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IMP11-B ARPANET INTERFACE

GENERAL DESCRIPTION:

The IMPl1l-B is a microprocessor controlled interface which
provides a full duplex serial connection between a PDPll Computer
System and the Interface Message Processor (IMP) of the Advanced
Research Project Agency Network (ARPANET). The IMP is the
communications processor that interfaces the Host Computer to the
ARPANET. The IMP1l1-B ARPANET INTERFACE allows the PDPll user,
with the addition of appropriate software, to communicate with
other Host machines on the ARPANET. The IMPll1-B will support
both the local (430 ft.) distant (£ 2000 ft.) host operation of
ARPANET IMP interface.

FEATURES:

* Compact design - 2-Hex size SPC modules plus a rack mounted
indicator and cable connection panel.

* Microprocessor based (KMCll).
* Full duplex operation.

* 16 bit UNIBUS NPR transfers.
* Indicator Panel.

* Switch selectable for either the IMP's local or distant
interface.

* Static and dynamic diagnostic software and ARPANET test
program.

OPERATION:

. The IMP11-B logic consists of two modules, a KMCll-A
microprocessor module and a line termination module. To
initialize the IMP11-B, the PDPl1l operating software loads the
Digital supplied firmware code into the KMCll. Once this
firmware is loaded and started, the IMPll-B is operational.

A user program issues a command to the IMP1l1-B by loading the
command in the pertinent KMCll Control and Status registers
(CSR's). The firmware in the KMCll then interprets the command
and performs the specified action. Similarly, the IMPl11-B issues
a status to the user program by setting the status bits in the
pertinent CSR's and interrupting the user program.

Message data buffers which the KMCll fetches are setup thru the
use of input and output buffer descriptor lists residing in PDP1l1l
memory. The IMPll-B then proceeds to fill or empty the data
buffers with data.
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The IMPll-B transmits and receives full duplex serial data from
the IMP processor according to the "Report Number 1822" Four Way
Handshake. Serial bit data is assembled into 8 bit bytes in the
line termination module, and bytes are packed into 16 bit words
for transfer to and from PDPll memory. An important feature is
the IMPll1-B's ability to handle non-octet sized data buffers, and
then passed as a 16 bit word from the KMCll to the PDPll.

SPECIFICATIONS:

Mechanical:

Logic Mounting Space: 2 adjacent Hex SPC slots in a
DD11-B,C,or D. When mounting in a
DD11-B or C, the Line Unit module
can reside in slot 1,2,3,0r 4. The
KMC1ll module must be mounted in slots 2
or 3 only.

Panel Mounting Space: Cabinet Space 5 1/4" high x 19" wide.
Cable access clearance must be made
available to the rear of the panel.

Electrical:

Input Power: +5 VDC @ 6 Amps

(Both Modules) -15 VvDC @ .2 Amp
+15 VCD @ .1 Amp

Cabling: A 10 foot cable between logic and the
indicator/cable termination panel is
supplied as well as all internal
cables. The local and distance IMP
Host Cable connectors for the IMPl1l1l-B
cable end are supplied. The Customer
shall provide connectors for the
Arpanet IMP side and assemble the
desired length cable.

Environmental:

Operating Temperature: +10 to 40 degrees celsius
Humidity: 10 to 90%

Operational:

Transfer Mode: Full duplex NPR (DMA)
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Unibus Load: 1 Bus load

Signaling: Bit asynchronous complies with
specification in the Bolt, Beranek, and
Newman "Report Number 1822", Four Way
Handshake, local or distant interface.

Data Rate: 330K bits/sec nominal, full duplex with
25 foot cable. Rate decreases as longer
cable distance between IMP11-B and IMP
are implemented.

WHO CAN JOIN ARPANET?

ARPANET is a network of computer systems administered by the Advanced Researc
Government Department of Defense.

U.S. government agencies may request membership in ARPANET by
applying to: Director, Defense Communications Agency, 8th and S.
Courthouse road, Arlington, VA 22204. ©Non-US government

activites may also apply provided they are sponsored by a U.S.
government activity.

INFORMATION AVAILABILITY:

Further information may be obtained from your nearest Digital
Sales Office.

/sk
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IMP DATA FORMAT

1 (1 - 32) 32
IMP11-B BYTES (8 BITS)
7 g |15 8 7 '] 15 8
BYTE 1 BYTE 2 BYTE 3 BYTE 4
PDP11 WORD 1 PDP11 WORD 2
STARTING BIT LAST BIT

IMP11-B/IMP DATA BIT MAP




5 4 3 2 1 g
TX  BUF g
TX  BUF 1
igéT TX ERR|TX CLR
BT CLR |STATUS
HOST |RX CIR
RDY. |STATUS
GET
™M
WORD
LINE UNIT DATA IN REGISTER
_5 4 3 2 1 g
iggr TX ERR | TX CLR
BT CIR | STATUS
IMP REN | BUFFER
NOT IMP11| pyorey
RDY RIT
BUF g
BUF 1
HOST | RX CIR
RDY. | STATUS
i?gﬁ END OF | DATA
e MSG. | AVATL.

R1¢
R11
R12
R13
R14
R15
R16

R17

R1g
R11
R12
R13

R14

R15 .

R16

R17



BoL & !
BUFFER. ADR. # I z\
(BF15 EXT ADR (1116 BUFFER I
wel S
@ STATLS J b
BUFFER ADR &2
L&f&’) BEXT ADR ‘7"‘ BW 2
G2 |
(72 STATUS
JoBbL - -~
Teem  ~| (odd Me) | _TermiAaTion
wp
MAINT uP INPYT ONTL SEL O
uP OUTPUT CONTL SEL 2
SeL 4
seL b

PDF 11 MEMORY

Bba ADL:

BFI1:

BFZ.

BDL# I

30L #2

BUFFER. |
wcl

BUOFFE #2
wez

BDL (BUFFER DiscreToR. LIST )

OVERYIEW



ﬂﬂﬁﬂﬂﬂﬂ Technical Bulletin

Page 1 of 1

Product: DC349-AA Number: 4 Date: 04-0CT-1984
Author: Dave Stanley

Description: This bulletin pertains only to designs incorporating the Data Set
Change Register. Disregard if not using the Data Set Change Register.

1. Change in AC Specification Section

DL<7:0> valid data in >
tDSU

Set-up of valid DL<7:0> to the falling (leading) edge of DS1 and DS2.
tDSU (min) = Ons

All other AC parameters remain unaffected.

2. Addition to Data Set Change Summary Register description

To insure proper operation of the Data Set Change Summary Register, it is
specified in the data sheet that programs should read and save a copy of its
contents. The copy should then be written back to clear the bits that were set:.
What the data sheet does not specify is that the write-back should follow the
read without intervening reads or writes to other registers in the chip. It i:
recommended that system interrupts be disabled before reading and writing the
Data Set Change Summary Register so that the write-back can be guaranteed to
follow the read without being interrupted.

Digital Equipment Corp. Microcomponents Group, 77 Reed Rd. Hudson Mass, 01749
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CHAPTER 1

INTRODUCTION

1.1 GENERAL DESCRIPTION

The IMP11-8 Interface, a second generatiocn IMPll1-A Interface,
‘prowides a direct serial connecticn between & PDP1l computer
systém and the Interface Message Processor (IMF) used to connect
Host <computers to the Advanced Research Projects Agency (ARPA)
network, This UNIBUS cption allcws the user (witn addition of
appropriate software) <to communicate via the ARPA network with
other Host systems. The option has provisions for connecting to
the IMP's Local or Distant Host Interface. :

The IMP11-8 is a microprocessor (KMCil=i) based serial line unit
intertace comprised o¢f <tw0o hex modules (MR204 and M8240). The
two Mmocdules c¢an be mounted in any t#0 adjacent hex SPC slots
(example: middle two slots in a £four slot DD1l=E) ana are
connected by & short flat cacle, The 48240 is & line termination
unit module which <contains the <Jdriver/receivers and shift
registers that connect tg the IMP Hest Interface, The M2204 is a
KMCl1l=A micropreocessor which controls the M8240 and UNIBUS DMA
transfers. See Figure i=1. :

UNIBUS - -7
|
I F’"""‘;“"""“""“‘“l { LOCAL
PDP11 : M8204 MB8240 ; i OR
cyord | 1| v procEssoR | |rixz unrr &3 PFRTENT
E I | |INTERFACE
DDi-B J |
T | TiP

Figure 1=t L ‘
IMP11-B Block Diagranm — e — e

-
1
1
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l
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|
!
n
|
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1.2 OPERATION

The 1MP1i-B {s controlled by a KHMCil=-A microprocessor. To
initialize the unit, the PDP11 operating software must load the
KMC11=-A with a set of supplied firmware (microcode), Once this
firmsare is loaded and started, the KMC11-A/K8240 line unit is
operational.

