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CHAPTER 1
INTRODUCTION

This munual provides the information necessary to install and operate the DMC1] Microprocessor.
Specifically, it covers the DMC11-AL and DMC11-AR Microprocessors, which have their ROM:
configured to operate under the discipline of the DDCMP protoeal. 1t js organized into thrae chapters
and one appendix as ollows.

Chapter | = Introduction

Chapter 2 = [nstallation

Chapter 3 =  Device Registers end Programming Information

Appendix & - PDP-1! Memory Organization and Addressing Conventions

In thiz manusl, the term [IMC11| denotes the DMCI1 Network Link, which consists of a micro-
processor moduke and u line unit module. Explicit references to these modules may or may not he
prefined by the term DMCI.

The DMC11-AR Microprocessor module is designated M3IN0-Y A; the DMC11-AL Microprocessor
module s designated M3XN0-YB.

Where the computers are located remotely and connected via common carmier facilitics, DMOC1 15 can
be configured 1o interface (o synchronous modems such as Bell modals 208 and 209

The DMCI 1 ensures reliable data transmission by implementing the DDCMP lne protocol in firm-
ware using a high-speed microprogesser, The DDCMP protocal detects errors on the channcd inter-
conneeting the svstems by waing a2 16-bit Cyclic Redundancy Check (CRC-16). Errars are carreeted,
when necessary, by aulomatic retransmissions. Sequence numbers in messagpe headers ensure that
messages Are delivered in proper arder with no emissions or duplications.

A number of advaniages are offered by the DMC11 over conventional interfaces that require u com-
Bination of hardware and soffware to implement o protocel. Programming is greatly simplified, Bxren-
sive cottmunications expertise is no longer required when programming the DMC11, PDP-11 memory
and processor Lime are not wasted with instruclions implementing the pratocol. As g ditest result,
thraughput is enhanced becuuse the DM operates at high speeds und is nol delayed when the
processor has to perforn high prionly lasks.

There ure two versions of the line unit. The MRB202 high-specd line unit is intended for local nedwork
applicalions wang coanal cables, The M8202 contains an milegral modem that oporates ai LM bps or
30K bps.

The MEZDI low-speed uoit hus na integral modem but coutains level conversion logie to interface with
EEAMCCITT W24 or CCTTT V35 compatible modems at speeds up to 19.2K bps and 36K bps,
respectively,
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The M3201 and M#202 line unils can aperate with DDCMP and Bit Stuff protocols,

Fhe line unit is not = stand-alone device. It must be used with a DMC11 Microprocessor.

A serrarate manual (EK-DMCLU-M M-D02} covers the M3XT and MS202 line unils.

The microprocessor is a general-purposs control unit that provides a full-duplex parallel dats interface
belween any POP-11 family central processor and a given DMC!1 Ling Unit. With the micro-
processor/lime unit combination, compulers can be configured in many different network applications.
Where the compulers arc |ocated at the same Facility, DMCI1s can be configured for high-speed
cperaticn (36,000 or 1,000,000 bps) over inexpensive couxial cable, The necessary modems are built-in.

Other DM (ME2000 Features inchude:

Drown-line loading of satellite compuker systems

Ability Lo inigjalize an incorrectly functioning satellite computer system by command ovet
the hnk {Remote Load Detect)

Same PDP-11 software supporting local or remote, full- or half-duplex conliguretions

Recovery from power failures at sither or both ends of u link without loss of data

16-bit NFR (IIMA) transfers.

A rypical eonfiguration w illustrated in Figure 1-1. Shown in the MO L-DA (M3200) line unit wsed
for synchranous dats communications. The MBI interface converts data from the DMCI to a
hinary serial format compatible with the Elsctronic Indusiries Association RS$-232C interface specili-
catimn, used as a standard by neerly all low-speed modam manufaciueers.
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Figure I-1 DMC1] Remaote Line Unic Iterface
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The other line unit is the M3202 with an integral modem. The overall svsterm function i identical o
that of the ME2(01, In this case, however, because of the buik-in modem, the M3202 interfeces directly
to g local coaxial cable.

This configuralion uses a single coaxial 2abke for hall-duplex eperation or two coaual cables far full-
duplex operation (Figure 1-27.
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Figure 1-2 DMC11 Local Line Unit Interface

Figure 1-2 defines, in greater detail, Lthe gemeral interface between the microprocessor and any line unit.
First, there are two B-bil parallel data buses, one i an input bus und thg other s an output bus, Two
separate buses arc uaed to sustain full-duplex operatied. I the hine tnit, the data soures js addressed
by the microprocessor wsing the Input/Cutput register address bus.

The line unit conlams eight registers, [Juring a read operation, which uses the Inpul bus, the micro-
processor wees [ur sddressing bits, The moat significant bit is held low to show that a lite unit register
is being read. The other three bits select the Ene unit register ta be read. During a write operation,
which uses the Qutput register. the microprocessor uses four different addressing hits. The most signif-
icani hit is an enahling bt and the other three bils select the line wnil register to be written into,
Simultuneous addressing on the Input and Output buses is possible.

The remaning bus, the control signal interface, delivers timing and conwrol information to the line
writ, such as clock syne and dats sirobe signals,

[ata transfers berween the DMCLI and the PDP-11 processor are in the form of the three comman

bus transactions, They are the NPR bus cycle, the interrupl sequence, vnd the reading (DA T and
writing (IDATO) of DMOI1 Confeol and Status Registers (CSR.s).
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The L.nihug CSRs are composed of cight bytes of device addresses and are acoessad by addresses
T XX through TEXXXT, These device addresses ate hencelneth refarred to a5 Byte Select (RSELY
0-7 Tor indicating individual bytes, and SEL, 0, 2, 4, 6 for indicating word transfers (SELD consists of
BSELD and BSELL, $E1.2 consists of RSELZ and BSELD, ete...). BSELQ and BSELZ are handshaking

C3Rs which interlock transfers through a comman data porc. This dara porl ik accessed throwgh
RSEL4-7 (SEL 4, &},

When the FDP-11 program wishes to transfer data to the DM 1, the program (through BSELD) sets
up o REQUEST TN {KOL} and a function describing the data ta be passed. The DMCLI responds by
selting READY IM. BSKL4-T is then loaded by the PIIP-11 program, and clears R The DMC1I
takes the data and drops RDYI, which compleies the exchange.

simnilacly, the DMCIL transfers data to the PDP- L] program by setting READY QUT (RDY ) with 1
functian after heving loaded BSE] 4=7, The PDP-|} program, after reading the required registers,
should then clear R DY (), releasing the port For Turther use.

The DMCIT-AR and DMC11-AL ure ceferenced as microprocessors throughoeut this manual, as well
a5 in olher related documentation. Thia is due to the fact that ROMs are used us cantrolling elements,
The ROMs act as compaet logic arruys thar replace s large amount of distributive logie, For example,
a 204B-hit ROM is organized as 512 words of &bils each. Combining four of these ROMs produces
512 words of [8=bils zach, Bach word in the ROM is pre-progrumnmed and is unaltcrable, When
addressed, a specific word always produces the same output.

- — =1

The infarmation swored in the ROMs at the word level can be culled microsteps. Exccuting sn uppro-
priate serigs of microsteps is catled 4 microrgutjge. It can represent a partcular instruction or function. |
The combination of microroutines (s called 3 MEErOpeOpTam.

As the microrouting is being exccuted, tie ROM outpur signals are senl e the ApProprizte circuits in
the micreprocessar to perform the instruction ar Function thet is repesented by the mictorcobing,

- ———e
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As illostrated in Figure 1-3, the DMC1] essentiully connects the Unibus we the line unit interface
through internal registers, This allows the data to be pracessed by the MICTOPIOCESSOTr 48 it PAsses
belween the two buses. The processing is dependent on the microprogram residing in the micro-
provessar. Currently, @ microprogram is available to wccommadate the DDCMP tine protocal,

The block disgram in Figure -3 very much resembies A processor, henee the 1ecm microprocessor. |t
hias 4 program courter (PCY addressing the microprogram residing in tK of ROM, Each micra-
imstruction is a |f-bit word. Certuin bits of the microinstruction then serve as address hits for three
additional ROMys, which control data Now and determine what operation perform on the aperands.

The DM and line unil consiat of 1% 0 separate modules inlerconnected by a une foor cable. Each is
erdered sepurately. Two microprocessor versions and four synchronous line Unit versions are svail-
able: lucal operation at LM bps, logal operation at 5K bps, remote operation with ElA/CCITT VM
calmpalihle madems up (o 192K bps, and remole operation with ©CTTT V3s compatible modems up
to MK bps.

Hath the DMCLL-AR and DMCLI-AL migraprocessor madules (hex SPC) inelude a 300 ny bipolar
nncroprocesser, 4 ROM implementing the DDOCM B protocol, local seratchped memory, and & Unibus
inlerfuce.

The DML |-MA Line unit module (notched hex) includes & butlt-in modem Car lgeal cperation at 1M
hps over coaxial cuble up to 6,000 feet in length.
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The DMCE-MD lime unit module (noched hex) includes a built-in modem for local operation at 56K
hps aver voasial cable up to 18,000 fest id length.

Craxiak cables are not included with either line wnit. Optional BCOIN-AD coaxial cable is available in

1K) Faat lengehs only. One is required for half-duplex operation and two are required for full-cuplex
oneration,

The two versions of the remote line wnit, DMC1I-DA and DMC11-FA, use the same module
(M3A201). Both versions contain level conversion logic that accommodates the ELA/CCITT V24 inter-

face and the CCTTT ¥3% interface. The only difference is the modem cable that is supplied to match
the specilied milerlace.

The I2MOL1-1DA s shipped with a 25 foot BOOSC cable for the ETA (CCITT V24 interface to aceom-
maodate Hell 208 or 209 synchronous modems or their equivalent.

The DMC1E-FA is shipped with 4 25 foot BOOSZ cable for the CCITT V35 interface, This synchro-
aows mlecfce is used in certain European networks and in the domestic Drigital Duta Service (DS,

1-&



CHAPTER 2
INSTALLATION

2.1 SCOPE
This chapter provides all necedsary informadon for 4 successiul instaflation and subseguent checkoul
of the DMC11 microprocessor subsystem.

L2 UNPACKIMNG AND INSPECTION

The microprocessor/line unil syatem combination arrives et the customer site in one of two ways,
either as a parl of & complete computer system ar as an add-on optipn. When it arrives a5 an gdd-on
aptian, the mictoproceszor miodule, ling unic modube, and sssacated mounting hardware and cables
arrive packaged in a single carton. Inspact the carton visually for any signs of physical damage. Tnclud-
ed im the contenes af che carvon are the following:

MA2M-Y A or ME2D-Y B Microprocessor module

MEZ01 ar MEXN? Linc L) nit module

BC085-1 cable (interconnecis micraprogessor and bne unit)
BOOSC-25 cable (ME20] ELIA /CCITT V24 interfuce anly)
BCOSZ.25 cable (MY201 CCITT Y33 interface only)

H325 test connector (M E201 only)

12-12528 coaxial cable test connoctor (M3202 only)
MAINDEC-1 [-DZ0DMC Microprowvessor Basic W /R and Up Teat
MAINDEC-L |-DZDME Line Unit DIXCMP Test
MAINDEC-11-DEDMF Line Unit Bit Stuff Test
MAINDEC-11-DZDMG Jump and Free Running Test
MAINDEC-DEC /XTI System Test

ITEP One Line Test

EK-DMCUP-MM-O0L, Mictopracessor Manual
"ER-TIYMUOLLU-MM-002, Line TTnit Manual

D&t e e b

—
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22 OPTION DESHGMATIONS
There ame twe micropracessors available, both configured to implement the DDCMP protocel only.
The DMCL1-AR is for cemote applications; the DMC11-AL is for local applications.

