should check that
RLYI has heen cleared hefare setting RCI.

This can be done by scanning ED¥I cniil it

lhias bheen cleared.

1.4.1 Cutput Tranefars

Thae micraoproceesor Ilnletiates an output tracsfer when it haz gtatus
o error informaticen to transfar to the FLP-%1 pragram ar it
wishes to return a full buffer on receptisk or asn emphty buffer

i bErapsmixsion. The microproceasar zan initiate an avkput
Lranslter at any time the data port is free; that i=, not assigned
to khe FOF-11 program for an input transfer and not 1o use for =
provious cutput tranafer Hawevwer, if the BCP-11 has initialized
The 58211 by getiting MASTER CLEAH or generatiay <he THTT signal

on the UNIBOS, the microuprocessor doea nob gesnerste any ountput

tranzler urntil it has beer indtialized by tke 'DF=11 program.

The micraprocassor loads status or arror infrrmation ints the
data ponrt (BSEL4=-T7) and sEeks bits 0-2 of R2EL? to indivate rhe

furmat and sigpnificance of fha data, Tt fhenr szeta bit 7 of BSELZ,

[}

i=A2
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Ready Ouk [RDYS) to indicate o the FOF-11 programa khat dats s
availahle. Iln response Lo RIYO setting, the I'Op=11 program should
note the type of ousput cracsfor as apecificd in bits O0-F of S5ELT
#and read the data in the data poert. When tha POP=11 progran bas
sampled all the data, it must =omplete Ehe output kransfer by
clearing RDYO. This freez tho data port for a Bubsequont

tEansaction.

s _’_,,-"
o -
If the PLP-11 program wishes, 1E cap anable intarﬁﬁpfa on ankpat
tranefers by setting hit & of ES%F&, Interrupt ﬁﬁﬁhle Jukpent (TED),
If IED is set, the 2MI1: jnterpﬁﬁts the PDP-LIfttG Vaecbkor XX4)
- .

-,
after the microprocessor has/set RO¥O, Sipbke the POP=11 prograr

K

wsually doesz not know Hh&ﬁfﬂn odtput tradisfer will oocur (Efor
example, when a meesag?fwlll e recajvedl an elficient FDP-11

program ordinarily erabIcs inter:upﬁs ot autput transfersa.

ra

I.

&

WoTE

!
.The Pop-11 prngxawf;ust regpand to ROYD heing
el by reading tfe data and clearing RIVQ.
Failure to da f%ia nrevents the data port from
heing fre&u.f:Tf the PDF-11 praogram hkas
ragquented ?ﬁ inoput Lransfar by sctting EQI,
it musl b prepared to respond to an ounlput
transfer prilor to being given RODYI. TIf the

POF~11 program fails ko reepond o RDYO, ic

never gebLs ROY¥T, The PDF-11 program should




not 2pin on EDYT ip a loow that doesn't also
test RD¥D unless intexrupts on output tranaFers
are enakled, and the loocp executos at a lower

priogrity level than the DMC-11 in+tarrupts lewvel.

3.4.5 Tpnitializatlaon

The power up seguence and UNIBUS INIT signal iritialize the DMCT1,
The POF-11 program can accomplish the same esfect by satting
MLSTER CLERER in BSEL1. Each nof these procedures reatart tha
microprocessur to the beglaning of ite micropragram. In this
state, the microprocessor does not send or rocoive messages on

the =erlal line or generate oputput transfers.

When the POP-11 program whiches the DMCi? to funzcekion, it Tust
perform an input transfer that specifies the hase address of a
128 word table in FD?-11 memcry, walch is colled the Bmse Table,
The POF-%1 program requesta the BASET transfer by setting TYPEI
T T, In response to HDYL, the program loads kne law ordar t6
Fita of the address intc SEL4 and tha high criwer Z hits of the
addresa inte bits 15 and 14 of S5ELE. If the NICHE pretocol
operation is5 to be initimliged, the RESUME L.t {bit 12 of SEL&]

must o elear.