The KMC11=A microprocessor executes from a 1K writeable <control
store (firmware store) and iK byte data store., It controls both
full duplex DMA UNIBUS transfers and a full duplex 8 bit data
port to the MB8240 line unit. The KMCl1i~-A moves data between the
M8240 line unit and PDPii memory according to the word count (14
"bits) and bus address (18 bits = 128K range) set up by the 4 user
accessible KMCll-A UNIBUS registers, Error handling and command
information is also passed thru these registers, DMA block
transfers can be 16K (16 bit words) 1long, however, it  is
recommended that block transfers be limited to the maximum IMP
message length (8096 pits). Tnese blocks may be chained; up to
8 transmit and 8 receive buffer addresses may be stored by the
KMCII"A.

The M8240 line unit drives and receives full duplex data from the
Host 1lnterface. Data 1is received serially from the IKP processor
according to the 1822 Report Four #way Hendshake andé assembled
into a 16 bit register. The 16 bit data word is presented to the
KMC11=-A data port as two eight bit bytes. Line status <from the
Host Interface is also passed to the KMC1li-A via this data port,
Data transmitted to the Host Interface is passed as two eight bit
bytes to the M8240, The two bytes are serialized one at a time
and transmitted to the Host Interface according tc the 1822
Report Defined Four way handshake,

1.3 SPECIFICATIONS*
a., - Mechanical

Mounting Space Two adjacent hex SPC slots in an
Prerequisite HS60=DH expander box or BAl1-K box

Dimensions M8204 B.5 X 17.0 inches (HEX)
MB8240 B.5 X 17.0 inches (HEX)
Weight 10 lbs. (Approx.)

vb. Electrical

Input Power +5VDC45% 4,0 Amp
-15vVDC15% 0.1 Amp
+15VDC45S% 0.1 Amp

* Specitications are subject to change without notice.
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MB8240 +5VDC5% 4.0 Amp
-15VDC5% 0.1 Amp
+15VDC45% 0.1 Amp

Power supplied by regulated system unit power supplies,

Logic

TIL levels, x£6VDC levels

C. Operational

Transfer Mcde Full Duplex, NPR (DMA)

UNIBUS Load One (KMC11=-A=ONE, M8240~-None)

Data Rate** 360,000 bits/sec nominal, full
duplex (Dependent on IMP Host
Interface)

Signaling Bit asynchronous = 1822

Report Four vway Handshake

Cabling Catle terminator supplied Customer

must supply = IMP Host Cable,

1.4 PHYSICAL DESCRIPTION

The IMP-

B nardware as supplied consists of the following:

48204 (KMC1l=A microprocessor)
48240 (I1MP Line Terminator Unit)
BCOBR=01 (xB8204 to MB240 Cable)
Inticator/Conﬁector Cable

IMP = Host Cable Terminator

Interconnect Cable (M8240 to panel Cable)

The 1MP11=B software as supplied will consists of the following:

1.
2.

3.

MB204 Firmware
IMP11=-B Diagnostic

IMPl1-B (Host to IMP) Test Software

. ¥¥Data rate is based on local interface (25 foot cable);

rates

interface pecause of cable delays.

Data

will decrease over longer caples when using distant



CHAPTER 2

INSTALLATION

2,1 SITE CONSIDERATIONS

The IMPiie-g consists of  two hex height modules, an
indicator/catle panel, anada four Jinterconnecting cables. The
PDP11i system must supply the following:

1. Mounting space for two hex height modules with UNIBUS
access for the KMCii-=A nmodule. R

2. Mounting space for a 5 '1/4 inch by 19 inch panel.
Provision must be made to allow access to the rear of
the panel for cable insertion.

3., Powxer for the mbdules.

4, Adeguate cooling for the moduies.

5. HDR jumper must be removed from the slot that the
KMC11-A resides. (Remove CAl to CB1l)

6. Adeguate Bus loading.

2.1.1 Module Mounting Space

The two modules KMCIi=-A (M8204) and the Line Unit (M8240) module
m3y  be mounted in & DD!li-B system unit or DD11~DF system unit.,
The KMC11=-A must bPpe mounted Iin one of the hex SPC (small
peripheral control) mounting slots., The Line Unit module should
be mounted in the next adjacent slot, v



Page 2=2

2.1.2 Panel Module Space

The indicator/cable panel is a 5§ 1/4 by 49 inch unit and can be
mounted to the rails of the standard HY960 cabinet, 1t should be
mounted in tne sare capinet as the hex modules and close enough
to them so that the 8 foot BCO6R=08 catles can connect the panel
to the Line Unit module (M8240). Also, keep in mind that the
indicators should be easily viewed by the operator. Adequate
space snhould be provided pbpehind the panel to allow the connect of
the Line Unit caples and the IMP cable.

‘2.1.3 Power For The Modules (See Section 1.3)

The KMC11=-A (18204) derives its power from the SPC slot (+5, =15,
and ground).

LINE LHIT

The Line Unit (#8204) derives 1its power from the SPC slot
(bD11i=-B, OD11=-DF, or eqguivalent)., It reguires +5V, =15, and
ground, The +5V is teken from pin A2 of each slot (A, B, C, D,
E, F) and the grounag is brought on to the mocdule from pin C2 of
each slot (A, B, C, D, E, F), The =15V is brought in only on pin
B2 in slot C. If there is no =15V on pin Ck2, then =15V must be
jumperead to this pin, Generally pin CB2 is reserved for =15V,
The =15V is used ¢to provide power to the Line Unit’s distant
logic,

NOTE

“ake sure that CB2 is not used
pefore jumping =15V to it,
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2.1.4 Adequate Cooling

Generaily adequate cooling is provided in a PDP1! CPU box or in
an expander box, Ensure that there is nothing blocking the flow
of air across the two modules. Consult vyou PDPl11 installation

manual.

2.1.5 NPR Jumpter

The NPR Non Processor Request jumper (CAl to CB1l) must be removed
shen the KMCll=A {s installed. The KMCil-A has logic that

arbitrates the NPR‘s on the UNIBUS.

2.1.6 Adeguate Bus Loading

There must be room to add two UNIBUS loads ontoc the UNIBUS.

2.2 INTERCONNECTIONS
2.2.1 M8204 To M8240

The KMCl1=-A (M8204) 1s connected to the Line Unit (¥8240) with a
1 foot BCO8S-01, 40 pin flat caple, J4 of the M8240, located
next to the hanadle approximately 3 1/2 inches from the bottom of
the module, is connected to J!l of the 8204 module, which has the
same placement, The BC08S=0! shouléd pe. folded over £from one
module to the other, See Figure 2-2. 1This cable {s usec to line

the KMCil-3A to the Line Unit.

AL LT TN SRR I

Figure 2-2
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2.2.2 18240 To Indicator/cable Panel

There are three cables used to connect the M8240 Line Unit module
to the indicator/cable panel, Two of the cables, BCO6R=-08’s, are
used to connect the IMP output connector to the driver/receivers
on the MB8240 Line Unit Module, The third flat cable is used to
connect the M8240 indicator drivers to the indicator panel. This
cable also supplies the power to the panel,

2.2.3 1Initial Power Up Check

" Make sure there are no direct shorts of the power pins to ground.
1f there are, remove the modules M8204 and isoclate and remove the
shorting condition.

2.2.4 IMP To 1IMP11=E Connection

The IMP (Information Message Processor) 1is connected to the
I4P11=-B's indicator/carle panel with a customer supplied cable.
There are two different cables; one supports the IMP’s local
interface (30 ft. max) and the other supports the IMP’s distant
interface (2000 f£t., maXele. Both <c¢ables plug 1into the same
connector on the 1MP1l=B although different pins are used. See
Table 2«1 for cabcle pin out,

NOTE

Do not connect the IMP cable to the
IMPl1=-B until the 1IMP11=-B has been
checked out with its maintenance
plug,

2.2.5 1IMP11-B Maintenance Plug

The maintenance plug for the IMP11-B is used to loop signals to
the IMP back 1into the IMP11-B, This allows the diagnostics to
test out the IMPI11-B logic without an IMP connected.,

2.3 GKOUNDING

Ensure that the DDii-B or eguivalent system unit is grounded +to
the cabinet and that . the whole system ground is adeqguately
grounded to earth ground. Consult the PDP11  installation guide
for system grounding,
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2.4 SwWITCH SETTING

There are a number of switches to set. in order to run the
i¥P11i-B8, ‘

2.4.1 KMC1l~A Address Switches

The device address or UNIBUS address of the IMP11-B is determined
by setting tne KMCll~A to the desired UNIBUS address. The
possiole range of addresses that the KMCl1+«A can be set to s
760000 to 777770, However, the address should be limited to the
floating adcress space 760010 to 764000 or the 1MP=-11A addresses
(772410 to 772430). Switches 1-10, located on E113 on the M8204,
is used to set the address., The switches correspond to the
following address bits:

10 9 8 7 6 5 4 3 2 1 Switch #°'s
12 11 10 9 8 7 6 S 4 3 Address Bits

The switch in tne off (cpen) position produces a logical 0-on the
UNIBUS.