The various line onits and cables are listed in Table 2-1 and 2-2, respectively.




Tuble 2-1  Lim: Usit )prion Designations

Opilon Description

DO L-DA ME20] Line Unit Module wich cable for LEACCITT ¥24 interfuce
DML ]-FA RE201 Line Umit Modyle wilh eahle for CCITT V35 interface
DKT1I1-M A MEIDI-YA Line Unit Madule with (M bps inteeral modem and no cable
[P M T ME202.YB Line Unit Module with 6K bps integral modem and ne cable

Tuble 2-2  Line Unit Cables

Diption Description

BCOIN-AD 1041 fool couxial cable with connecto FH,II.ISEd with MANI2 Line Unit module
B0 2% 25 foor ELA/CCITT ¥24 cuble for use with I3MC11-134 Line Limt
BUnsy-25 23 foot CCITT VA5 cable Jor use with DM T1-FA Line Unit

2.4 MECHANICAL PACKAGING

The DM cansists of a microprocessor module (hex} and a line unil module {notehed hex), These
modutes plug into any DO I-B Rev E or later, DONC, D13, or equivalent SPC system wnit, The
micropracessor module must alwuys plug inta either slat 2 ar 3 in the 13D [-B ar D D1i-C. The ling
unit madule may be installed in any of the remaining slats, Should two IXMC [ 15 be installed in a simgle
Dir1-B, then the lime unit madule plugs inte slot | or 4.

The line unit does ot interface with the Unibus sa module edge conneclors A and B are nat requjred.
As i result. the carner of the module in the vicinity of the A und B conneclors has heen removed. This
#llaws i MAM and ME2 1o be installed in the end slats of the [M11-B, C, and D system inter-
facing units, The module plugs inte conmectars C, D, K, and F and fits over the Unibusg cable con-

nector and shorl length (approximalely 2-1/2 inches) Unibus terminutor that are mstalled i ettd slot
cunnestors & znd B

The two modules are interconnected by u Berg 40-pin connector abd a [-font BCORS- | cahle,
L3 TRE-IMSTALLATION PROCEDLURES

231 Gemwrul Information

Imstallation of Uk microprocessor/line unit combination shauld be done n theee phases. First, the
mivconTecessar is physicully installed then checked and verified with MAINDEC-[ 1-DZD M. In this
Munner Lhe microprovessor is checked a8 a stund-alone module spart from the line wnir, Mext, the ling
it moedule 5 installed and aperationally verified with MAINDEC-11-DZDME and M AINDEC-11-
IZDME, which absa provides un additional confidence factar for the microprocessor. The third and
lizal installation phase involves the eaccution of MATNDELD-] L-DRZLXMG, which verifies the oper-
ationil status of Both the microprocessar and the fing unit &5 g fres running test. A dditionally, this test
vhecks the canteats of the ROMs (microcode) and the BRANCH instructions.



A minimum af BK of memory is necessary for exacution of the MAINDEC diagnostics.

Check the power supply [0 ensure against overloading, The microprocessor/line unit tolal current
requirement for the +5 ¥ supply is approximately 8 A, Additionslky, the line unit requires + 13 ¥ Tar
Lthe silos and the level conversion logic and the integral madem.

Installation requires two adjacent hex SPC siots, one of which can be elther Lthe Unibus input or
terminator slot if the modules are 2-1,/2 inches or kess, The BMC11 microprocessor requires a full hex
stot, while the line it Mits indo any slot in the D] 1 backplane, The microprocessor can be installed in
lhe DN 1-B Rev E ar higher, DD 11-C, DD11-D, or equivalent backplanes, Such an cquivalent back-
plane s thet wsed in the PDP-1104 or PDP-11/3 compuiers.

2.%% Premstallation Checkout Procedures
Before installing the microprocessor module, the following functions must be performed.

I. Werify that jumper W1 is installed. This jumper should not be removed in the field, Lo is
remnoved anly at the factory during automated module testing ta inhibit the escillator in the
tnitroprocessor clock logic,

I, The microprocessor device address must be selected in accordance wilth Paragraph 2.7,

3. The microprocessor vecior address must be selected in accordance with Faragraph 2.3,
4. Verify that a BRS priority card is installed in position ET3,

3. Verifly that switch numbers 7 and 9 in the DIP switch package, located in position ET6, are
both OFF. [n this packuge, switches |-6 are used for the vecior Address and swilches § and
[0 are mot uwsed,

Switch 7 15 the Rum Inhibit (R 1) switch, which is connected between ground and the CLEAR. input of
the RUN fMhp-flop. Marmally, it is OFF and the RUN Mip-flap cannot be cleared directly, Under
nermal coaditions, milialization of the microprocessor directly sels the RUN flip-flop, which allows
Lthe microcede 0 be cxecuted immediately. Hecause of ap internal malfunction or executivn of
mtaliciols merecode during powers up, it is possible for the microprocessor to hang the Unibus, Naw,
it is nol possible Lo load the diagnostics to determing the Tuult. Placing the KI switch in the ON
position clears the RUN fip-flop and allows the diagnostics 1o be loaded.

Swilch @ is the Byle Sel | Lockaut (B51) switch. [t is related to the “computer in 3 closet™ application,
where all programs are down-line loaded. When set, the BS1 switch prevents a runaway program jn the
PI3P-11 progcessor from preventing a boot or down-line loading operation via the DMC1I link. This
swilch inhibits 3]l maintenance functions.

NOTE
Belore installing the microprocessor (MEZ0HD),
remore the MPR CGennf wire ihat runs hetween plns
Al asd CB1 on the backplane for the slot that Is
geing to accepl the ME200. Do not rempre tee wire
for the shot that b golng (0 accept the line wumit
{MAZNT or MA202),

The MBI Microprocessor presents one load to the Unibus and the ME20] and M5202 Line Units
present no load to the Unibus eacept for power requirements.
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The Jocal IIMCHL configuration {DMC11-AL Microprocessar and DMC1I-MA or DMCI1-MD
Licte LInit) requires bus placement nearest to the PDP-11 processor: this is due to the high rate of NPR

transactions that is required. For example, the DMOC11-MA Line Unjt (1M bira} roquites a0 average of
onge NPR swvery 8 ps,

26 INSTALLATION

Afler completing the pre-instaliation checkout procedires in Paragraph 2.5.2, proceed wilh the instal-
lation as fallows;

I, Imsert the microprooessor module in the proper backplane slot,
2. Run MAINDEC-1[-DZIMC 10 verify corrept operatian of the MICTOPEOCESEOT.

DIAGNOSTIC NOTE

IF the installation is in 2 systes usmg 3 FDP-11/04
or ather POP-11 processor tat dees not hare a
awitch register, a soltware swifch reglster is aned (o
illow the user the same switch opdons. IT = switch
Tegister is available bat contnine pll 15 { 17T7777), the
software switch register Is wsed. Refer o the sppro-
priate dlagnvatic docement for further detnils,

1. Chegk all appropriate switch settings and jumpers on the ling wnit module in accordancs
wilh the recommendations in Chapiler 2, (nstallation, of the line unit manual [EK-
DIC L LTI - L0

4. Insett the line unit module in the proper backplune slat,

3. Interconnect the ling unit and mictaprocessor using cable BCES-1 which is a 1-foot long, 40
conductor flal mylar cable with HRS female connectors on each end, The maling cannectos
on the mictoprocessor and line unit is an HA54 male connector. (0 the microprovessor, this
connectar is designated 11, On the MB201 Line Unit, it is designated J2 and on the M3202
Line Llnit it i3 J1,

& 00 the MBMNH install the BCOSC-25 cable to connectar |}, On the other end of this cable,
eonnect the H325 tost conneclor.

On the MB202, install the 12-12528 coaxial lest connector. which tiss the two coaxial pigtails
logelher. These two 3-foot cables are seldered to the ME202,

I Onthe ME202, check that the integral modem clock is within specificatons. Refer to the line
unit tmanual.

£. ©in the backplane, check that the supply voltages are within the following tolerances:

Yoltape Backplamn:
Min Mominal Max Fin
+4_75 +50 +525 Clal
-1425 — 130 1574 CIR;
+14.25 + 150 +1575 CILT

24
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11,

Eun MAINDEC-I1-DZDME and -DZDMF w0 verify correct tine unit operation,

Eun MAITNDEC-11-DZDMG to venfy cormeset line unit/microprocessor operation, This
diagtostic also tests the microcode ang BRAMNCH instructions,

Remave the test connector,
For the M3201. connect the BODSC-25 or BCOSE-25 cable to the customer-supplied modem.
CAUTION
The maximum allowable leagth Tor the BCOSC and
BCOSE cable s 50 feet.

For the M3202, connect the pigtails to the customer coaxial cables or the optional {J0-foat
BCOAN-AD cuble.

2.7 DEYILE ADDRESSES

2.7.1 Introduction

Starting with the DJI1, new communications devices are to be assigned floating addresses. The
addresses for current production devices are 10 be retained.

The word floating means that addresses ure nol ansigned abrolutely for the maximum number of cach
communications device that can be used in a system.

2.7.2 Floating Device Adizess Assignments
Floating device addresses are esaigned as follows:

1,

The fleating address space slarts al location 760010 and extends to location 764000 (octal
designations).

The devices ate assigned, in order, by type: L DHILL DOILL DU, DURL, DMOLT,
and then the nest device introduced intg production. Multiple devices of the same type must
be assigned contiguous addiesses.

The first address of 2 new (ype device must start on a module 10; baundary, if it cantains

one lo four bus-uddressable registers, The starting address of the DHI must be on a modu-
lo 20y beunduery hecaune the DHI] has cight registers.