Cnos the POT=11 has speclifled a base mddreas, the 125 word bBase
takple pelonga to the microprocegsnes until the DMCI1 18 naster

claared by IHIT or MASTER CLERR. The PDP-11 program may e£xamine



the contents of the Lasec table (Lfor axample, arfor rountera

relating to protozel <peration) bue must nob alter its contents,

By supplying a base address with the EESNME bit clear, the
mickoprocessor as condleionad to respand to the DOCME ztark-up
fequence recelved from the ramote aysztem. However, the microprace
MicroproceBE0r does not initiate the start-up sequednce on its awn
s

acgord unless the FOP=11 progrcam s#ﬁﬁiies a buffdr of data Lo be
transmitted. o E;;JJ;

.-"'x ff
If the LMoYt 12 connected 5ﬁ a half-dﬁyfix channel, che PIF-1°
grogram mist onow perform.san input trdnsfer weing the Cantrol Ln
Format and =&+ the ﬁa;f Duplex bi {HD) in SELE {kit 10y, Ln
addition, the prng;aﬁ Bt spi?{é? whethar the DMC11 is to operate

aF a half duplex sgecondary ?ﬁaticn 13 sacend timer) or a hals

duplex primarysstatioan 1 Mecond timer! oy eetting or clearing

the Seconda bit (3EC).ic SEL6 {bit 11). & half duplex lirk
must have ﬁna Frimarysstation and ope Epcondary statizno. Tae anly

differencs between;ﬂh& tws i8 in the length of time spent befarrp
reatranamitting I 1&9& of errorse. Half duplex ocperation may :e
specified at npégiime by & Cuntrol In transfer to arcosadate
ewitching to a half deplax hack uUp cammynicaticns chapnel. The
DMC-11 optiong conzaining the intagral modem must be apecifioally

strapped for half duplex osperatiovn in additisn to requiring tha

Coktrol In transfer




3.4.4 DOCHMP Start Op
Before dala messages may be transmitted or received, the DDOMEP
Start=up g2gquence muast be completed +o make c=rtain keth eanda of

the link are correctly initialized and to place the aretocol 1o

thz running atats. Either end day initiace the start segquence or
both esds may do se simaltanacusly. IL the PURE-1% program supplies
a sulfer of data ko be trapsmitted, the ‘ocal OM211 leitiates *he

start Seogquenca.

The PLP-17 program sav iqrnore the details of the =start HOqUENCE .
However, one ldportant property ol the seguence is significant.
noe the local DMC1Y has eptered the running state, e detogts
and Tlags ae an errar the fact that the nther end has inltiataed
the start seguence., A% & result, the PLP-11 progqram receives a
Control Dut trangfer with SELS bit 7 (DLIMP ZTARLT REC'D) Set. If
this happena, the PUP-11 program knaws that the ozher end of the
link nas restarted. The PFCDP=11 pragram should initialize the

NPACT1 and begik sgain.

1.4.7 Jata Traodsmission

Waen the FOP-11 program wishes to transmitc a khuffer of data, it
clears blts 1 apd 0 of BSELD to indicate 3 Buffer addreass/s
Character Count In transfer apd clears bBit 2 ol REETSD (THRISM] Eo

gpecify that khi= is a full hoffer toc be transmitted, It then

requests an input transfor Lv setking RQI. In rasponse to R3YI,



it loads EEL4 with tha lzw order 16 bite of the huffer address,
bits 13 and 14 of SELE with the high order hits of the addreas,
and hits 13 to 4 of SRLE with the 14 kit character conunt, Buffers=

[rod 1 to 16,382 bvtes long may be ussad for local op=ration. For

[+3

remote operaticn bufteors should be 1imitedd to a practical maximam

af about 512 bytoes, deperding ob the Brror rate of tHe communlcasions
-~

facilitles, Tach zaffer corrospopds to a ﬁanEFfDDCHP data
A

meSsSage. .