2.4.2 KMC11-A Vector Switches

The tase Vector address of the IMP11-B is determined by setting
the RKRMCll-A's Vector address switches. The possible range of
addresses is 000 to 770. However, these addresses should be
limited to the floating Vector address range (300 to 770)., The
agdresses 500 = 534 are reserved. The DIP SWITCH located in E76
is used to select the vector address, The switches correspond to
the follecwing address pits:

6 5 4 3 2 1 Switch #°s
8 7 6 ) 4 3 Vector Address Bit

An off switch (open) cprresponds to a logical ¢ on the UNIBUS,

2.4.3 Line Unit Driver/Receiver Select

The line unit (M8240) is capable of supporting local and distant
IMP operations. Switch S1 will enaple the proper set of
driver/receivers. S1 off will enable the local logic.
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2.5 FIELD CHECKOUT PROCEDURE

The flled checkout procedure requires the testing of the IMP11=B

with the
Follow the procedure below:

plug.

1.

4.

two diagnostics (static and dynamic) and maintenance

Mount the modules and panel in the available space as
outlined in Section 2.1. Make sure that jumper CA1l to
CB1 is removed from the SPC slot that the KMC1l1l=-A
resides, :

Ensure that the power is supplied to the pins as
described in Section 2.1.3.

Install the capling to the Indicator Panel and Line Unit
module.

Set up the KMC1l1l=-A to the desired address (address the
system software expects the IMP1l1-B to have). 1f this
intormation is not available, set up the KMC11i-A for an
address of 160110 (8) and a vector of 300, See KMCii=-A
maintenance manual for the address set up.

Power up the system and run the following KMCil-A stand
alone disgnostics:

MAINDEC=11=-DZKCA
MAINDEC=11=-DZKCC
MAINDEC=11-DZKCD

Having successfully run these three diagnostics, connect
the K#WCIil=A to the line unit via the BC0&S=-01 cable and
install the maintenance plug to the indicator/caole
panel. Run the IMPl1~B static diagnostic error free,

Having run the static diagnostics error free, run  the
dynamic diagnostic error free. Run the diagnostic in
the local and distant modes by switching Si.

At this point, the logic has been verified in the loop aroung

Mode,

The logic is now ready to test with the IMP,



CHAPTER 3

OPERATIUN AND PROGRAMMING

3,1 CONTROLS/SwWITCHES

There are three sets of switches to set up for operation of  the
IMPII-B. '

1. Device Address
2. Vector Address
3. Line Unit Local/Distant Select

The Device Address is selected py setting up the switches in DIP
E113 on the M8204 KMC1l=-A module, The address range should bpe
kept to the floating address space 760010 to 764000, See Section
2.4.,1 for set up. :

The Vector Address is selected by setting up tne switches on the
DIP E76 on the 48204 module, The vector range should be limited
to the floating vector space (300 to 770, excluding 500 to 534),
See Section 2.4.2 for set up.

The Local/Distant select switch is used to enable the
driver/receiver 1logic to support local or distant operations.
The 1MP unit will nave eitner & -local or distant Host intertace
and the Line Unit must be set up to match this interface. Switch
S1 on the M8240 module selects local or distant mode operation,
See Section 2.4.3 for switch settings.

3.2 INDICATOR PANEL

The LED indicator panel 1is used to indicate the major status of
the IMP11=-8 logic., It is useful in that it can ingicate activity
is occurring or a particular: part of the lcgic {is set. It
obviously can‘t be used to give quantitative cates, as the speeds
at which things occur are too tast for the eye to register,



KMC11 RUN

TX BUFFER
EMPTY

TX RFN
I¥P11 BIT
X TY
IMpll EBIT

TX LAST
Idpll BT

RX DATA
AVAIL

RX. RFN
I4p BIT
RX T¥Y.
IMP1l BIT

RX LAST
IMP BIT

Page
3.2.1  Indicators
INDICATOR FUNCTION - ' . .
1P LIKE This indicator reflects the state of the
ERR IMP LINE ERR FLOP, when this light
is on, it records that the IMP ready
line has be dropped,
HOST RDY This indicator indicates that the
IMPl11i-B is one line, and that the
IMPl1-B relay is energized.
- IMP RDY This indicator 1is uséd to show that

the IMP is on line,

This bit is used to indicate that the
KMC11=A micro code is running.

This indicator shoss that the Line Unit
is arle to accept a 16 pbit word
from the KMCii=A,

This indicator shows the state of the
IMP‘’s Ready Eor Lext Bit line,

This indicator shows the state of
tne‘IMPllratsaineres Your Rit

~line,

This indicator reflects the IMP11-B‘s
Last Bit line, This line is true
once during a 1& bit word and not
during every 16 bit word,

This indicator indicates that the line unit
has assemtled & 16 bit word from

the IMP and is ready for the kKMCll-A

to read, ‘

This indicator indicates that the IMP1i=B
is ready to accept a bit from the IMP.

This indicator shows the state ¢of the
IMP11-B's There’s Your Bit line,

This indicator reflects the state of the
IMP’s Last Bit Line,

3=-2



343 Sidley uUFERATION

Uperacicn ¢of tne [oPll=g rmicCroproc ram is initviated. and directed
DY @ Jsel=produced &IO«ru resicing in tne main CPU memory smpace,
Commun1Catxon retaeen  tne user proaram and the IMPLI=B  is
grovices ¢y a3 set ¢f ftour control ana status registers (CSKR's),
whichn are intearai to tre KFC=11 MmICIOpPIoOcCessor. Tnese four
lc'"it resisters are usea for corntrol input, status ocutput, and
dat inwvut  and outpudt,. The firmware within the KMC=11
wxcz,h.VCCasor is suvplliew ana  supported wpy DeC. No otner
VErsion o1 tne firasare is supuorted, '

Ine t+2 ics ovtes in tne first tso registers in tnis aroup have a
fixeg tormat adna serve 3s the corrand heager tor tnhe secona two
registers. ine second ts0 regirsters form a8 tao=woOrd gdgata port
for tne  exchanse  of uniaue control/status commancs between the
IxCll=r~ ano Lhe uUser grouram. The contents of the gata port are
specified ©v an  lilaentification fileld 1in the command header.
Jtner speclitic fields in tne two=-s0rd command -header control
interraot enacliny ana Set up data transters petween the main CrvuU
anra tne 14rli=%, fne second oyte of tne first worc 1s used to
COﬂtair 4 special command 1ssuea by the user gperodram for

inrlesentind microprocessor start, nalt  and iritializstion.
Jatc;l?} gescriptions o eacn fiela 1n these four words are
presentes i Sections 3.3.3 = 3.3.7

rrana Lo the i¥P1l=~b by storing  tre

{3n’s,. ine Lléwlli=f then Interprets the
syeclilies  actions., Slwilarly, the
LC tne  userl wroaranm Ly storing thne

‘Sr’'s ana pnotifying  the user prodrawm
¢ tOr retrieval And execuation.

e$$33Ie 234L3 receivea oOr transmlittec oy tne IFWPill=g  1s written
1INt  or reaa  frow NSEr prougran assiagnea pufters in main CrU
TETOIV.  loe 1eflie=d acCesses tnese puffers trnrouvor non Processor
Kequests (MER) Lo 8 Unanld acdress. A uUinleUS sacress 1s defined
88 a0 lo=ill aigress ¢or tne walin Cru memnory  locaticn abhich . nas
peen jeservea for use Ly an PRk gevice,

3,3.,1 {ernmana Structure

The tunctions of the seven i1tll~n control/statusszeata cormands
are 4€scrived 1nh tne sections thet fcllow.

3.3.1.010 LiedTIaligAaTich Covmana = the purpose of tne si1inale byte
Libiitavisstiug Cosamina 18 Lo Clear all conoltion sensitive logilc
In toe »aU=11 21CrolrICCcessor any e wiace tne processor n Lhe
Kuh  state. inls Ccousmana musl e 1ssued by Lhe user prodraim once
prior to startineg tne 1avli=k line initialization procedure.