A gap of [0, starting ¢ 2 module 10; boundary, must be left berween the lasl address of
ane type device znd the first address of the neal Lype device. A gap must be left for any
device on the list that is not used, if the device following it is used. The equivalent of a gap
should be lefl after the last device assigned to indicate that nothing Tollows.

o new type devices can be inserted ahead of 2 device on the List,

If additional deviees on the list are Lo be added 1o 2 system, they must be assigned cob-
tiguously after the original devices of the same Lype. Reassignment of other type devices
already in the system may be required to make room far the additions,

The following examples show ypical floating device assignments for comtmunicaninens
devices i a syslerm.
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Example 1: No DJ1]s, 2 DHI Ly, 2 D15, 1 GUPL, and 1 DMCH

160010 DI gap

T6020  DH1I ) first address
TOHD  DHLI #1 first address
el DML gap

160070 [ 1 40 st address
760100 1211 §] firsl uddress
TeQID D)0 gap

A DUN gap

T30 DUP M) first address
601 DUPI] pup

Ta0Es0  [DINMCI] #0 first address
T60160  Indicates no more DMC113 and no other devices following

Fxample 3: | DJI1, 1 DHIL. 2 DQ1is, 2 DLPLLs, and 2 DMC 13

TN DJITL #0 Arse address
Tolzy DIl gap

Toldd DHIL #0 Grat address
Toded  1XHIL gap

TOOFNE D)L #0 firsl address
TR0 DH)11 4] first address
T10 DIt gap

W01 DU gup

MO0 DUPI 0 fiest address
160140 DUPRII #1 Birst address
D150 LRI gap

1660 DMOTE pb first address
TR0 DM 21 first address
TO0200  Indicates na more DMC11s snd no other devices lobowing

LT3 Dueviee Address Selection

In the Moating addeess space (THODL0-764000), bits 13-17 are alwavs |5 {function of POP-11 PICESS:
oT)l. Appendin A shows Lhe PDP-11 memory srganization and addressing conventions, Bits 3-12 arnc
selected by gwitches in Lhe uddress decoding logic (Table 2-3), With the switch on (closed), the decoder
looks Tor a4t on the associaled Unibus address line. Bits 0, 1, and 2 are decoded to select 1 of R
Cpislers.

The devive aililress sefection switches are contained in one 1P switch package located in position
ETEY, Al L0 switches in the packape ure used, The correlution between switch numbers and address bil
numhcrs is shown in Table 2.3, The ON and OFF positions and the switch numbers are marked on the
puckape. The swidches are racker t¥pe and are pushed to the desired position (Figure 2-1).

.48 VECTOR ADDRESSES

28,1 Infroduction
Communications devices are assigned floating vector addresses. This eliminates the hecessity of asgign-
g wddresses absulutely for the maximum number of each device that can be used in the system,



Table 2-3 l%llilfpﬂ for Setting Switches (o Select Device Address

Switch Mo, M9

B

3

Hit Ma. 1211

10

T
9

G
H

3
i

4
G

&

P
4

1
3

MNevice
Addyess

i e

o e

x
x

MNOTES:

1.
4.

5,

LS

A

LS

A

-

TR

X means swilch off (open) W mespond to Togical | an the Unihns,
Switch numhets are pliysleal positions in switch package 1.

2T

76001 0
70020
760030
TRA040
160050
T il
B LI
TN
TEO200
TE0I00
TEA400
TEO500
TE0E00
TE0T00
761000
TEI000
T AL
764000
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Figure 2-1 Microprocessor Device and Vector Address Switchas



2.82 Floating Vector Address Assignneent
Floating vector addresses are nssigned an foliows:

I The floaling address space starts at location 300 and proceeds upward to 777, Addresses
HK-534 are ceserved.

2. The devices are assigned in order by type: DCIL KL11/DL11-A, B: DPL]: DM11-4:
DNLi;: DML I-BB; DRLI-A; DRIL-C; PA61] Reader: PAGL] Punch; DTI11; DX11; DL11-
C. D, B DI DHIL GT4); LPS1L VT2 DOIL: KWW, DU DUPLL DV,
DML

1. ITany type device is not used in a system, address assigniments move up ta fill the vacangios,

4. Ifadditional devices are to be added to the aysiem, they must be assigned contiguously ufter
the orginal devices of the rame type. Reassignment of other lvpe devices already in Lhe
wvstem may he required.

2.8 Yector Address Seleclion

Fach dtive interrupt vector requires four address |ocations (tww wards), which implies only cven-
numhbered addresses. A further constraint is that all vector addresses must end inalord, The vector
iddress is specified as a theee digil, binarv-coded, octal number using Lnibus data bits (-8, Becuusye
the vextor must end in 0 ar 4, bits 1 2ad O are not specified (they are always 0) and bit 2 determines the
least significant oetal dagit of the vector address (0 or 45, The nterrupt control logic sends cnly seven
bits (2-8) to the PDP-! | processor (o represent the vectar uddress,

The DMC 11 is shipped with o BRS priosity selection card installed in the interrupl control |ogic, This
logic genecales two vestor addresses: RI3Y 1 inefrupts generate vector addresses of the form X X1, and
REY {3 interrupts eenerate vector addresses of the form X X4, For this method of operalion, the stace
of bil 2 1s selected by the logic, not by a switch, The (wo mast significant ootel digits of the vector
address are determined by switches in lines 3-8 (Tahle 2-4), With the switch OFF {open), a [ is pener-
ated an the associated Unibus data line; with the switch QN (closed), a 1 generated om the assaziated
Unibus daty hine.

The veclor wddress selection swilches are cantained in one DIP package located in position E76 ( Fia-
wre 2.13. Only & uf the [T switches in the package are wsed for the vector uddress. The correlation
beracen swilch nurmbers and bit numbers is shown in Tuhle 2-4, The ON and OFF positivos and the
switch numbers are arked on the package. The switches ure rocker type and are pushed w the desired
position,

19 INSTALLATION CHECKLIST .
The following items represent 4 concise checklist of the important featuces of the DMC11 installation.

1.  Power Reguirements
Pl i 2000 +53VE40A

MEI0 +IVEILDA
+15V @003 A
=13V @EOIr a

MBI +3VEIDA

+HIEAVEDLIEA
=V EDLE A
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Tabk: 24 Cuide for Sotting Switches 10 Select Vectnr Address
. 1

r—_——

Switch No, 6 | 5 | 4 |3 |2 1 | veior
Bit Nu, 8 | 7 | 6 |5 [ 3 | Addes
|
X X | x x| o0
X X | x 210
X X X | 2
X X 330
X X X 340
X X 350
COX 4 360
;X 370
i X X | X ox i ox 4010
: X XX N 5tK]
i ;
i X | x x| x i}
! x x| x 70
T &
NOTES: * e

1. X means gwitch off (open) to produce 3 bogical 0 on the Unibus,

b |

Umbuos Loading, The M3200 presents one Unibus load. The MEIO] and ME202 presenl na

TImibus lowels.

special Installation Requiremenis

a.  MBEXNN Micraproesssor, Before installing, remosve the NPR {Frant continuity wire that
runs between pins CAl and CB1 an the backplane far the slot that is going to accept
the ME200. T o Syslem change reguires removal of the ME2OD, the wire must be

replaced.

b, MEIX Microprocessor with Local Line Udils {DMCLI-MA or DMCLI-MID). This
configuration must be ptaced on the Unibus closest w the PDP-1] procassor because of
the high rate of MPR transactions that gre required. It mrust also be placed belfore 4
12B11-A Hus Repeater if one is used.

2-10
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4, MEXD Microprocessor Switch Setings 2 =
o T
a8, Address Selection (E113)

Switch Mo. Address Bii
| 3
2 4
3 b
4 f
5 7
i B
7 g
E 10
a9 11
i0 12

Switch OFF {apen) to respond to logical 1 on Unibus.
Switch ON (cvlosed) to respond to logical 0 on Unibus.
b, ¥eclor Schection (ET4)
Switch No. Vector Bit

o L gh T g mm
o] O L

Swirch OFF (open) to produee a logical D on the Unibus.
Switch ON {clased) 1o produce a logical | on the Unibus.
¢.  Remaining swilches in E76
Swilch 7 is RUN INHIBIT (R1) and thould be OFF,
Bwitch 9 is HY'TE SEL | LOCKOUT (BS1} and should bz OFF,
Swilches 8 and 10 arc not weed and should be GFF,
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3. Lime unit switch settings and jumper configuration as shipped.

. Switch Settings

(13 g\;ll'r:':h Fack Mo. X (E37 on M8201 and B9 on M8202) - All switches should be

(23 g“l;jtch Pack Mo, 3 (E3E on ME201L and E2?1 on ME202) - All switches should be
F,

(3} Switch Pack Ne. | (E26 on M8201 and E29 on ME20?) - The switches should be
positioned as shown in Table 2.3

b. The jumpers should be configured as shown in Tahble 2-3,

Tabde 2-5  Configuration of Jwiipery and
Switch Pack No. 1 on Lise Unit

. DMC11-1A IMCLI-FA DMOIL-MA MDD

Switch Mo, MBI M EB2F] ME2

1 {JFF OFF OFF

2 OFF OFF OFF

3 OFF OFF OFF

4 OFF N QOFF

5 OFF OFF OFF

B OFF OFF OFF

7 ON aON OFF

H ] ON OFF

Jumper Mo,

1 I [N IN

2 N LN ouT

3 aor QuT oLuT

4 [N Iy oUT

3 auT aouT ouT

§ Mot Present Mol Present OUT {(FI1

IN(HDY

NOTES

"Switck pack mo. 1 located af E26 on MEX)]1 and EZ9 on MEDOE.
FD = Full Druplex.
HI} = HaHf Duplex.
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CHAPTER 2
PROGRAMMING INFORMATION

3.1 INTRODUCTIOMN

This chapter containg genera! information necessary for PDP-11 programming af the TIMC1 | Micro-
rrocessor, In general, the information is presenied by operational categories such as input transfers,
cutput transfers, etc. Also included are descriptions of the Unibus control and status registers. micro-
processaT control and slalus registers, and line unit control and status registers.

The information in this chapter is arranged as follows,

Paragraph
Description Mumber
Tatroduction d.§
lnterrupt Yectors 1.2
Priority Selection 13
FOP- 11 Progremming Information 14
Introduction 34
Linitus Contrel snd Status Registers 342
Imput Transfers 143
Cutput Trangters 44
Initiaiization 345
DOCKPE Sturt Lip 1456
Data Transmission 347
Maca Reception J43
Cantrol Oul Translers 149
Maintenance Message:s 1.4.11
Remote 1.0ad Detect and Down Line Lgad 4
Power Fail Recaovery i4.12
Microprocessor Control and Status Registers 3.5
Linc Unit Repgistars 1.6

32 INTERRLUFI YECTODRS

The DMCIN gencrates two vector addresses: input {PDP-11 t0 microprocessor) interrupts generate
veclar sddresses of the form XX0; and ouipul (micraprocessor to PDP-1 1) inlerrupts genetate vecror
addresses of the form XX4, The conditions that initiate the interrupts are:

XXU - Ananterrupt at address XX0 occurs when the PDP-11{ requests the port (SEL4 or SELE) and the
microprocessor reaponds by asserting Ready 1o {RDYT) and Tnterrupt Enable In ([ED).

XX4 - Aninterrupt at address X X4 oocurs when, ufter churging the part with data, (he microprocessor
asserts Ready Oul (RTDY Q) and Intetrupt Enable Oul (IEOY.

3

L T A P T— —




A3 PRICGRITY SELECTION
The pricaity for the interrupts is selectable on the microprocessor via a plug-in priority selection cand.
I iz shipped with a card that establishes BRS as the priority level.

34 PDP-11L PROGRAMMING INFORMATION

A4.1  Infroduction

Programming the DMCLI is described at two kevels. The Frat bevel describes how w PIP-11 program
uses e DM control and status registers together with the interrupe system for transfer of contral
and stulus information between the PDP-11 program and the DMC1E microprogram. The second
level describes detwils of these transactions, including formats, detsils of deviee and protacal
initializatoon, dala transfer, amd gnusual cases.