I.I'
Whan khe mossage has b&iffsuccassfull transmitted and an

I
acknowledgament rece%}éd, the micrgprocessar initiaotes an subput

trangfer withnh bitsff and 0 af BEEL2 clear o indicate *he Bufflsat
L

Addresaﬁ:hazautﬂf Sount Cur (EASOC d} format, Hit 2 {0OUT LAD)
’

r

is clear to jfﬁlcate that %fauﬂuﬁssfully transmitted buffer Laszs

K
been returngd to tho program.

o
Ly

The FDLRA~11 pragram myy Jueue up to seven buffere Ffour transmisaisn
K

i
plying buffe¥s te the microprocessor faster thao it returcs

4

T0D dguede dodre than seven huffers forces Laao

by =

them. A att=mp

mlcroprocessor fto delay granting the reguest £or the input transfer

unktil a buff has bean returned.

HOTE
Tha PDP-11 program should net roquest an input
transfer that supplies a txarsmit buffer if 7

are already outstanding, wunless it is certain




that the cther end of ®he link can supply
encugh buffers for reaeptjion. In barticalar,
if two POP=11"8 connected by DMC11's attempt
Lo dueue up 2 buffers, while ne receive
buffers are guewned, they become deadlocked

and muet ilnitlalizge their DMCi1's,

I.4.18 Data HAeception

when the PNP=11 program hesg an empty buffer it wishes to f£1ll

with received data, 1t clesars bits 1 and 0 <Ff HSELD Eo indicate

8 BASCC I trapmafer and sets bit I of BSELO (1IN T,/9) to apecify
that an empty buffer has been made avallable for reception. It
then requests an input transfer by setting 2RI, In response ko
A0YI, it loads SEL4 and SELE with the buffer address and character
count in the same format as for tranamiseian. The charackEer count

wust he large encugh to accomnodate the longest mezsage expected,

When & message has baen successafully r-cceived and stored in the
buffer, the microprocesser initlates an cotput tranzfer with bite
1 and 0 of BEELZ clear to indlcate the BA/CC © Format, Bit 2
(GUT L[,/ 0) 12 %et to indicate a full boffer has been roceived.
SEL4 and SELG contmins the address= of the huffer and the actual

number of pharacters recelved.

Tf a messaga is received when be receive buffer iz availlable, tha

micraprocessor informas the PDP=-11 by means of 2 Tontrol Out travefer



with bit 2 of SELB [O'RUN ERR} set, The ather ond of the link is
informed of the errocr and automatirally retrapamits the mes2aqges,

The PDP-11 program should supply a huffer as soon aa possibic,

The PLE-1% may gqueue up to seven smpty Buffers for reraptics Ly
-

supplying them to the micr&praztss?}ffaat&r thunfii reErPUYrhS
. .".

)

-~
puffers. An attempt to gqueue merd than EE:jﬂxhuffera forces the

microprocesear to delay grant{;ﬁ the requedgt for input tranefer
.-_. s
-
s
g /

until a full buffer has heepfreturnii}f

The PEP—!ﬂfﬁrngram ghiould pot regquest ap inpat

L
tzansfaffthan Bupplies a buffer For recepticn
-

TE alreaﬂ$xnutstandinq, unless it is=
i

4in that h e other gnd of the link iz

upplying buffersa for transmlission.
£
.'IF
Control Uuthra:sfers

iurqprncessni infarms the PDP-11 program o2f vhusual or errox
i

caonditions inva%ﬁing the comminicatiocns channel, remote end of

!
the link, chzf hardwaxe or FPOP=11 program by means of &b ookpot

transfer withbit 1 of BSELZ clear and bie ¢ set indicating a

Control Cut (CHIL )) tranafer. SELE contalns bits that indicate
the error coandition. Some arrors are advleory in nature and normal
opsration may continue. Ctanersa are fatal and reguira the FDP-11