3.3.00¢ wisk InlIlalizsticon Commang = This commana is - used  to
initialize (e line 1in eilther tre receive or transnit direction.,
A sevarite coamiarg Tust npe issued for each airection. Tnis
CGiinand nust Le 1ssuea oetore any rcutfer Descriptor Lists s#ill be
accevtea oV Lne lxPll=sa It car also serve to reset the given
directict anyv Llmeé curlng executiof,

33143 JunirUL 1IN Command = Inese commands Aare issued by tne
US€er craoisr

2% Lo force control action py thne 1HPlles,

3e5.1e3.1 SEI/RESET 1HUdT kbAbLY = Tnls commana is used to set or
clear tone nUudSI reali control olt in the 1lmell-B. This blU must
De Set in graer tor d¢ata transfers Lo occur. The HUST KEADY it
may o€ usea to signal trne otnper system that tne IMFll-p 1is reaqy
to start aats transfer,., fne clearing and resetting of tnis bit
will pe detecrea cy tne I#¢P in tne node.

3.3.103.¢ Ciskar wkEADY LIKE EFRPUR ~ kEADY LINE ERROR 18 latchegd
set wsrenever tne 1oAY aJoes not readgv. It can only ve reset by tne
USED Lroilat. Ine Choee prRADY  Lise EkrkUx  commenc cledars trie
RELOT Llor EEFEGH CContrTol pit 1f trne 14XF WUT FEAL: conwiticon hias
JOne s-43v. iué loerli@n w111 00U restart dats transfers as  long
a8 the ~facil LlIwd cHrir D2 1S S&él.

Jedeles3.s rFoUlUESD STATIS = Tnls Ccommand causes tne LsFll=¢ to
DaSSs raC< LLe Culrent state c¢f tne comirunication control lines to
the user Crecarss, ’

3.3.1.4% bpubtrier DedCrIPTUE Tw Commana = [ne user rroygram lssues
tnis conlroci  corwansd Lo ne Pell=B to assiuar a new nutfer
gescrictdr L1isU L0 the gesiqgnaten airection (receive or
trans ilil. A BUFFeER vnolKIFfitw I command points to ana aefines
only ore user oetined L1sT, AnRa Inis commang must re reoveated ror
eacn 118U wassea Lo tne i#pPll=n. ine user crogramr can assian a
maxirgsr ©r a0 lists 1y esChn Qlrection.  The ceonmans contalns tne
starting list adaoress, exupressea as an 18 pit Unibus audress.

~
[N T

3.3.1.5 cdrrek oul Conmand = lne  Loblles  1ssues tnls  control
ConnAans Lo tne Jdser proiriy «hen tne cuffer assiunec to a receive
creration 1s  termlnated, Generally, & receive pufter 1s
tersinates wnen  tnhe ocutfer 1s  tull (pyte count = zZerol). lhe
Commans cuntalns tne ls=nitl Lnysicsl aadress of the entry in  the
sutrer ovescrietor List. ire réasen for termination is expresseq

y o



as 4 siagnea octal nuacer =128 = +12/. Neqétive values represent
fajilure to terminate the tuffer successfullye.

3ed.ler ourrik 028CrivriUk QUL Commana - The 1IMPl1l-ir 1ssues this
ceontrci corrang te tne user procoraim +hen a Buffer Lescriptor List
assiunes Lo eltner receive o©or transmmit is ternminated. Tne
Conmand Conlalns the le=pit prnysical starting gooress of tnhe
purfer Lescrictor List. inhe reascn f£or termination is expressed
45 4 S$14au3€7 OCUlal nunmuer =1zs - +1247. ilregetive values represent
feilure tc teruninate tie outfer Descrictor List successtully.

3.3.0.7 Co+iwllL ubll Commancs = the 14P11~8B issues c©cne of these
command tg the rain (ru anen 1t cetects & transiiit or receive

[
error, c¢i c¢n reqauest vy tne Cri.

3.3.2 oata i1ransfer uperations

For trne Lurcoses ©Of tnis system overview, the treansmit and
recelve  ata COFPEANS  secuences descri"ed In tnis section are
Jeneral anc are weant Lo s€rve &3 DACKIrecuns for the qgetailed
cresenl2vlchs in Lhe Chnarters tist tollow,

ce = After the [(#“Fll~k microprogram
el Ly tne user program 1s tce issue
n werforms a «aj3Ter  (CLEAK  on  tne
aces Lnhe proecessor in tne run state.
1+Pll=8 1s reaoy ¢ accept the

3.dec
is 1o
are i

H ini1ilalizaticn =
€2, Lhe rirst scu:
lyﬁuic-hildw Coranc
TLCIGOIOCesser i

18 acticn corpiete,
: fror tnie Jser.
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LY
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R Line 1nitialication segsuvence = [ne user Croaram myst
ik ILT corianae tor each alrection to ne activatea,
ChuTand enavies tne  line IOr suvtseguent transtissioen. or
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ecelve/lrans«it Seauence = Lnce the USer progras has
Z€a Lne line tnircuan Lilue Iwll commanas, the lwpP=1i8 1s
CErIrOlm & receive Or transmlt aata oreration,

3¢3a243
initiai
resay t

=

Ly 3Ctoeal r&cection or rensmlssion 1s initiated chen  tnée user
PIosra™  18sues = pub ek DESCRIPIUR 1iv cowwand.wren a4 buffer 1s
883143, 1L 18 aesiynatea tor elther reception or transmission,

nrorws tne user proarax of & normal receive agaata
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ire i f=tlijo



transfer terrmination oy 1ssulnd a3 BUFFER LUL commande. The
I4b=11r terminates 3 norrael cata transter operation for one of
tw0o Ie35005% the vdtter aesigrated oy tne last buffer Uescriptor
List ertry nas reen L[llled or an kEnoa-ofe-wessaae seaquence has veen
detectre, It a reception error 1s cetectea, tne Jlvp=ilp inforns
the Gser IouraTt o tnhe errer ey 1ssulng a bUFFEER OUl  command
Coltaining tne Ccoae gesi4nating the error conadjition.

Tae 1#P1ll-c inftorss tne user proqgrsm of a@& normal completion of
cotn transsil 3and receive nufter pescriptor Lists by 1ssung a
vurfe? cralrlvidr  OUT cormiand, It certain 1lire e€r1rors are
CEeLECLE 3, e i“Fil=n returns  tne aftfected kutter Descriptor
ListTs v issulny surtErx wESCkIPTUR UUT commancs centaining tne
Coce zeslgnoellnd ThRe errecr conadition.

-a

3.3.3 Co¢amana Structure

AS wrfevlously shoasn, tne luP=-llip 1s an PR device reslding on &
FLE=il uxleousS. C(Communication ovetseen the wmaln CPU-resiaent user
PICGIA&T 4Anc LLe 14r=11ik 15 accomplisnea tnrouah a set of four
ig=cit wiinuo Contrel 132 3CUatus reglisters (CSk's). The eiglht
pytes CouellsSing Lnese four redgisters are assiagned the following
3130ress2s 1n tre  [/u ©33e  tloaUing aduress spacer TbXxx(,
ToAndii, iniaacs, fToaxx3d, joxixni, Toxxixs, ToxxXxo, anc 7oxxx7 w»1ih
L FLliTeor gy Aullresses nelnd tne fodr even-numtered locatlions.
In o so.23i031200, 3all fouar dihinls  (Cok’s are potn ryte a3 el oo
=R RO ) S ST S SLTOLD tiie  conceot of ficatinag uhleuS zaaresses,
{ie 8CL .31 ACra . &l OYUE& aqJaresses  4le  4s519ned a4l systen
Confisurstion tive.

in tris o excianatory nAarrative,  Lne s=hyte A0Aresses are
Jesiinates ninuw tnrcocgh  tokll &ng the 4=wOrdag aocresses, StuLu,
SEiés SrLi, ani > Lo. ine oyte anc  full-aora forwats tor the
Ivviime velies Cor'5, wasea on trese cesignaticns, sre suamarized
in rigure 3-1. lbege address references, 3s desianated in rilqgure
3=1, 3Te o€ p4asls for 3K aasress laentiticsaticn in  tne
toilcaing celallea cescrictions of trne IMPll=b comranas.,

Sirce tnie 1 vell=» 15 ©3asicall, zn 1nput=-output cevice, 1t tollows
Inat  UME Coraans set for Lnl1s gevice Canh pbe categorizea as input
CorIanzs  anc output COTEHANISS . As opcosea O recelveg - and
Lranstitiec  gata, r~g° corwanas are coirpandas  issued Lo tne
Leriimn ov Tne maln (PJ, cutodl COonLanas are tnose issueda to the
33 Cruory the - %;1~~ Ihe stracture and format of tne 1MPll-B
inout and odlodt comtands 4are descrived in Sections 2.4 ana 2.5
resgectivelv.