In arder 40 successfully program the DMCLL, it is not neasssary to be familisr with the details of
13133 P protocol vperation. These are handled by the DMC 11 microprogram. Haowever, some famil-
1urity with the protocol operation is useful in interpreling the significance of the various eTror counters
provvicded o assess the qualily of the cireuit connecting the twa camputers, If @ DMCI iy to commu-
nicale with a different interface, which uses 3 software implementation of DICMP, the person pro-
graning the sottware implementation should consult the DDCMP protoco] standard document.

241 Unbus Comtrol and Statss Repisters

Compmunication af cortrol and status information between the PTIP-11 and the DMC1L uses eight
bvtes of conrol and stutus registers (CSRs), These are addressed a3 7XXKXD, 76XKXX1, TaxXX2,
ThAXRKY, TAAERA, TEXNNS, ToXMM6, and TEXXXT. These device addresses ace subsequently
referced 1o as Byte Select 010 T{BSELS) - BSELT) for indicating individual hytes and as SELD, SELS,
SEL4, und SEL6 for indicating wocds.

NOTE

The C'5R3 are implkemenied with Random Access
Memory [RAM). Thus, al pawer oo, the CSEs come
up in random states. As part of the micraprocessor
initializating, the CSRa (SEL0-6) are deured with
the exveption of bit 15 of SELD (BUN) which in set.
The lower order 8 bits of SELI{BSELD) are clesred
first. Due T the high speed of the microprocessor,
the regisfers are cleared before access by the PDP-
11 is possihle.

HSF1A4-7 comprise a 32-bit data poct that is used ta pass information between the micropropesaar and
the FOP-11. The transfer of informution from the PDP-11 to the microprocsssor is culled an Input
Transfer, often abbreviated IN or T. The transler of information from the microprocessar 1o the PDIP-
11 i called an Owiput Transfer, often ebbrevinied OUT or O, These terms are not 1o be confused with
sencling and recciving data on the serial line which are called sending or transmission, and receiving or
rECERLIcn.

BSELD cuntrols inpul transfers and BSELZ2 controls output transfers. BSEL] conlains bita used for
rtainlenance purpeses which wre of no cangern to the programmer. Lt also containg the MASTER
CLEAR bit which cam be used 1o initialize the DMC 11 microprocessor. BSEL? is nol used. A awitch
o 1he microprocessor module prevents the PDP-11 program from clearing RUN or performing other
trainenance mnetions in BSEL1 which would disable the microprocessor's abilite to initialize an
nnattended PLMP-11 computer systen.

Ay reference for the programmer, the hit assignments for the Unjbus CSRs arc showan in Figure 3-1, A
lelinled descnplion of cach regsster 15 shown in tabular form,

32
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3421 BSEL®
11

— Enpur Register — This register comprises the low byte of address 76X3(0 (Flgure 3-

Hit

Mame

=

Description

1

02

1.4

TYPEINFUT
(TYPE T}

IN T/

RESERYED

REQLUEST IN
{RQ)

Thene bits define the type of input transfer as follows.

Bit 1 Hit )

o L Buifer Address/Character Count
In (BACC T}

0 | Cantrol In (CNTL I)

| 3] Reserved

] | Base In (BASE 1)

Euch af these tranufers is explained in dewail,

(0 = Buffer Address/Character Cownt In urilingd with
REQUEST IN (RQI). This is a roquest ta the micra-
processor by the PIJP-11 1o use the data port (BRSEL4-T)
lor purposes of transferring an 18-bit bus address and o
14-bit character count must be expressed as a positive
binary number.

01 = Control In - When used with BRI, requests the use
of the data port {BSEL4-T) from the microprocessor for
the putpose of transferring protocol and/or process
control informaton.

10 Reserved

1l Base I - Bage [y provides u buse address which, when
usged with RO, reguesis from Lhe migroprocassor the
use of data port {BSEL4-T) for the purpose of transfer-
ring up te-an 13-hit Base Address and RESUME (power
fail} bit,

Defines the flags (BA;CC, aw.] for Input {recsive} or
outpul {transmit), For example, if BSEL4-7 contained a
new BA SO, the microprocessor would need to know
whether thia was a block to be ransfested out, or a buf-
fer for a message to be received.

Sct by the PIDP=11 to request an input fransfer. Clearsd
by the PDYP-11 when the data has been loaded. Thiz hit
serves a5 un interlock bit, which is used 1o request the
use of the data port (ASELA-7) in order to transfer up to
4 bits of data rom the FTIP-11 program. The RO hit
is accompanied by type of transfer as defined by hirs
20,
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Bit Name Description

) INTEREIIPT ENABLE | When set, allows the microprocessor ta veator LHLreFE L
INPUT {IEI) o XX0 having sat DY I

7 REALYY | N Thiz i& w microprocessor tesponse 1o ROI. When
(RDY I asseried, il indicates to the PDP-11 program Lo proceed

with loading the data port (BSEL4-T), This bit is cleared
v the microprocessor at the end of 2n input Leunsfer.

J.4.2.1 BSEL] Muimiesance Regigter - This CSR contains all maintenance functions other 1han
MASTER CLEAR and is not intended for normal user communications hetween the PDP-11 [ITDEranm
und the miceoprocessar, These funclions override all other controf functions, All bits are read fwrite:
however, only MASTER CLEAR is functional if BSEL1 LOCK OUT i set, This register COMIriSes

lhe high hyte of address TeXXX0 (Figure 3-1}.

Bit Mame Lescripdion
] STEP MICRO- Thiz bit, when ser, steps the microprocessor through coe
PROCESSOR instruction cycle, compased of five &lns clock pulses.
(3TEF MP) The RUN flip-Alop should be cleared before executing
this ¢ontral Tunction.
9 ROM INFUT When set, directs the contents of BSELG-7 as the next
{ROM Iy microinstruclion to be executed by the mictoprucessor
when STEP MP is asserted,
[ ROM OUTPUT When set, modifies 1he source paths for BSEL4-7 to be
(ROM M the contents of the addressed CROM or the next micros
instruction exccuted when STEP MP is asserted.
I LIWE UNIT LOOP This control funetion, when asserted, connects the lne
(LU OO anit's senal ling out back Lo its serial Line in. This is done
at the TTL level, before level conversion. When the
LINE UNIT LOOQP bir is set and RN 15 cleared, the
STEP LU clock is the anly cock availakle far shiflling
duta out or in, When LIJ LOODP is sel and KLUN s sel
daia iz clocked at a 10K bps rate, If the H324 loop back
connectar is installed at the end of the E1A cable with
EUN yet and not in LU LOOP mode, duts is shiftcd by
a free running clock of approximatly 10K bps,
The IM bps und 56K bps line units require 2 12-1252%
couxial adapter instulled at the line unit pigtail cables to
provide the loop back. The line unit opersies at he
clock rate of the integral modem in this cuse.
12 STEP LINE LINIT This control (unction is used in conjunction with LU
{STEP LLI} LOOP, When asserted, the trunsmitter shifls, and when
negated, the receiver shifis,
13 EESERYED

L LRI T R E—
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Eit

Mame

Descriptian

L5

MASTLR CLEAR

RLM

When set, MASTER CLEAR mitializes both the micro-
proeessar and the line unit. This bit is selfclearing. The
microprocessor clock is enabled and the RUN flip-flop
is asserbed, The CROM's PC is also temporarily cleared
by MASTER CLEAR allowing the microcode to enter
the idle state.

RUN coatrols the microprocessor clock. This bit is set
by BUS wiaheation or MASTER CLEAR. which
enables the microprocessor clock. KL can be clearsd
for maintenance stales. A swilch (B81} is provided,
which prevents RUN frum being cleared by s runaway
microcpde program when the microprocessor mallunc.
tions. Reler ta Chapter 2, Installation, for more infar-
malion mncl:rmng the BS1 switch.

3.4.2.1 BSEL Output Register - This register contains contral mf-;:-rnmhm n:]atwu: to nutpul: [rans-
ters trom the microprocessor W the FDP-11 program, This register comprises the low byte af address
TOXNEXZ (Figure 31

Hit Mame Diescription
i, 1 TYFE GUTPLT These bits are encoded far the type of data transfer feom
{IY PE O} the mictoprocessor ta the FDP-11 program,
) = Bua Addresa und Character Count Out
01 = Control Crutpm
I0 = Reserved
i1 = Reserved
¥ OUT 10 OUT 1,0 defines the Mags (HA /OC, ete) for Lnput
(receive) or Qutpul {tragsmil). Furmdmrﬂll: FESE14-T
contained a BASCC, the PDP-L ] program would want
to know whether this was a block compleed on oulput
ar 4 message received. An input i9 indicated when this
bit is 2e1: an cutput s indicated when this bit is cleared,
3-5 RESERVED
fi INTERRUPFT ENABLE | When set, the miceoprocessor. wpon asserting RDY O,
OUTPUT (TECH vertars an interrupt to XXd,
7 READY QUTPLT This bit, when asserted, indicaics that BSEL4-7 contain
(RDY O data as defined by bits 0-2. Thia bit must be cleared by

the POP-11 program afier the port data has been
sampled.
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1.4.2.4 BSELA Line Number /Priority Register - [f the DMCL! is used as 2 multiple line controllar.
this register is wsed to designate line numbers and to assign priority for block data transfers.

This register comprises the high byee of address TEXXX2 (Figure 3-1).

Bit Mame Descriptan

K-13 LINENUMBER These bits ure designated for line numbers during for-
mat trangfers. The line number bits are required when
the DMCILI micropracessor 13 used a3 a multiple line
controller.

14,15 PRIORITY These bus assign priority to blocks of dala for trunsfer

vid the DMCI1 micraprocesaor when il is vged as a moul-
tiple line controller. This is sspecially useful when lines
of different speed are used.

34.2.5 Data Port Message Focoals - The data port is represented by addresses 7T6XXXd and
16X X X6 The flirst half of the port is T6X X X4, which includes BSEL4 and BSELS. The second half of
the part 15 76XXX6, which includes BSELS and BSELT.

[The portis loaded by the PDP-11 on input transfers and by the microprocessor on oulput teansfers.

The format and contents of the duts port depend on the Lransier type (TYPE ) or TYFE Q).

In diseussing the data port message lormats, it is sometimes more convenient Lo use ward degignations
{SEL4 and SELA) rather than byle designetions (BSELA-T),

There arg four Focmials:

2.

Buffer address character count input and output (BACC Tand BA/CC ),

Buse inputl (HASE []

Conteol mput (CNTL D

Canteal ovtpul (CWTL

BA/C'C' T amd BA/CC O Formal - The formats for BA/CC 1 and BACC O are the same
(Figure 3-13. 8E1L3 contains the least significant 16 bits (=15} of the 1E-bit buffer address,
The lwo muost significant bits (16 and 17} of this address are contained in bils 14 and 15 of
SELG. The remaining 14 bits {0~13) of SELS cantain the characier count in positive nota-
ton. not 2's complement notation,

The microprocessar can stack @ maximum of seven BA,/CCs each for input and output. This

number s based on the size of the corc tables {BASE) in the PDP-11 memory. which is
tittiited 10 256 hytes.