Frogram to jnitialize Lhe DMOTT.,




BiL 0 {DATA C¥) indicates that a retransmissior chreshold has
Leer exceaded, [More than 7 congeucgtive retransmleslons have
accurred for transmission or reception.) Thi=z indicates a defective
communlications channel ox that the other end of 3¢ link haszs Failed
Lo 2upply a baffer for reception. The PLOIM=11 :an examine orror
ccubters In thie hase table faor more detalls of the error. This is
d non-fatal errar., Shoold the cauae of the ervor be corrected,
nermal operation sontinues with mo messagns Jlost in either
diraction. Thls error may appear repeatsdly uwntil the condition
ig corrected or until the IMO11 ie iendkislized., Tranesient errors
corrected beforo 7 retransmiesions are not reported ko kEhe PTP-11

pragram but arc counted in the base ftakla,

Bit 1 (TIME OUT) indilcates that the nicroprozessar has receaived no
response from the remote end of the link For o snecified period
(21 seconds). This indicrates a brokebh cammapications chanpnel ar a
failure at the wther and of the link (patsiblv a power failura).
Like DATA CK, this is5s & nmon-fatal error whiech ca- occoor

repeatedly.

Bit 2 (C"HUN] 1indicates that a message wats racoeived bub no LuFLar
wag available. Thiz 12 a non-Fatal error. The POP-11 progran
can prevent this gorror from recurring reveatedly by supplying s

buflfer._

Hit 3 (MHOMP MHAINT REC'D) indicartes fhat a4 mrrstaga in the DOCHE
Mzintenance format was received ard that the protcecl aoperation

has eptered the Maintenance stace.

3=30
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Bit 4 [LOST DATA) indlcates that a message was received that is
longer than the buffsr sypplied by the POE=11 pragram. This is

a fakal ercor,

Bit & (DISCOWMECY! indicates that an on 5 aoff transitiock ol the
mudam Data Set Ready lead has beon detegted {remote :EE}atinn

r dial-up iﬁgfﬁtinn, thr

POF-11 program must conslder the rs5ibility tgﬁl 4 new aaller

if £hias 1= rcqu}fﬁé by security
‘ /

s

volyy. Thiz ix o noa=Zatal wcrror.

haz cobbected to Lthe DMCI1T,

conElderatinna.

Bit 7 [LDCMEF START REC!

] ipdicates £hat a DDCMP Start meassaye

was received when thy protocol wag in the Runping or Malstanrunce

-~
. , . .
states. This LndEﬂa:Es that remote computer hae InikiaTiged
'
ite end of the ¥ink, Thie 13a Ffaral error. The ooPe]] Dragram
may initiali: the DMI1T i&’it wishes Lo start over and compl ok
&
Ehe starg- SEu e . i

£
A
:
;

i
Bit B (NOMH EX MEK) i?éicntea that & THTHUS address tima out has
i
cccuread, This ccﬁ}d have heen caused by the FDFP-11 pragram
;
specifylng an i:vfiiu basa address, buffer address, ofF count, that

3
wad atored illegally in the baae table or the FDF-11 momary is

defective, Th?s iz 4 Tatal error.

Bie % (PROC ERR) indicatnos a procedure error oh the part of the

PLUP=11 proyram, The reguested inputbt transfer cak nak bhe honm-ad

due to & programming arror, Thig errar can be causnd hy requealin
= g

i-




n HA/CT before supplying a hase address, reguesricg a base address
a second time, or specifying an Llnvalid code in RSELO bits | and

0, This= is a fatal errcr.

1.%.10 Maintenance Mezsages

& special DORCHP message format, the Mainrenance message, 1z waed
for down line lesading, reatartling, or ctherwige maintaining
satallite combuter systems. Messages in this format are subjece
te erreor checklng hut are unsegquenced, wnacknowladged, and not
retranemlitted autematicaliy by the DMO1%. Tranxmission is alwavya

hzlf dyplex.