Filgure 3=-1 lePll=e Unibus register Address Fcrmat

15 | 8 7 g
BSEL1 BSELJ SELJ
BSEL3 B BSEL2 SEL2
BSEL5 BSEL4 SEL4
BSEL7 BSEL6 ' SEL6

3.3.+ C(CSa Control
Ifne [(~¥21ll=8 1s the controller of the CSrR’'s and the EDP=11 user
orcarsm  1s  only to read or «rite into tne SCIT when
gerrittea cty the [Mpll=k, A protocol must be adher Dy the
‘Jdser  o©ro3ram if It 1s to successfully lssue comman d receive
cowmanis Ltromwm the line unit. BSELO 1s the centrol
register. eszlL2 15 tpe outiul control register. The two
transter directions nave ceen svlit into dgdifferent realsters to
ayclg race conaitions and subseqguent data Loss. nosever tnere is
still a vossicility of the interrupt enacle bit peing clearec or
reset guaring certaln 1 microseccnd ~incows.

@ 0 om0
T3

(o]

[

-

3.,3.4.1 Input Control Prectecol -
‘ Fi1iure 3-:s Input Control Register - BSELC

7 6. 5 4 3 2 1 g
I T
RDYI IET RQI UNUSED ~I1/0 COMMAND TYDPE
1 L
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ol re€Zister, tOr Ufé pufFreor lw ang
irecticn ¢t cats transferrec must
tine Cuilrue I ConTancs U01S 1t 1S
ST sel the Feguyest irngol vit (elit 5
Cf the $£ zZzta pert cyltles, BStL3-7.
¢ tne setting ¢of Byl ooy 3sserving
r¢i C€f  tnEe Zata ports te the user
€L Tis€ LS5Er Cannol arite inte  tre
ossliriiity ¢t ccrrua:iow. [rie user
I seltirns =.1, eitrer continuvelly
for  Fual SEL  CF settirJ Inuut
toorvl, 1f interrwoct €nacle 1s set
an 1nterredrt VecLoring 3t AXU wnhen
user co°rouvram snculo write  all
1¢ lhe  £ata copolts. C3re must ope
pytles 35 - these c©orts are not
3 svodlicus results ey occur,
ete Lie uJgser wrcaraas ciears #QI,
¢ Lo accect Lne Coumaand,.

aram is inribited fren writinag  in



tne inout control register or -any data port until the
I+?l1l=8 croos wUIYI.

«nen rifl 1s <rocped tne incut cycle is conclete and. tne
wSer Can initilale anotnher 1nout cCcommand.

3.3.4.2 Gutcuyt Contrecl Protocol = .
viaure 3-3 uyateout Contrcl Register = BSELYZ

7 6 5

KN
W
N
—
St

RDYO | 1I=Z0 RQO UNUSED .I/0 COMMAND TYPE

1 !

Cominanp TYFE U0 = ULEF R DeSCKRIPTUR OUF
vl = CChIrCL CUTL

173 irecticn ot transter, if spceclicable
(1l = transmit; O = receive)

RoLu Set oy tne liaplli=p to indicate it nas 1issuea
an  outcut. command in the (CSk's. 1Tnis pit
myust ce clearec by tne dser program to
indicate 1t 15 cone with tne CSF intormation.

iwd Gutocut Interruct Enacle - 1if this oit has
ceen set oy the user crogram, tne settinag ot
ko0 oy the 1MPll=B 111l generate an
interruct vectoring at adi4

Ine rorwat of tne Gutcut Contrel Reglster is given in Filgure

3-3. “nen tne l1MPll-: issues an output commana it «1ll set

tre ccmmana tyge 1n tits O=«1 of BoseElL2. EBilt ¢ reflects tne

cirecticn o0f Sata transfer 1f recuirea cy the command. RDYU

(oit 7) #“ill cve set <concurrently. 1f output interrupt

enaple 15 set, tre [%P-11B «ill generate an interrurct

vectoring ar xAi.

0 Gelectlion cr RUrC tne user proqram can  take wnatever
cLlon 1s redulrec out must indicate the completion of tne
Utcdl Commanse Cy grepoling wdru.

Oﬂ. (@]




3,3.5 Bufter Descriptor List bhtrv Format

4ll buffer intormation 1s passed to tne isPll=g in thne
of butter [Cescrictor Lists. Each 1list ccnsists of an

coen=enaed series 0f entries as defineqa in Figqure 3-1,

Figure 3-4

13

guffer Descriptor List Entry Format

N

T T T T T T T T T T T

BUFFER ADDRESS

sa | sa
N+2 mECM [ 17 | 15
+ + } 3 t - + 1 - +
LN+4 WORD COUNT )
Y " -l i <. b 3 : - "
v T ’ T T T 4 T ¢ 4 R v
oN¥E STATUS (§ ON TRANSMIT)
L 1 ! ! L ! : et ! el

pUbrerR ADURESS

Q}Z

53106, 5:‘!17
LR Ju

4

RE ]

wUO<D CounT

NS

CSTATUS
cleared cvy

14911=8)

Blits U=~15 0f the 18=-bit physical &acdress
0f tne start of ouffer

bits 16=17 of the 18=cit physical aaaress
of the start of pufter

Logical end of message QoCcCurs at the end
ot this ouffer (ves = 1; no = Q)

The lengtn of tne bufter in lé=-cit ~ords (oad

byte 1s rounded up TO the next ftull w»ord)

Termination status ot transfer (snoula be

user prodram tcetore vassing on list to tne

VALUE DEFINITICN

1 4 duffer word count reacned zero

form




2 Receive EOM cetected
-4 REALY LINE ERROR
-5 Non=existent memory location

Ine last entry in tne Buffer Descriptor List must ope
followed by the 1list terminator whicn is a word containing a
‘1’ in Bit 0. :

3.3.6 Input Commands

As previously descriced, the IiP=-11B executes fcur forms of
input commands, wnhich are listed celo# in the general order
of user program lssuance:

1. INITIALZATION

2. LINE INITLALIZATION

3. CONTROL [N

4., BUFFER DESCRIPTCR IN

As a gerieral rule for input commands, the user oSrgdaram  must
execute tne PDP=~11 instruction BISE tc store cata in BSELC

and BSEL2, a MOV to store data In SEL4 and SZle, and MOvVEs
to store data in BSEL3, BSEL4, BSELS, anc z3EL7.

(V]

Ihe format and field descripticns for mmand are

each CO
detailed in the fcllowing paragracnhs. Scme tygical examples
of PDP=-11 instructicns and inscZruction secuences are
included to demonstrate the user=prcgram ceomand=issuing
Drocess. These examples are oresanted for exclanation only
and do not imply a singite netnoa ¢of 1implementation.
3.3.6.1 INITIALIZATION Command =
Figure 3-5 System Initialization (BSEL1L)
15 14 8
T T T I i
RUN MCLR
1 ] | | {
RUN when set, RUN allo«s the KMC clcck to run and

therefore execute tne firmware.
I'his bit is cleared by BUS initialization or
MASTER CLEAR ‘



MCLE MASTER CLEAF = when set} initializes poth the
KiAC and line unit ang stops tnhe K&C clock

InllLALI<ATION is trhe tirst command issued py a user prodaranm
at startup time, to initialize the r¥C-1l miCcrcprocCcessor ana
place the unit in tne run state. ine format of tne
LWL VLALLZATLON commnand 1s snown in bigure 3=5.

initializing tne ®«C=11 microcrocesscr oy the Uuser proaram
is done 1n ta0o steps. First the !asster Clear it 1s set
toliow~ed ov settinuy of tre kun bit. After settina the Run
cit, tne Jser prosaram Tust wall tor 145 pefore accessindg orne
of the cowmmnandg neagers borlU o©r ©oBdiLZ. Irhe rtecommended
netnod for setting the Haster Clear and Run blts, anda a8t the
samre time implementlnrag tihe reuulred gelay 1s to 4rite a
non=zero value into poklZ «nd walt for the Isk=~1lb to clear
the pyte peiore ¢roceedcind. Fror exawncled

MOV 540000, 8LLU :SET MASTER CLEAR bBIT
ciUVE . 8377,85kL%2 seRITE HUN=ZER0O VELUE Il ESELZ2
UV §100000,58L0 JSET RUn 21T
Ay T5IB 33kLZ sCLEARED {ET?
BlE A HESES ]
B (o) A y{ES, PRUCEED 10 E
Lidle

S>iice tne Master (lear it 1s not self=clearing, a
move insteaas of a wit set instruction is reculirec to
clearl trie master cliear coll ania set the Kun bitb.

{hese actions set tie kiUl £itl plecing the 1nkll=p in tne
operationat state, AT thls point, e uSer vrearshn Can
tealn settirad up  the 1MEll=¥  for sucsecuent operations.
SELU Bits 4 throucn 13 azre desianatec salintenance cits.
Tnese tits are used Ly loaainug, malntlenance . and 01ainoestic
routlnes ana have ne efrfect on normal [FPi1l=-8 cceratione.