For inpul eperations, BA JCC T supplies new message huffers to the microprocessor.

For output aperations, BA;/CC O reluros the bulfers to the PP-11 that were sucoessfully
ransferred to the microprocesior.
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HASE [ Format - SEL4 and bits 14 and 15 of SEL& provide the first sddress of 2 reserved
biock of addresses in the PDP-11 memory (Figure +1), The block size is 256 bytes, Upon
assigning the BASE address to the mictoprocessor, the POP-1 ] program must not modify
any ocations within the assigned block.

Bil 13 of SELG is called RESTUME, If this bil is cleared, the microprocessar initializes the
trase: tuble anéd protocol. If set, the microprocessor resumes operation &s specified by the
contents ol Lhe hase table,

3. CNTL I Format -~ The CNTL [ format pravides 1 means of implementing certain control
fungtions (Figure 3-1).
SC1.4 and bits 14 and 15 of SELG contain the address for this format. The contral hits are
locuted in SELG 48 shown below,

B Name Description

-7 SECONDARY These bits define the address of u station in the second-
ADDRESS ary mode under the discipline of DDCM P,

{(3EC ADRS)

B DDCMP Wilh thus bl set, the microprocessor entets the DDCM P
MAIWNTEMNA NCE maintgnanes mods, where it remains until it s sub-
(DDCAMFAMAINT) sequently initialized.

9 RESERVED

Lo BDCMPHALE With this hil set, DIDCMP hall-duplex operation is
CHIPLEX selected. Wath this hit cleared, DDCMP full-duplex
(DRCMPHIN aperalion 1§ selected. This bit must be used with it ¢

11 DDCMP With this bit s=t, DDCMP half-duplex secondary sla-
(SECONDARY tion operslion i3 selscted. With this hit cleared,
DDCMP SEC) DDOCMP half-duplex primary sialion operation is

selected. Not used for full-duplex.

12, 1% RESERVEDD

4, OCNTL O Format — The CNTL O format provides a means of informing the PDP-11 pro-
gram of evror condibans mvolving the DMCILI hardware, PDP-11 pragram, commu-
nigations channel, or the remole station.

SEL4 and bits 14 and 15 of SELG contain the address of this format, The control bits are
located in SEL6 as shown below (Figure 3-110,

Rit Nawie IYescription L

It DATA CHECK When sct, this bit indicates thul o retransmission thregh-
{DATACK) old has been exceeded

1 FivME OUT When set, this bt indicates chat the microprocessor has

received no response from the remots end af the link for
21 seconds.
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Rit Mame Description

OYERBRUMN{ORUN) When sei, this bit indicates thut & message was received,
but no buffer i3 available to recsive it

| o]

k| DDCMP When 321, thin hit indicates thal a messwge 0 the
MAINTEMANMCE PDDCMF maitienance format has een received and
RECEIVED (DDCME | that the protoco] operstion has entered the maidtensmcs
MAINT RECD) qlate.
4 |OST DATA When set, this bit indicates that the received messape is
longer than the supplied buffer.
5 RESERVL[D
& DISCONNECT W hen set, this bit indicates that an off to on transition of
the madem Data Set Ready lead has been detectad.
¥ DM MPSTART When set, this bit indicates that a DDCMP Start mes.
RECEIVEDR {DDCMP | sage was recoived when the protocol wus in the tunning
START RECY) ar maintenatcs yiate.
L] NN EXISTERT When set, this bit indicales that & TUnibus address time
MEMORY (NONEX | out has gecurred.,
MEM)
q PROCESSOR ERROR | When set, this bit indicates that the PDP-11 program

(PROCERR) has perfortied 8 procedural grror.

343 I[npel Trumlers

Whenever the dati poct 15 not un use, it is subject to being seised by the microprocessar for use in an
aulput transfer. Therefare, the PDP-11 program must request the microprocessor e assign it the port
belore provesding with an input transfec. [1 must also spesify the ype of inpul teansfer (2 transmit
butfer, a receive buffer, control informarion, ee) se the micraprocessor can make appropriate
Prepardiions.

The PLYP-11 program should set bits (-2 of BSELO to indicate the type of transfer and then set bil 5,
Request in (RO, to request the porl. These hits may be set by a single instruction. The micea-
provessor responds by secting bit 7, Ready In (RDYT), when the port has been assigaed o the PTIP-11
program. When RDY | kas been set, the PDP-11 program should load the desired data inlo the data
port (BSEL3-T). Then, it shauld chear RO, The microprocessar tukes the data and clears RDYT which
campletes the transle.

it & of BSELD, interrupl Enable Imput {IEI), controls wheiler the PDP-1] program receives un
mierrupt (to ¥ector X X0} when the microprocessor has set RDY L The microprocessor responds to
RO immediately (within 10 us) when operating at speeds below | Mb or at 1 Mb when cither the
lransmilier ot receiver 38 idle, It is moatl efficient for the PDP-11 program to bave interrupts disabled
and simply sean RDYT onc or more times until the microprocessor has set it While the FTIP-11
PrOEram 5 waiting, it mast be prepared 10 aciepl an output transfer because the microprocessar may
have serzed Lhe port an the meanwhile,
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The mivroprocessor canter service certain ypes of input transfers imimediately. For example, the
FDP-1] program may aftempl o quews more than seven buffers for transmission, Tn thegs cases, 1l 15
convenicnt 1o use inderrupts, [f the PDP-11 program finds RDYT clear after saveral scans, it can enable
interrupts by setling 1ET with 3 BIS or MOV instruction. The DM intesrrupla the PDP-11 {1
Veclur XX when the microproccssor has set R DY, The PDP-1] program gete the mnterrupt in all
casies, even if the microprocessar had already set RDYE at the time the program seis IEI The program
cin bypuss any scanning if TG is set when the progrum sets ROIL.

NOTE

The P'DP-11 program shoul oot begin o mew inpul
tramsfer until the previoms iramsfer has been com-
pleted, as ludicated by the microprocessor dearing
RDYI. The microprocessor does this within 10 __s
after the program bas deared R{)). If the POP-11
program wishes to begin 4 now ransfer inmediatel v,
it shauld check tint RDYT hins been cleared defore
setling ROIL. This can be dune by scanning RDY [
uniil it has been cleared.

344 ODutpat Transfers

The microprovessor initistes an output transfer when it has status o1 error information Lo transfer to
the FIXP-11 program or it wishes to return a full buffer on reception or ur empty buffer on transmis-
siom. “I'he microprocessor can initiate an output transfer at any time the duts part is free: that is, not
arsypned to the PDT-11 program for an inpur cransfer and not io vse for a previpus ouipul ttunsler,
However, if the PDXP-11 has initialized the DMCIL by setting MASTER CLEAR or generating Lhe
INTT aagnal om the Linibus, the micraprocessor does nol generate any output teansfer until it has heen
initialized by the PIIP-11 program.

The micrapricessar loads seatus or ereor information inta the data port (BSEL3- 7Y and sels bita 0-2 of
H3FLZ to indicate the format and significance uf the data, 1t then sets bit 7 of BSELZ, Ready Out
{R XY 00, ta indicate (e the PDP-11 pragrams that duts is available, [n response to RDY O setting, Lhe
FOP-11 program should note the tvpe of output transfer as specified in bits 0-2 of BSEL2 and read (he
dats 1n the data port, When Lhe PDP-11 program has sampled &l the data, it must complede the outpul
leansler by clearing RDYO. Thiy frees the data port for = subsequent transaction.

[Fthe POP-11 pragram wishes, it cun enuble interrupes on culpul wansfers by setling bit 6 of BSEL2,
Interrupt Enghle Output (IEO}. If TEOQ is set, the DMC] L intecrupls the PDP-11 (to Vectar XX47 afrer
the microprocessor has set RIYYE, Since the PDP-11 program wsually does nat know when an outpul
cransfer wil] oeeur (for exumple, when a mesasge will be received) an efficient PDP-1] program ocdi-
mariiy enables interrupls an output transfers,

WOTE

The PDF-11 program nust respond 10 RDY D) being
set by reading the dats and dearing RDY 0. Fadure
t0 thy this prevents the data port from being freed. If
the PIYF-11 program has requested an inpur eransfer
by metting R1)1, it masi be prepered to respond to o
vutput transfer prior to bedog ghven RDYI. I the
FDF-11 program faills to resposed to RDY O, it pever
gets RDYL. The PDP-E ] propram should sot spin oo
RDYT in 2 loop that does pot also test ROY () unless
Inlertupts on owtpet transfers are mashied, and te
loop exceutes a1t a lower priority level than the
EMOTL interrupts levd.
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345 Inicalization

The power-up sequence and UNTBUS INTT signal initialize the DMC11, The FDP-11 proprum can
accomplish the sume effect by setting MASTER CLEAR in BSELIL. Each of these procedures resturts
the microprocessor to the beginning of s microprogram. In this stute, the microprocessor does not
send or receive messages or the serial line or generate output transfers.

When the PDP-11 program wants the DMCLI to function, it must perform an inpul iransfer that
specities the base address of 2 128 word tahle in PDP-11 memory, which i3 called the base lable. The
PLP-1] program requests the BASE] Leansfer by setting TYPET to 11. [n response to ROV, the
rrogram loads the low-order 16 bits of the address into SEL4 and the high-order 2 bits of the address
into bits 15 and 14 of SELG. IF the DDCMP protocel operation is Lo be initialized, the RESUME bil
(it 13 of SEL&) must be clear,

Onee the PLYP-1] has specified a base address, the 128 word base table belongs to the MiCTOPrOcEssOr
ueetil the DL T is master clesred by INIT or MASTER CLEAR, The PDP-11 PTOETAM May Cxamine
the conlents of the hase table (fur example, error counters reluting to protocol operalion) but must not
alter its contenly.

By supplying a base address with the RESU ME bit clear, the microprocessor is conditioned to respond
to the DDOMP start-up seyuence received from the temote system. However, the microprocessor does
nolL iniliate the start-up sequence on its own accord unless the PDP-11 program supplies a hufter of
Jdada we be transmitied,

Ifthe DMCLL is connected 10 a haif-duplea channel, the PDP-11 progrem must now perform an mprut
transfer using the Control In farmar and set the Half Druplex bit (HD) in SEL6 (bit 10). In addition,
Lhe program must specily whether the DMCLL is 1o operate as a half-duplex seoondary station {3-
secand timer) ar 4 half-duples primary station {| second timer) by setting or clearing the secondary bil
(SECYan SELG {bit 11). A hall-duplex |ink must huve ome primary station and one secondary stalion.
The valy differenee belween ihe two is in the Iength of tme spent before retransmitting in case of
errors. Hall-duplex operalivn may be specified at any time by a Control In transler to accommodale
swilchig te a half-duplex buckup communications channel. The DMCLE optioas containing the

integral modem maust be specifically srapped Tor half-duplea operation, in addition o requinng the
Coanlcal In transfor,

346 DILCMP Seart Up

Before data messapes can be ransmitled or received, the DDCMP atart-up scQuence must be com-
nleted to make certain both ends of the link are correctly initialized und to place the protocol in the
running state, Hicher end muy initiate the start sequence or both ends may do so simultaneously. Tf the

PDP-11 pragram supplies a huffer of data to be transmitted, the local DMCU] inftiates the slact
s LlernLe.