Maintenance mesZades can only he eenmt ard received while the
microprocesacy 1= in the DDCMP maintenacce atata. The FOP=11
Frogram May cavge the MICcroprocesdcr ko enter this atate Ly a
CETL 1 transfer with bit B opf S5ELE [(DDCMP MATNT! zet. The
MicrEdprLocesEnr enters the Maintenance =2tate jF 4 maintenance
message ia recelved. In thie casge, tae Bicropraocessor performs
« CHTTL O transfer with UDCMEP MAINT REC'L set iz SELS to indicats

the state change and availability of a maintenance meaesage.

Arce in IDCMP maintenance mode, mailntrnance meseages can ke zent
and receilved similarly to data messages. oOn cransmission, tha
datse porticn of the meseage i8 taken from the ouffer with the
DHEE1T genarating the header and CRC'=E. On reseption only, the

data porticn ie plzoed in the buffer. Maxsages not in DOCME



waintenancs format or havioy inporrect CREC'=E are slmply

dizcaxdec.

The data portian of tho maintenance mesSsagoe may cortain any dats
that ie desired, hut ordinarily 1t gonforms to khe Dlgital

Maintenanece Jperation Protacol [(MCP} formate. When a host .-

-

. -
computer wishes to rostart a matellike computer syetem, It must
.-_-"
- -

-~
send the approprlate WOP meazagez as described b Lo
. o
. 4

. s
4
In order to leavo Maintemance mgﬂ&, the PLP=F¥1 program myst
r

imitdalize the DOMc11 and suppl} a hasns i;ﬂ?ess with the FIESUME

-
'

i , -
bit ¢clear, / y

, s
yd

1.4.1 Eemoke Luoad qﬁfant and Cgwn Liwae Leaad
r
Whanever the mitr“ﬁﬂéﬂﬂﬂﬁﬁr is Aunning, 1t is comstantly scannivg
the sorial line :E; a IhaMPp Tglntenance messige containing an EHNTER
MOP WODE data p&;ld. ﬁhatfﬂéppﬁﬂi whean this particular wesssgre
iag recelved ﬁépendﬁ on t?ﬁrsetting wf two sewitch packs on the
DHZ11 line Minit. ©rCepending on the setting of these switphes,
the DMC11/will eithar sommence down line loading in MOP node,
trigger the PDP-11 EE begin executing a program in a repad only
mamery [ROM} hmutsF&ap (BMAT3, M93071; eto.) or simply pass the
/
data to tha PhP—1ﬁ 48 at crdinary maintenance mezsage,. In case

a ROM bootstrap ir triggered, switches on the liae unit snacify

an B bit word offset &0 the hoctstrap addross space.




The data portion of the EMTEER MOP MODE messsqge iz 5 bytesx long.
The Tirst byte gontaina the decimal aumber 6. The remaining 4
bytes contain the same 8 bit walye., This walue ig zpecified by
4 switch pack an tha DMC11 like unit and zerwas s 3 password to
protoot against inadvertant recognition <f the ENTER MOP MGDE

mMessaga,

Il an EHTER MCP MCLE meszage 12 Pecomnized and the awibtches specify
Lo unmmence dowh line loading, the DMC11 wmlcronrocessor takes

aver the PDE-11 computer ey=stem. All perliperals an Lhe =ystem

are ipitialized by an INIT =equebce and -he procsssor la Flaced
lnte & tight leop where it remains until control is LransfFerred ta

4 program loaded down kkhe linc.

ln response te the ENTER MOP MODE messaga, the NDMC11 sends a
REQDEST MOF SECONDARY MODE messzage ln DUOCHME Wmezintonance Format
containing a data field thres bytea lang that ccotalns the decimal
numbers BE_o13,1., Thie informs the remote ond thal the EHTER MOp

MODE mes%sage WwaB recelwad,

The remate =nd should now Send a MEMORY LOAD WTrH TEAMSPER ADDRESS
meggage in DNCHMP maintenanas Format . The tirst two bytes arc zerc,
Laa next 4 bytea are an 1E bit memory address right Jjustified,

follownd by a memory image to be loaded and Four bytes af transfer

adAarngs,
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