3¢3.0e¢ Issuing ipecut Comrands = All input ccenmands otner
tnan LwlTIALIZE  &re 1ssuec DY & uUser prearam In tso
successive steps. in general, the first stec involves a
reauest for permission Lo 1ssue an  input cemmand and a
response oy the l1#fPli~b trnat 1t is reaay to accept tne
confand. Althougn  tne wrearanning se2auences for the first
step Jre agescrices ror tne  Lloe ILIT . commanc, trhey also
avoly o to the CunNlkul I#H ano BUFFER DESCRIPFICK 1k commanas.
Ihe seauence for the second step i1nvolves ccompleting the
comiana oy o loaolng  HSELs, SkL4, and StlLo a1th the aata
sopropriate to each commhand. Inis seauence 1s therefore



alfrerent for €acn coannand,

xitn the excection of tne first LINE INIT comirana issuec at
startuce  tine, tné user procram must cneck that the RDYI bit
148 oeen Clearea orior to 1ssulng tre next input command
(inCludgrna tne secona 4ng subseguent L1tk IWNLT commands).
[ne i.+}l=3 clears wDYI to signal tnat the last input
CoOTo4iid 18sued 3as Leen compietea. v:hen clesring kbYl, the

P Fli=z 4lsc clears all otrer olts in BSELC except the IEI1
olt. af lnstruction segquence to test tne KDYI bit can take
e forw
b isls  BotLC =
ol A srbI(l SIILL SET
¥ B sCLearbeD=1SSuUE CUMMAND

HOTE

3ince the isFtl=8 does not clear bBbSEL3, SEL4, or
stiec, tne gser pust ensure that tnese reaglisters are
Cleasrea oy executlnu a3coropriate clear instructions
or1or te 1ss84ins & comf3ang or by issuind the command
“1Tn %Uv o or &JUvk inmstructions.

1ty tre ~uyl vit Cileareo, the initial task to pe pertfcrmeaq

r is tc set tre commana igentity fielc (in hils

3 clilsS ¢ 3ana i = 1), e FYL orit, and 1t

r B ; Iel vite. ~1th the kOl pit set, the uUser
Troalar JST Lhoern w21l tor the 1XF1i=% to set FLYL,

~oa Lills Drocedure is  crodraited  cgepends o, ahether tre

state ¢r  Une  iRip rit o enatles interrupts. Tre latercy

potecel LNe C5€f LI oJrar sSettiny tne RQL oit ana the IWPll=g

T8sLCanaina oy SELUINT FLYL ca&n ranve from & wminimum of 2 us

tc & aximurm of > Ts,  SbCen using tne lel vit, tne user nas

tnree slternatlves:

ie sSet tne l-i plt TO €nacle interructs. As a4 conseauyence,
{he il-

i€ pwell=z interreocts  tne wain CPuU wnen 1t sets tne
W1l plt. e bPue=il instruction imolerentina this
slternacive can nave tne ftorm

sve #143,e8kL0 ;ST ROI, 1el, ANU INIT I'a COUER

wnen  interructed  tne uSer proudram can proceeg directily
te icas vofEL3s 3cbLd, and SELo witn the approoriate cata,

Z. Leave tne lel oit clesres ang cheCk tne state of the
sl it oy setting & tirmer ana performing a test or
CETLOrTIng 3 countlnacus Lesl locp. The form of the it
test sequence pAaseg Oon 3 timer 1s

<

Ci: 18ls  BS8EL



ine

o
L

Bl A FDITI SE1, LUAD CUMMANDG

bR t JKOYS LUT SET, KESET TIFMER AHD
PRESUNE PRFICK TASK AT B. wHEN TIMER
;GUES CFF REENTEK AT C.-

if a oit test locp 1s reauireo, the seauenée torm 1is

e TSib bBSELU
ol k. sRLYL W01 SET, BKANCH 10 E AND TEST
: FAGALN '
oR i ;Y1 SET, GO 10 D AND LUAD CUMMAND

Using this alternative, the user program clears IEI (it
set ov tne prior commandl), sets rRCL, ano tnen performs
e nhouseXxeeolng associatea it 1ssuing the current

CoOUTant. #1th  tne housekeeping done, the user program
CrieCcxs ruUil. lt #C1l iIs set, the user progran completes
tne  Ccoxnand  1ssulng  SToCess.: If not set, the user

rcuran sets le£l a&na resumes a prior task wnile awaiting
4n interrupt on kDIl set.

Ine scvantase of this =lternative is that interruct

overnead 1s substantially reduced since the [MPlled
USUSLLY Sels =UTl s1tnin a few microseconds ‘ter the
LWEEY nIouras sels  riul. Ine form of the instruction
SeLuence t(f Lnls aenoroach 1s

oiCs  sluw,b=5bLU sCLEAR IKL

SUVD .43

3,e3bELy soel RUl AnD ClUsmaRND 1D

00 nousereepning

~UTE

inere 1s a | = microsecond window  during  #nichn
e Leévll=g  Ccan ciear Ikl 1o auara ausinst
inacvertent clearing tne user prodram sculd sake
sure aurlng nousexeeplna . that 1kl 1s actually
Setl.

ISIe wé&olLe FTEST KOYI

Bl A ;COMPLETE CUMMAND

n 518  #10U,ESELY JSET IEL

5118 slo0,eScLu JUTAKE SUKRE 1E1 15 NUT CLBARED
se( & ‘ 21T LS CLEAKED = RESHET

S LASK ‘ JRESUME PRIUK TAS8K

tnstruction sesuence to complete the input command loaas
srower values intlo the data vortse. bor LINE 1WIT, this



sequence 1s

CLRB BSEL3 sNO INFO REQUIRED IN LINE INIT

CLR Stl4
CLR SEL® ~
BICB a040,BSELO> sCLEAR ROQ1
3.3.0.3 LINE INITialization Command = Figure 3=6

illustrates the format for tne LINE INIT command, which
clears out all Buffer Descriptor List pointers 1in the
indicatea direction. ©No notification of aborted buffers or
lists is sent pack to the user crogram. The command also
saves tne starting IMP state (Readv / Not Ready). One LINE
INlT command must bpe 1issued for each direction to ©bpe
activated. :

Figure 3= LIk INIT Command

1

RDYI | IEI | RQI UNUSED I/0 1 1

1

v_.._,,.w-.._.-,u i . i 7 3 g A

15

' 4 F v r ' v i T ¥ T T T T
UNUSED !

fl ] I i [l i i i L ] } [l i : [

T ¥ L} 1 L] L] L) ¥ Ls A 1 T T 13 T
UNUSED

L 1 1 1 | 1 [} 1 ] 1 ! ] ] t 1

1/ Direction to be initialized

(0 = transmit 1 = receive )

3.3.6.4 CONIKOL IN Commana - These commands &8re used for
non=-ouffer related functions.

For each CONTRGL I[N command. the low order bits of BSEL7 are
reserved for the supfunction field. The valid values are

001 Set/Reset Host Ready
Q1o Status Reguest
100 Clear Ready Line krror

BSEL® is reserved for the aata field. It is only used in
the Host Ready command.

SEL@

SEL4

SEL6



J.3.0.4.1 SET/RESET HUST REALY COMMAND <« The fcrmat of this
command is agiven in Filgure 3-7,

Figure 3-7 SET/RESET HOST READY Command

e e e e e e T 2T 7 B

T
ROYI | IEI | RQI UNUSED g a 1

i

15 . 1g 9 8
T | T A\ ¥ 3 ] T T T T \ T T 14
UNUSED
1 i i 'Y 31 1 3 £ g L
T T ] ) L b T T T - L
UNUSED g g 1 UNUSED s/cC
Iy | 4 1 1 A 1 L L i L
S/C New value of RUST READY control cit

(1 = set Q0 = clear )

3.3.0.4.2 STATUS REQUEST Command = This command causes the
IMPli~-B to issue a CONTROL OUT Returned Status command
giving current informaticn on potn receive and transmit lin
unit reagiscers. The format for this commanc is given in
Figure 3=-8.