The PIMP-L] program may ignore (e detwils of the start sequence. However, one L portant property
ol the sequence js signilicant. Onge the local YMC11 has entered the running state, it detecls and fags
a% un errar fhe fact thet the other end has initiated the start sequence. A » « tesult, the PDP-11 program
receives 3 Control Out Lransfer with SEL6 bit 7 (DIXCMP START REC' D) set, If this happens, Lhe
PDP-11 pragram knows that the other end of the link has restarted. The PDP-11 program should
iniliulize the [YMC1] and begin again.
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347 Data Transmission

Wher Ue PDP-11 praogram wishes 1o transmit a boffer of daca, it ciears bits 1 and 0 of BSELD (o
indicale @ Buller Address/Character Count In tranafer and clears bic 2 of BSELO (TNI/0) to specify
that thiz iz o full buller i be ransmitied. It then requests an input transfer by setting RQT. In response
te ROYL i Juads SELS with the low-oder 16 bits of the buffer address. bits 15 and 14 of 8EL& with the
high-order bils vl the address, and bits |3 1o 0 of SEL& with the 14-bit character counl. Bulfers from |
o 16,183 bytes long can be used for local operation. For remole operation. buffers should be limited to
a practical maximum of about 512 bytes, depending on the ermor rate of the communicaiions facilitiss.
lach buffer corresponds Lo a single DIXCMP data message.

When Lhke message has been successfully transmitted and an acknowledgement received, the micro-
processor amliates an putput transfer with bits 1 and 0 of BSEL? clear o indicute the Huffer
Address/Character Count Out {BA /CC O} Tormat. Bie 2{30UT 1/ is clear to indicate 1hat s sucoess-
fully teansmatted buler has been returned (o the propram.

Fhe PIDE-]1 program may guewe up to seven buffers for trensmission by supplying buffers to the
micenprocessar faster than it elums them, Ar attsmpt 16 queve more than seven bafers farces the
micronrocessar ko delay granting the request for the input transfer until a buffer has begn returned,

NOTE

The PDP-11 program should not request an inpuf
trangler that supplies & trausoslt buffer H seven are
already outstnnding, nmless it & certais that the ather
e of the link can spply encugh baffers for rocep-
tlon. In particular, il two POP-115 comected by
DMC11s attempt to quese up to eight buflers, white
no receive budfers are gquesed, they become dead-
locked and must InfHalize their IFMVC 115,

1.4.3 Data Reception

When the FDP-1] proeram has sn empty buffer it wishes to fill with ceceived datu, it clears bita 1 and ()
ot B3ELD Lo mndicale 1 BA JCC I transfer and sets hit 2 of BSELO {IN /0 1o specily that an empty
buffer has heen made available for reception. Tt then requests an inpwt transfar by seting ROQT. In
respionse ta RI3Y [ it loads SEL4 and SELS wilk the bufler addreess and character count in the same
[urmat as Tor transmission. The character count must be lurge enough ta accommadabe the longest
measure expecled.

When 2 message has been suceessfully received and stored in the buffer. the microprocessor iniliates 4n
outpll transfer with bits 1 and 0 of BSEL2 clear to indigate the BA /CC Q format, Bit 2 {OUT 107 is
sot roindicate a full boffer hus been received, SELS and SEL G contain the address of the buffer and 1he
actual number of characters received.

Il & messape is received when no receive buffer is available, the microprocesor informs the PDP-11 by
means ol w Control Qut transfer, with bit 7 of SELS ((FRUN ERR) set. The oiher end of the link is
intormed of the ercor and automatically retransmits the message. The PDP-11 program should supply
i Dulfer ws soom as possible.
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‘The PLP-11 may queus up 1o seven empty buffers for recaption by supplying them to the micro-
processor Taster than it returns buffers. An aticmpt to quene more than seven buffers forces the micro-
processor Ly deley granting the request for input transfer until a full buffer hes been returned.

KNOTE
The PDP-11 program should not request an input
trarsler that supplies & badfer Tor reception i seven
are alvesdy ovtyianding, uness it is certain that the
other end of the link i= supplvlog buffers For
transission.

3149 Conmtrol Out Tramslers

The microprocessar informs the PDP-11 program of wnususd ar error conditions invalving the com-
mumnicatigns channel. remote end of the link, DMCI1 hardware, or FIP.11 progtam by means of an
vutput tranafer with bil | of BSEL? clear and bit 0 set indicating & Contral Out (CNTL O transfer.
SEL6 contuins hits that indicute the errar condition, Some efcors ure advisory in nature and nocmal
operalion may continug, Cihers are falal and require the PDP-11 program to initialize the DMCLL .

Bit U (DATA CK) indicates that 3 retransmissian theeshold has been excesded. (Mare than seven
consecutive retransmissions have necureed for Wransmission or reception.) This indicates o defoctive
cummunications chanie] or lhat the ather end of the link huk failed to supply a buffer for recepian,
The PDP-11 can examine efror counters in the base tabbe [or mare details of the error. This is 4 non-
faral error. Should the cause of the errar be corrected, normal operation continues with no messages
lest in either direction. This eccor may appear repeatedly undl the condition iz corrected ar until the
BMCLI s initinhzed. Transieni errocs corrected before seven relransmissians are not reporied L the
PIIP-11 prugram but are counted in the buse table,

Hit | (TIME OUT) indicates that the micropracessor has received no response from the remate end of
Lhe link far a specified pericd {21 seoonds), This indicates 3 broken comumunications channel or a
Failure at the other end of the Iink (possibly 3 power Filure). Like DATA CK, (hig is a noo-fatal erear
1hat an oeeut repeated]y.

Hit 2 [(YRUN ERR} indicules that a message was received but no buffer was available. This is 3 noo.
[ulal etror. The POP-]| program can prevent this error Trom Tecurring repeatedly by supplying a
Bruifrer.

Hit 3 [DDCMP MAINT RECTD) indicates that a message in the DDCMP muintenance formul was
reccived and thal the protocol operation has entered the maintenance state.

Bil 4 (LOST DATA) indicates that » message was received that is longer than the bulfer supplied by
the PDP-11 program, This is a Fatal error,

Rit & (DISCONNECT) andicates thun an un to off transition of the modem Data Set Ready lead has
been detected (remole operation ouly). This i a non-fatal error. For dial-up operation, the POP-11

program must consider the possibility that 2 aew caller has conoected to the DMC11, if chis is required
by security considerations.

Bit 7 (DDCME START REC'D) indicates that a DDCMP Sturt message was received when the
prolocel was in the rurning or maintenanee states. This indicates that the remole somputer has
tnelialized 1t end of the link. This is a fatal error, The PDP-1] program may initialize the DML if it
wishes Lo start over and complete the start-up sequence.
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Bil § (WON EX MLM} indicates that a Unibus address time-oul hus occwrred, This could have been
cansed by the PO L] program specifying an invaiid base address, buffer addreas, or count, which was
stered illegally in the base table or the PDP-11 memary, t3 defective. This is a Tutal error.

Bit 8 (PRON ERK) indicates a procedure error on the part of the PIE-11 program. The tequested
inpul trunsfer cunmot be honored due to a programming error. This ercor can be caused by requesting

& BA /CC Belore supplying a base address, requesting a busc address a second time. or specifying an
invalid vode in BSELD bits | and &, This is a fatal error.

3410 Mainfenance dMessages
& special INMMIMP measage formal, the Muaintenance message, is used for duwn line loading, restart-
ing. or atherwise maintaining satellile computer systems, Messages i this formal are subject to ecror

checking but are unsequenced, unacknowledged, and not retransmitied auromatically by the DM,
Transmission 14 8 lwavs half-duplex.

Mumnlenunce messages can anly be sent and reegived while the microprocessor is in the DDEMP
rmumlenance slate. The PDP-11 program may cause the microprocessor ta enter this state by a CNTL |
transfor weth bir & of SEL6 (DT ME MA|MT) set, The mictoprocessor enters the maintenance stawe if
4 mainignance message is received. In this case, the microprocessor peeforns o CNTL O transfer with
DIMMP MAINT RECTDY 86t in 5ELA Lo indicate the state change and availabilily of 2 maintenance
4} l=LT MY LI

Qe in DOCMP maintenance made, maintenance messapes cun be sent and reseived similarly to data
Imggsupres. O {ransmission, the data portion of the message is taken from the buffer with the DMCL]
genecaling Lhe header and CROCs. On reception only, the dats portion is placed in the buffer, Messages
not i YDCMEP mamtenunce format or having ineocrect CRCS are simply discarded.

e data portion of the maiblenince message may cantain any data that is desired. bul ordinarily it
canfarms to the DIGITAL Maintenance Operation Protacal (MOP) formats. When a hosl computer
wishes 1o restart a satellite compurter sysiem, it must send the appropriate MOP messapes as described
in the fallnwing paragraph,

[norder Ll leave Mamtenanee made, the POP-11 program musl initialize the DMCD 2nd supply 2
Trase addreess with the RESTIME bit clear.

3411 Kemoie Load Detect and Drown Line Load

Whenever the microprocessor is running, i is constonily scanning the serial line for a DDCOMP
muinlenunce messuge containing an ENTER MOP MODE daw ficld. Whal happens when this par-
livular message 15 recerved depends on the setting of two switch pucks on the DMC L1 line vnit.
Depending on the selting af these switches, the DMC L will either compence down line loading
MO muode, ingger the POP-11 to begin exeeuting a program in a read oaly memory {ROM) boot-
strip { BAMETI, M330], wic), ur simply pasa the daw ta the PIIP-11 as an ordinary maintenance mes-
sage, Incnse a ROM bootsteap is Lrigpered, switches on the line unit specify an 3-bit word offset to the
hontatrap address space.

The dutu porlion of the ENTER MOP MODE message is 5 bvtes long. The firsl byle containg the
decimul number &, The remaining 4 bytes contain the same B-bit value. This value is specafied by g

swilch puck vn the DMCE] line unit and setves as 4 password to protect against inadverient recogni-
Lion ul the ENTER MOP MODE messuge.

If an ENTER MOF MODE messape is recognized and the switches specily 1o commencs down line
loading. the DMOC 1] microprocessor lakes over the PDP-11 computer sysiem. All peripherals an the
syastem arc initialized by an INIT sequetwe and the processor is placed inle a light loop where it
remaing until eantral s teanslerrred to g program loaded down the line.
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In responsc 1o the ENTER MOP MODE message, the DMC11 sends & REQUEST MOP SECOND-
ARY MODE message in DDXCMP maittenatice Tormat containing a data field 3 byies long that
containg the decimal numbers 8,12.1. This informs the remote end that the ENTER MOP MODE
Messdge was received.

The remate end shoukd now send a4 MEMORY LOAD WITH TRANSFER ADDRESS message in
DDCMP muintenangs format, The firl 2 bytes arg zero, the next 4 bytes are an 18-bit memory uddress
right justified, Followed by A memory imuge o be loaded and 4 bytes of wransfer address.

Once this fnessage has been sueressfilly veceived, the DMC 11 starts the PDP-11 program at Lhe speci-
fied transfer address. The DM 1] must be initialired before it does anything clse except recopnize o
subsequent ENTER MOP MODE maintepance message.

J3.4.12 Puwer Fail Recovery

The DMCI | keeps uil dauta necessary 10 recover from a power failurs in its base table, When the PDP-
I'T program detecis a power faiture, 1t should cease requesting nput transfers and oot respond o
output transters. When power has heen restored, the PDIP-11 power recovery program can iell the
MO microprocessor Lo recover from the error by perfortting o BASE '] transfer with the
REZLUME kit sef, The original base address must be specified and Lhe cantents of the base table must
he the same as they were when power wus lost; otherwise, the program must start gver (RESUME bic
clear). As part of the power recovery, the PDYP-11 program must repeat an uneompleted input transfer,
It musL sel TET and TEC as desired. The microprocessor repeats an uncompleted sutpud transler.

3403 Data Sel Comtrul

If the switches on the DMC L] line unit specify bootstrap ROM triggering or down-line loading, the
MICrOPTACessor Maintains Dula Terminal Ready continucusly, dropping it for & I-second period fol-
lrwing an on to off ransition of Data Set Ready, Otherwise, the DAMC11 does not turn Data Terminal
Resdy on until it has received o base uddress. It drops Data Terminal Ready when initialized by INIT
or MASTER CLEAR and it drops it for 1 second following an on o off transilion of Dutu Set Ready,
An i 1o ofT lrensiton of Daia Set Ready provides o CNTLL O transfer as previously desceribed, il the
MM has been piven o base address,

35 MICROPROCESSOR CONTROGL AND STATUS REGISTERS

351 Introducton

The Unibus CSRy deseribed in Parugraph 3.4.2 are physically located in the multiport R AM, The
RAM capauly 1= 12B bits arranged as 16 B-bit bytes, which is eguivalent o eight 16-hit words, The
EAM can be accessed stmultaneously from 1wo sources. One source is the Unibus und the other is the
micrapragessor. Therefure, when these Unibus CSRa (BSEL1-BSELT) are viewed lrom the micro-

pracessor, they are cabhed Micropracessor CSRs. Specifically, they are identified as OUTBUS* /[NBLS*
cegristers -7 (octal},

The remaming multiport RAM capacity, which is & S-bit byies, conwins the NFR 13ata and BA
registers. These registers ure also called Microprocessor CSRsand are specified us OUT BUS/IN BUS
registers 0-7 [aetal).

There are twa additional byte sized hardware registers that are listed in the OUT BLIS* /TN BLS*

vilegory. They are the NPR Conlral tegister {105) and e Micraprocessar Miscellaneous negister
[11z)
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The micruprocessor has the capability of addressing 32 byte sized registers. As g convention, il has
been devided Lo show 16 assigned addresses under each category; that is, OUT BUS* /1N BI/S* and
QLIT BUS/IN BUS. Ag a result, six undefined regisiers 12-17 (octal) &re listed under QUT BUS*/IN
RUIS* . These registers da not exist physically. The line unit device registers, 10,—17; have been added 1o
the QQUT BUS/IN BUS category, These registers are physically located in the line unit. Address 10 is
listed twice because two line unit registers use the same address, The In Data Silo is rcad only and the
Oul 1Data Kilg is write only. Therefore, there are nite registers in the line unit,

The arrangement of the Microprocessor CERe in shown in Figure 1-2.
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Figure 3-2  Microprocessnr Registers
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The detailed discussion of the Line Unit CSRe is contained in Paragraph 1.6

152 OQUT BUS* /il HUS* Repisters 0-7

‘These eighl registers are identical to those deseribed in Paragraphs 3.4.2,1 through 34.2.5.

3.53 NPR Conirol Register |OUT BUSA /1IN BUS* 10}

Eir
]

MName

1kescripfion

NFER REQLEST

{NPR R(})

READ;WRITE [R ;W)

This bit can be se1 only, It is automaticelly cleared hy
the hardware when the NPR has been completed. When
get, Lhia Bit requests an NPR via the Unibus fo the PDP-
11 memory. INOUT NPR (bit 4) 13 cleared, data is (rans-
ferrad from the PDP-11 memory. If OUT NPR is set,
data is transferred ta the PDPE-11 memoty. Bil 7 (BYTH
XFER) controls word/ byte selection,

For an IN NPR, the PDP-]1 memory address is in OUT
BUS/TN BUIS registers 4 and 5. For an OUT KPR, Lhe
address 1 in OUT BUS/IN BUS registers 6 and 7, The
data that is associated with the transaction comes from
OUT BUS/IN BUS registers 2 and 3 for OUT DATA
and from OUT BUS/IN BUS registers O and | for TN
DATA. OUT NPR (bit 4) i3 Unihus Control line Cl und
BYTE XFER (bit 7) is Unibus Contral line OO0 When
BYTE XFER is sct, the state of the BA least significant
bit {0} is used to select the byte. The truth table for the
type of transactian, a6 salecied by these bits, is shown
below.

QUTNPFR BYTE XFEE L nibus

{C1) (Ci HAD Transuction

Q ) 0 DATI

i t i DATI

[ 1 0 Hegal

0 l 1 Iepal

l n ] DATO

I 1] l DATO

I ] 0 DATOR (L ow
Byie)

t ] 1 DATOB {High
Byie)

Thiz read /write bit provides no function and may be
treated in (he microcode as 8 flag or stule indicator,
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Rit Mame Description
3 IN BA 16 and These are the PDP-11 memory extension bita used dur-
INBA |7 ing an LN NPR (1 = i1 transaction,

4 OUT NPR This bit is used in association with NPR RO {bit 0}. The
details of the inter-relationship between these bits are
covered in the description of NPR RO (hit ),

56 RESERVED

0 BYTE XT'CR This hit is used in ausociation with OUT NPR Lo

indicate a byie iransfer L the PDP-11 memary, When
this bit i3 set, the PIIP-11 oses addresy bit Al for hyte
selection. I Alviz a ), OUT DATA 70 is stared in the
fow byte of the PDP-11 memory. If AD s o 1, OUT
DATA T 1s stored in the high byte of the PDP-11
Memory.

If BYTE is cleared during an OUT NPR operation,
OUT DATA t5-0 is transderred w the PDP-11 memory
Uk 3 waord,

354 Microprocessor Miscellaweous Register (OUT BIUS* /[N BUS* 1)

Bil MName Deseripiion
il NOM-EXISTEWNT During an NPR, this bil is sel approximately 20 us aficr
MEMORY i non-exisgent memory location is addressed by the
(MOMN-EX MEM) microprovesaor. Ad this time, the WPR logic relessess the
Llnibus,

L AT LOW This bit iz a sel only b, When set, it triggers a 1-shot
with a pulse duration of .5 second. This pulse goes to
the Linibus and initiates a power fail recovery proeedure
in thy PDP-11 processot.

23 QUT BA 16 and These are the PDP-11 memary extension bits vsed dur-

QUT Ha 17 ing an OUT NPR transfer.
4 FROGRAM CLOCHK | This bit acts as a timer for the micropracessor. 1t can be
{(PGM CLK)} read to determine fapsee time For lime-out, Meg lesting,
ele.
This bil is the O oulput of 2 retriggerable 1-shot with a |
second pulse duration. As loog as the tripgeting pulses
come along at less than 1 second intetvals, the 1-shot
remains asserted und this kit iz read as a 0. If the L-shot
Lites out, this bit is resd rs g 1.
3 RESERVED
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Bit ™~ ame Descrigtion
£ YECTOR AT X X4 If this bit is set when BR RO (hit 7116 set, vector address
XXd i3 generated, I it is cleared when HRE RO is ser,
vector address MX0 i3 generated, Address X X0 35 ussoci-
aled with RDYT and address X X4 [s agsociated with
EDY,
7 BR REQLTEST When set, this bit initiares & Bus Request via the Lnibus
(PR RO at BR level 4, 5, 6, ot 7. The microprocessor is shipped
with a BRS priority card installed. This hit can be sct
only and is cleared by the hardware afier the BR has
been completed.
3.5.5 NPR Bus Address and Dara Registers (OUT BLUS/IN BUS (-7
Register Name Dencripting
0,1 INDATA Low byie (register 0 and high byte (register 13 ol dute to
be transferred from the PDP-11 memory.
23 OLTDATA Low hyte (register 1) and hgh byte {register 3 of daia to
be transferred to the PDP-11 memoary,
4, 5 I I Ba Contwns Bus Address (BA) hits 0~15 during an NPR
i transler from the PDP-11 memory. Bil (b of register 4 is
I.' BA bit 0 and hit T of register 5 is BA bil 15,
&7 QUT BA Contains Bus Address (BA) bits 0-15 during an NPR

traneler o the PDP-11 memory. Bit Gof register 6 iz BA
it O und bit 7 of register 7 i3 BA bit 15

Ao LINE UNIT REGISTERS

A

In/Ou Data Sido Regisiers ( i)

The In D2ata Sile is louded with eight bits of received dutu from the Receiver Dty register. When the
mmicraproeessor performs a read operarion on this register, the duta is presented to the THUS.

Physically, the In Diata Sile s io the Torm of 2 64 word by 12 bit sile. The ather four bits are considered
ta be purt of the In Control cegister.

When the microprocessar performs a write operation on the In Data Silo, nathing happens te this
register. However, the cight hits of data (o be tranamiteed are raken from the OBUS and are presenced
ter the input of the Cul Dats Silo, which is a 64 word by 12 bit silo, The other four bits are considored
Lo be purt of the Owut Contrel register.
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J.6.2  Cut Control Register (11)

Bir

M witie

Description

0

TS50M
(Transout Sturt
af Message)

TEOM
(Transmit End
of Messnpe)

This it is used Lo initiaze the sturt of a new message,

DDCMF Mode: The Sync charicler must be Joaded
ke the Qut [3ara Silo along with TSOM bit, This char-
acter is trunsmitted as the Svnc character unti] TSOM g
cleared, Until i1 is cleared, the charscters are aol includ-
ed in the CRC acrumulation. Whes TSOM iz cleured,
Lhe present Syne character is fransmitved and is Followed
by duts, All data is included 1 the CRC accumulation,
If CRC is cnabled. Onee TSOM has been set, the CRC
accumulation cannot be inhibited unless Lhe line unit is
imitialized.

Bit Stuff Mode: When TSUOM is sel, u flag character is
automatically transmitted. The character that is loaded
wilh the TSOM bit is lost. Flag characters are sutomal-
ically tranamitted as leng as 150M is sec. When data is
to be lransmitted, TSOM is cleared and dala is loaded
inta the Out Drata Silo, At the completion of the current
flag character, the actual transmission of data begins.
All informatien to he transmilted s included in the
CRC accumnulation, if the CRC tunction is enghled,

This bit is program weite anly, It 5 cleared by the
initialization bogic and by the Tuct that dala was loaded
into the Out Data Silo. I is Jesded into the sibo and
passed to the trunsmitter theaugh the silg,

This bit 15 used 1o ermtinate the message in progress and
contral the transmissian of the CRC character, if the
CHRC fuoetion is enabled,

DDCMP Mode: When TEOQM is set, the CROC character
ia transmitced. IM oo more messages are pending [TSOM
clesred], the transmiteer is shur down.