Figure 3-8 STATUS REQUEST Commeand

. ,_j_._w"'*""'“-"“b T S - o
T : 7 g
Yy t . M
RDYI | IEI | RQI | UNUSED g g 1
1
15 1g 9 8
T f T T T T T T T T T T T T T
UNUSED
] i 1 1 I 1 i) (] L I 1
¥ T | T T T T T T Ll
UNUSED g 1 2 UNUSED
3 [ (] 1 1 1 1 1 1 L 1
3.3.6.4.3 CLEAR READY LINE ERRUR Command = This command

dttempts to <Cclear tne PREADY LINE ERRCR control bit by
setting and then clearing tne TX ERR CLEAR pit in the 1line
unit register. However, if IMP NOT READY 1is set, READY LINE
ERRJR wlll remain set. The fcrmat for tnis command is aiven
in Flaure 3-9,

SELP

SEL4

SEL6

SELP

SEL4

SEL6



Flgure 3-9 CLEAR KEADY LIWNE ERROR Command

R e e e e P S 7 L . L . H

1

ROYI | IEI | RQI UNUSED g 8 1 SELZ
i .
15 . 8

T T T v T T ¥ T T T T ¥ ] L ¥
UNUSED SEL4

i I L % i /] i 4 I Y bl

T T \J T + v T 1] T 4 T
UNUSED 1 g g UNUSED . SEL6

’ 1 1 3 1 ] 1 1 } 2 i 1

for this
t SEL4 and
ress that
List. The
t Dope #word

3.3.6.5 BUFFER DESCRIPTIUOR IW Command = The forn
command 1s presented 1in Filgure 3-10. GLiote t
Bits 2 and 3 ©of BSEL7 centalin an 18-cit UNIBUS &
is the starting address of tne Buffer Descripte
starting adaeress of a buffer Descriptor List =
aligned, i.e., On an even address boundarve.

st
ha
ad
r
s

U

Fiqure 3-10 BUFF£ZR DESCRIPIGR In Command Fcrmat

ROYI | IEI |RQI | UNUSED [1/0| 5 | #

15 11 1g
T T T T Y T ¥ T T - T T T T T T
BDL ADDRESS
L i 1 i i i 4 1 4 i 4 t
L) T ¥ 1] L 1 R 19 T T
UNUSED f? ?2 : UNUSED
3 i 1 1 2 1 ) g 1 1 ] [
1/0 This bit indicates tne transfer cirection of
the Buffer Descriptcr List ( O = transmit 1 =
receive) :
8DL ADDRESS Bits 0~-15 of the 18=pit rphvsical adress of

the start of the Buffer CDescriptor List

BAle, BAL7 Bits 16=-17 cf the 18=-tit phvysical scdress of
the start of the BDL

SELP

SEL4

SEL6



33010 wutcat Commands

Jutout cowmnands crovidge tne venicle wnereoy ~the iMplli-n
comnunicates «itn tne main CPL. The IMFli=b uses the output
conhanas to convey catecories of 1nfornation.

e sgUrtbk DESCHIPTUR ull commana is used to cost normal
G error  teriminations ¢f receive ancd transmit puffer
escriotor Lists,

l. e sdtFer out c¢ccoatrand 1s  used to rpost idinformation
concerning  the cospletion of receivea data butfers witn
cotn-ncrital and error teravinations.

3 Ine Cuilirul UUL corranc 1s usea to post bpcecth solicitea
alla unsolicitea status information.

rizules 3=-2Z2 and 3-3 1llustrate the identical rositional
corresconience cetween control ana command identity blts in
tne 1nvut and  outputl comimanag heaaers (BSELU and BSEL2,
rescvectively ). The state o1 tne IEC {output 1nterrupt
en3rle) pilt must be estaclisnec ov the uUuser prodram - curing
systeén initiaelizatich tirme., when set, this bit will cause
trie t*Fll=b to interruct tne naln CPU eacn tine an  output
cCo=idang  1s re3ady {0r retrieval oy Tne user orodram. wnen

2cées not  i1nterrupt, maK1lng the. user

Cieares, tne ihelli=b
CToular Tres.ensicle {or recoznizing tnat an cutrut commarnd
15 1€3av for retrievis,.
it iritialiZaton tine, ilnreclately after issuing the
T3iNLEnance  COMma3nu, tre user progsram must estavilsh the
state ¢f tne 1EL Ciu, I ascivion, whethey lel 1S (O ne set
or Cciearea, tne reralﬁuer of Héolkd Tust e Clearecs to ensture
tne inrtegrity of tne ntrol and Ib pits. -For exasrle,

g 100,888 L2 ;CleAk BSELZ AnD SET IERU
or

CLrB rSkue ;Cubak bSELZ2 AND 1EC
since tne seecitic state of the R0 cit 1s itwplicit 1in  thne
Jesidn Of Lne usSer ©roarar, tnis pit oust re set to tne same
stale at eacn sucseguent initialization tine, whatever the
n2gnoa  of  Cconwand recognition cnesen, the user snould pe
asare hat oceradtion in the interrupt moge 1s oy far the

ResSL erticlent «ay ot vrocessing ocutvut Commancs.



3.3.7.1 Issuinag An Cutput Coinmand = The InP1i=B issues
outpat comrands In two sters, flrst, the data pertinent to
tne command pelny issued are stored in bSEL3, SkL4, ano SEbLo
(Figure 3«1}, - DLnce tnis aata storage is complete, the
I#4pPli=13 sets the Ruty, RLYG, ana identity bpits in BSEL2
(Figqure 3-3). it reqguired, the ©Ul (/0 ©it is set to
indicate tnat the completion posted involves a receive gdata
operation or cleareao to designatera conrpletion posting for a
transmit data operation. '

with the neacer bits configurec and LEQ set, the 1MHFli-~B
then interrupts the main CPU causing the user program to
cneck tne I bits to determine the command type,

A user prouram, Jgesigned to operate in a noninterrupt noue,
nmust pe set -up to perioaically test the state of the RDYO
pit. A PDP=11 instruction sequence to perioaically test the
KDYU pit and wnen set check the 1D bits can take the

foilowing form: -
Al ISTE BSELZ s TEST RULYO RBILi.
geL B : ;CLEARED, PERFURM USER ASK AND REENTER
PAT A DURING NEXT PRRI1OU.
slib #1,B5ELZ JSET, TEST 1D BITS.
Huk  C JRETRIEVE BUFFER CESCRIFTUOR OUT CUOMMANDS
rALD PRUCESS.
oR D IRETREEVE CUNTROL, GOl Cu@MAvD. Ani
sPRUOCESS

tCr interrupt=driver Jser uvroaramns, a test of the FDYL pit
15 anrecessary  since Lhe interrupt implies tnet tne b1t 1s
set, in this case tne first user - procrsic  sction ucon
receiving  tne interrupt 18 £o test tne 1D pits to agetermine
Lme coomanag  Ltype TO e processed. It the commana 1is
as5Cce€Itained to pe 3 bUFFEr LeSCRIPIUK QU1 cowwana, the user
Lroaram can getertire shether the completion npeing postea
1nvolves 3 - Lranswit or receive data creratich oy cneckinag
the ULL 1/0 pit. For example,

Bl cobBLI3 WA, bOELS ;CneCk QU L/70 »lid
Brog F s TRanLSHLD uFerATLUN
s H G sReCrlvl UPERATLIGH

loon completina the retrieval of the pertinent commana, the
UsSer prodraT must clear RDYU Lo intorm the 1ImPFll=B tnat the
retrieval is complete. FoOor examples

BICL #200,bSELZ ;CLEAR RDYO

nUTe



l. The I#4P11=B will not respond to a user progaram
request to input a command (RCl set to ! in
BSELU) 1f an output completion is cending (RDYO
= 1),
2. The user must save all reauired information from
the 1IMPll=-B‘’s CSK's before clearing RLYO as the
IMP11l=B may alter them immediately upon
detecting RDYO clear.
3.3.7.2 BUFFER OUT Command = This command is used by the
IMPll=B to inform the user orodram that & receive puffer has
peen filled or an wend of message 1indication na&s ©been
detected and «data 1is nocw availaple for precessing. The
format for this command is given in Figure 3=1i.
Figure 3=11 BUFFER OUT Command
15 11 1g 7 - a
T T T i) T T T ‘
UNUSED RDYO IEO} RQO|{ UNUSED 1 1 3 SELZ2
$ + : = - } + t
ENTRY ADDRES SEL4
t e T : } + + + + - } t
. UNUSED ?g i ?‘2 UNUSED ‘ STATUS SEL6
1 1 1 5 1 Il 1 ] ] [ 1
ENTRY ADDRESS Bits 0-15 of the 128-pit pnysicali address of
the entrv 1in. tne puffer Descrictor List
describing tne pufter
EAlo, EAL7 Bits 16=17 of the 18=-cit phvsical acdcress of
' the BODL entry
STATUS Buffer termination status (See Section 3.3.5
for list of values)
3.3.7.3 BUFFER DESCRIPTOR QUT Command = As - previouslv
statea, this comwana 1s used by the [MPll=: to intorm the
user rprocram that a data transcer creration 1s <comclete.
Functionally, this command 1s wusea to rpost the use cof
cuffers in the list to the user vproqgram. The format for
this command is given in Ficure 3-12. ‘



Figqure 3-12 BUFFER DESCRIPTOR OUT Command
151 T lullg' T Z ¥ 'a‘—"
UNUSED RDYO| IEO| RQO| UNUSED 1/0 g g
+ t t —t + t
BDL ADDRESS
" 3 3 i 4 L 4 3 'Y
™ v 4 T A1 T ' AJ ]
B
UNUSED 12 ?2 UNUSED STATUS
1 I 1 i 1 I 8 41 1 1 ]
170 Direction associated with the Buffer
Descrirctor List (U = transmit 1t = receive)
BCOL ADDRESS Bits 0-15 of the 18=pit physical address of
the start ¢f the Buffer Descriptor List
8Alo, BALl7 Bits 16~17 of the l18=-bit phvysical address of
the start of the EBDL
STATJS Buffer Descriptor List termination status
(See Section 3.3.5 for list of values)
3.3.7.4 COnTRUL QUT Command = These commands 4are used oy
the I#Pli=» to infcrm the user orocram of the current status
cf tne line on reguest, plus anv errors or status changes
tnatl a0 not result in a cuffer completion.
3.3.7.4.1 ZIURNED STATUS = Thnis command is sent in
resconse to 4a COUNTRGOL IN Status Kkeguest command. It hands
cack intornation concerning the current 1line unit status.