Bit Swif Mode: When TEOM js set, the character
loaded with it is lost, The CROC character is transmitbed,
If no more mesgages are peading, the transmitier is skt
down by having a second TEQOM in the silo. This geter-
ates a stngle closing or intcrmessage fag.

This bit is program write only. [t is cleared by the
initializetion logic and by the TSIP fip-Nop. which is set
whenever dats 15 loaded into the Out [ata Silo,
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Bit

I ki

Description

2.1

i

T

{OUT CLEAR)

Reserved

OUT KDY
{Cut Ready)

Keserved

OUT ACTIVE

QCLRE

These bits are program write only, They are cleared by
the mitialization logic and hy the TSIP flip-flop, which
iz gt whenever data is loaded into the Qut Data Silo,
These hits and bita ) snd 1 are pasaed to the transmitter
thraugh the silo every Hme register 10 i written into;
therefore, 1f the CONTROL IN formal is to be sent,
these bits must be written before register 10 is wrillen
inta,

When asderied, Lhis bit inlforms the microprocessor that
the transmitter is ready w accepl data. It indicates that
sSpAce i3 available in the Out Data Silo. The micro-
processor loads the Out Data Silo and then reads OUT
RDY. The speed of the microprocessor allows QUT
RDY 10 be read and interpreted as true before the silo
has loaded the data. Therclore, one cyele must clapse
between joading the silo and reading OUT R DY,

This bit i5 raad only.

Read only. Physically, this bit iz a switch.

QUT ACTIVE informs the microprocessor of the stalus
af the tranamitter. When it is set, the transmitter is
active.

This bit is read only. It i3 set by the hardware and
cleared by the initialization logic.

Thas bit is used Lo clear all the transmitted functinns.
CCLRE i3 program write only.

263 In Conirol Register {12]

Bir

T 13

Lb

BCC MATCH
(Block Check
Character Match)

[ECENF S S——

e — e o T

Diescriptian

BCC MATCH is the putput of the recgiver CR grror
logic that monilors the contents af the CRC megiater.
With the CRC Mnhction enabled, BCC MATCH s
asperted at the end of an errorless messege. In the
DDMCMP protocol, the contents of the Recsiver CRC
register pquul zero when an errorless message has been
received. In the SDLC protlecol, the contents of (he
Receiver CRC register equal 416417,

This bit ia read only and is updated everytime register 10
i3 Tead,
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Description |

Rit Mame
I BLOCK END
13 Reserved
!.
] ALT LU LOOP
{Aldternate Line
Linit Loop)
5] : IMN ACTIVE
I
7 ICLEP
{InClear)y

BLOCK END is used ta inform the mivroprocessor, i
SDLC maode, that a lerminating flag has been received.
Thiz flag may be the leading flag for the next message.
The BLOCK END bit is louded with the high byte of the
CRC character; therefore, the BLOCK END bit, ulang
with the BCC MATCH bit, should be used (o indicate
reception of a good message.

This bt 13 read only und s mot used in the DDCMP
mode. Tt s updated everviime register 10 is read.

When asserted, this bit informs the miccoprocessor that
received daws is ready for processing. It indicates thal
data is available ut the autpul of the In Data §ilo.

T his bt iz read only.

Durintg maintenance, this it is set 1o loop the receiver
on the transmilter with po conneclion to the modem
control lines.

This bit is program read'write,

When assered, this kit inlorms the microprocessor that
the feceiver is in the dala feception mode; that is, it is
receiving data or CRC characiers.

DDCME Mode: [N ACTIVE is asseried upon recsipt of
the first non-sync charucter.

SDLC Made: [N ACTIVL is asserted upon fectipt of
the firsl duta character.

This bil is used tn clear all the receiver Tunations.

TCLREP is program wrile only

Zod  Modem Comtrol Register (13

Descrlpiion

Eit Maie
] SECUEE The function of this bit 18 reserved For future wse. This
read only bil is selected by a switch, SECURE is
asseried when the switch is OFF {(open).
! W The function of this hit is reserved tor fuluee use. This

read onby bit is selecied by a switch, SW i3 asserted when
the mwitch iz OFF [open).

3-22
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Bit Name Description
z L The C3 bit informs the mcroprocessor of (he stale of
{Clear to Send) the modem Clear to Send line, This bit and MODEM
RDY (bit 3} must be aaseried sicmultaneously 1o gengrate
SEMD, which i the transmitter énabling signal.
Thie bil is read only.
3 MOBEM RDY The MCODEM RDY hit informs the microprocessar of
{ M dem Ready) the state of the Modem Ready line, On the MB20I L ing
[Toit, this signal can be held ssserted permanently
through the use ol a jumper. On e MENE Line Unil,
this signal iz asserted when power is (urned on.
This bit i3 read anly,
L HDX The HDX bit i3 used to put the line wnit in the half-
(Half Drupiex) duplex made. When this bit and the Request to 5end hit
are asseried, the recoiver clock is inhibited, which blinds
the receiver during operation in the hall-dupliex mode.
This bit is program read/write and can be dimectly
cleared by the clear signal fcom the microprocessar,
5 RS The B3 bit informs the microprocessor of the state of
(Request (o the modem Request to Send bne, This bit is eontrolled
Send) by the line unil logic and aot by the microprocessor. Tt s
cleared by absence of data or by the inilialualion logic.
Thin bt is read only,
f OTR The DTR bit enables the modeny via the Dalu Terinmnal
{Dutu Terminal Ready line. This bit is program read /write. 11 is directly
Feaidy) sct by the initialization logic but it can be cleared nnly
by writing a 0 intao it.
T RINCE The RING bil infortns the microprocessor af the state
of the modem Ring line. RING s inhibited an lhe
MEN2 Line Unic,
Thie it iz read only.
365 Syne Register (14)

The Syne register iz an 8-bit program read/ write register.

DDCMP Mode: The regisler i Inaded with 3 program selectable sync character.

Bit 5tufl: 1n the secondary modde, this register is loeded with secondary station address. This 8-hit
character follows the initial flag im the SDLC messsge format,
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346.6 Switch Selectable Registers {15 and 16

Hath of thess registers are DIPs containing sight switches each. The program determines (he funetion
of hoth registers.

3.4.7T Maintenance Register (17)

Bit Mame Dhezcxiptivn
i MODE The MODE bit selects the protocol (DDCMP or Bit
Stulf families). When set, DDCMP s selectad: when
cledred, Bit Souff i3 selected.
[Dwring initalization, the CTLEAR signal from the
microprocessor sels thin bit to seloct DDCMP. This hit
can be cleared (SDLC sefected) only by writing a 0 into
it.
This hit iz read Swrite.
I ESC ECS iz the output of the internal RC clack {(approa-
{Taternal Clock) imately 10 kHz). This bit is read anly,
z Rescrved Read only
1 ICIR When easerted, this bit indicates that the In Data Silo is
({In Compasite reddy to acoept data.
Input Reudy)
Thiz bit is read only.
4 OCOR When asserted, this bit indicates that deta is ready at the
(Out Compaosite output of the Out Data Silo,
Cutput Ready)
This bit is read anly.
& SI %1 is the serial input data from the modeam.
{Serial Inpul)
This hit 15 read anly,
G QI QI is (ke leust significant bit of the Recgiver CRC
(Cuotient Inj register.
Thiz bit iz read only.
! (0 QO is the least significant bit ol the CRC repister,
{Quotient Our}
This bit i read only.
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APPENDIX A
FDFP-11 MEMORY ORGANIZATION
AND ADDRESSING CONVENTIONS

The PDF-11 memory is organized in |6-bit words constating of two 3-bit bytes, Each byle is address-
able und has its own address location; low bytes are sven numbered and high bytes are odd numbered.
Words ure addressed at even numbered locations only and the high (odd) byte of the word is 2utomut-
ically included ta provide a 16-bit word. Therefors, consecutive words are found in even numbered
addresses. A byle aperation addresses an odd or even location to select an B-bil Byte.

The Unibus address word containg 1% bits identified as A{17:00), Eighteen bits provide the capahility
of addressing 256K memory locations, each of which ia an B-bit byte, This also represents 1285 16-hit
wards. Tn this discussion, the multiplier K equals 1024, so (hat 256K tepresents 262,144 locations and
133K represents 131,072 locations. The maximum memory size can be used only by a PDP-1 | process-
of with & memory management unic that utilizes all 13 address bits. Without this unit, the processor
pravides 16 address bits, which limits the maximum memory size to 64K (65,536) bytes or 32K [32,768)
wirds,

Figure A-1 shows the organization for the maximum memory size of 256K bytes, In the hinary aystem,
I8 bits can specify 2'* or 262,144 (256K ) locations. The octai numbering system is used to designute the

address. This provides convenience in canverting the address w the binary system that the processar
uses us shown below,

The highest ¥K address locations (760000-77777) are reserved for internal general registers und per-
ipheral devices. Thers is no physical memory for these addresses: only the numbers are reserved. As o

reault, programmable memory locations cannat he agsigned in this area; therefare, the user has 4%
bvtes oF 24K words to program.

A PIDP-11 processor withoul the momory management unit provides |6 address bits that specify 219 ar
63,536 (64K} locations (Figure A-2), The maximum memory size 15 65, 536 (54K) byles or 32,768 (32K)
words. Logic in the processor forces address bits A(L7:16) to 15 if bits A{15:137 are all ls when the
processar is master 1o allow peneration of addresses in the reserved area with ooly 16-bir contral.

1 L] '+ 14 1.1 T 11 .11} ] E i E E i | 2 1 0 GRNEEDS HIT
L] & 1 i n 1 ] 1 1 1 1 1 L] n u a L] 1 u BNANT
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Bil 13 becomes 2 1 first at octal 160000, which is decimal 57,344 { 56K, This is the beginning of the last
4K bytes of the 64K byte memory, The processor converts bocations 160000-177777 1o 160000-777777,
which relocates these last 8K hytes (4K words) to the highest locations accessible by the bus, These are
the lacations that are reserved for internal general register and peripheral device addressss; therefare,
the user has 57344 (56K) bytes or 28 672 (2BK) words 1o program,

Memory capacilies of 56K bytea (28K words} or under do not have the problem of interfercnce with
the reserved area, becanse designations Jess than 160008 de not have o binary 1 in bit A13, No address-
&5 are converted and there is na possibility of physesl memory locations interfering with the Teserved
AQECE,

PDP-11 corc memaries are available in 4K or 8K increments. The highest location of various sire core
memories 15 shown below,

Memory Size Higheat Location

K-Words K-Bytes (Ootal}
4 " arrrny

g LG Qe

12 il | 51T

16 32 0TI

20 4 1M

24 48 13rm

24 S0 PETT
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LISER'S MANLAL

EX-DMHCMP-WM-007

Your comisents and suggesiions will help oy i our continoons effort to improve the quality and nsefulness of
pur pablcatons,

What i vour general rescbon to this manial? In your judgment is it complete, accurate, well organized, wetl
wratten, efc.T Is it easy 1o use?
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