Ine

unit reciscers.
3-13.

Figure
is 3iven in

inforaation 1is

passed glirectly from the IMPLl-B line
ITne format for tnhis commana 1s given in
A fyll description of each of the status pits

Section 4.2.1.

SEL2
SEL4

SEL6



Figure 3-13 RETURNED STATUS Command

15 1g 9 8 vi

a
LR L L2 R T
UNUSED g g 1 |RDYO| IEO| RQO| UNUSED g g 1 | SEL2
$ } t :
e : ™ | TX
el UNUSED | revm !m; - UNUSED : CLR | CLR | SEL4
EL3Y ' t +—t ——— 4+ ; t s
ROY ' END | DATA RX
LINE UNUSED MSG | AVATL UNUSED HOST | .1 | SELG
ERR r t L N . L 1 ! 3 1 RDY STATU.
1492 NOI RDY IMP NOT READY control line
RENB READY FOR NEXT BIT control line
BUFF EMPTI TRANSMIT BUFFER EMPTY control line

TX CLR ERROR CLEAR TRANSMIT ERROR control bit
TX CLR STATUS CLEAR TRANSMITTER STATUS control bit

RDY LINE ERR READY LINE EREUR control bit

END MSG END GF MESSAGE REACHED control bit
OATA AVAIL RECEIVE DATA AVAILABLE control pit

HOS1 RDY HOST READY control pit

rRX CLR STATUS CLEAR RECEIVER STATUé control pit

3.3.7.4.2 IMP STATE TRANSITION = This ‘command is sent
ahenever a transiticn in the IMP state is detected. The
IMPL1l=B uses tne latched LINE RDY ERR bit to tell 1if IMP NOUT
RDY nad ever occurred. since initialization or the last

time LINE RDY ERRUOR was cleared. The TX CLR 'ERROR ©bpit
set ana reset to attempt to clear the LINE RDY ERR bit.

is
If

the IMp NOT RDY state is still present, the LINE RDY ERR
w#ill remain set. If the LINE RDY ERR stays clear, a new IMP
transition has occurred and ~1ill be reported in a second IMP .

STATE TRANSITION command. The format for this command
given in Figure 3-14, '

is



Figqure 3=-14  IMP STATE [RANSITION Command

15 1g 9 8 7 A

¥ ¥ ¥ ¥ v
UNUSED g 1 g RDYO| IEO| RQO| UNUSED . g ) 1 SEL2
$ + $ $ ~ $ -
UNUSED . SEL4
t $ + + 4 4 + 4 4 t $ } 4
MP
UNUSED UNUSED SEL6
i (] ] [ 1 i STATE 1 1 1 1 1 1 1
14p STATE Ine current value of the IMP NGCT RDY pit

(1 = Not Reaay 0 = Ready)

3.3.7.4.3 LINE OVERFLOW DETECTED Command = This command 1is
sent whenever the DATA AVAIL <control bit 1is set (i.e..
receiver data 1is available) but there is no buffer in which
to store tne data. The format for this command is given in
Fiqure 3=15. The data is keot in the line unit registers so
the user program c¢an issue a3 new BUFFER DESCRIPTUR IN
(Receive) cominand and the cata will not be lost.

Fiqure 3-15 LINE OVERFLOw DETECTED Command

i e D NI S 2 e i e i H e e SO - PSSR AU S S FPS—

15 1g 9 8 7 o]
¥ 1 ¥ ¥ T
UNUSED 1 g # |RDYO| IEC|{ RQO| UNUSED g 2 1 SEL2
$ t } t -
UNUSED SEL4
+ 1 t t 1 t -+ $ -+ 4 + { } $ t
UNUSED SEL6
1 3 2 L 1 I : 1 1 1 1 1 1 1 1

st e ——————

3.3.8 Data TranSfér_Error Termination Procedures

The following section describpes the commands issued by the
IMPl1l=-8 when error conditions occur and buffers or Butter
Descriptor Lists are terminated py the IMPl1l=-B.



3.3.8,1  I1#P WUT REALY lermination = when the 1#4P  does wOT
KrALY, all transfer activity 1ls terminated. Tnis includes
the current butter, trne active putfer Lescricter List, ana
the #3lting cutfer Descrictor List in poth darections.

3.3.802  HOu=EXLISTENRT #exGeY Termination - 1If the
non-existent MEemOTY 3CCess occurreag curinag a8 receive
oceration. only Tthe afrecteag item 1S terminated. ine
current cutfer 1s terminatex 1t Lhe errcr occurs guring cata
storace. inly tne <currernt buffer Uescriptor List is
tervinatea if the error occurs guring list entry

manipulations. lransmit activity 1s not affected.

During transwit overations, all transmit orerations are

terminated, Dyuring actual cata transters, tne current
trans:it putfer ang active and welting kufter Descriptor
LLists are tertinited. 1f tne error occurs during list

manipulations, cotn tre active and wajiting transmit Buffer
Gescriptor Lists are terminated. keceive activity 1is not
affecred,

3.3.3.3 Agcitional Inforsation = It only the current vuffer
is ieina terwinated, reacrnind the eno of tre octive rufrel
escrictor L1lst alll result noa terminatlicon status ot ‘417
reaardless of the status ¢of the terminatea rutfter. )
separste BdbFtER CUT ano é?rk DESCRIPIUR UUT corasarnis
ce issueaq vy  the lﬂrll for each opuffer anc
tersilnateo.  For example, Seven COmmanas may e  issuece 1t
tre iwP HULQ READY state occur '

U‘) (I) i

i. CUnBIROL UUL = 1I#P transition te wUl KeEADY

2. DbUFFER UUI Receive = cuxregt receive cufter

3. ©UbPeR DESCRIPIUOR UUY kreceive = active receive 1i1st
Yo olUbrer DhoChiPivur UL kecelve = waltina list

5. odbttiex CRoCRIPIUR ULl iranswit = active list

e DUFFER peESCriPIUR LUl lranswmit -~ waitina list

le CUNTROL QUL = 1HP Lransitlion bacxk to RLEADY



NUTE

O BLFeERE  wdid Iransirit  command oCcurs when the
current - tr=nsalt cutfer 1is terminated. sStatuses of
lrons$mnit 4anc recelve cufters. pevond the current
vefiter «will not be urcsted if the active vutter
vescrivtor ListU 1s terminated, It is a good ioea
Ltor tne User wprogran to £1il all status pytes with
‘v’ petore cassing  therm to tne [#MPll~s to help
i1sentify seCh situations = esvecially on transmit
lists.

3.3.9 l.oorc3acx ocge

For svecial diasanostic testing, it is nelpful to remove the
inrFlli=n fTONT (he niets0rk ana Set ub a cacle to loor back all
transuittea 0a8Lta and centrol lines to tne receive porte. ALl
©3ts  +111 oze echced bacx correctly. 1he only cnanage from
ocveraticn is tne 1/2 secono aelay for HGOST ReADY to

on the receive side as LilP READY. inis 1s caused oy
aware nanaliins of  tne. control relay switchnes. A
e delay wust r©ée rvlacea 1n the user program it suach
CK oreration 1§ sttencted,



CHAPTER 4

THEORY OF OPERATION

4,1 GENERAL FUNCTIOWNAL DESCRIPTION

The I¥P11-B logic is made up of two parts, ¢the KMCill=A micro
processor and the M8240 line unit, The KMCl1=-A acts primarily as
an NPR handler and line unit controller, The 1line unit’s main
function 1is to provide level conversion for the interface and to
assemble/serialize 16 bit data.

Data from PDP11 memory is DMA'ED into the KMCi1l=A, the firmware
in the KMC11-A then moves it into two 8 bif registers in the line
unit, the line unit then shifts this 16 bit word out to the IMP
(serially), ’

Data from the IMP is received serially by the line unit, the data
is assempled into two 8 bit bytes in the line unit, the KMCIl=2A
upon detecting the availability of a 16 bit word moves the word
inte the KMCli=A KPR out registers (two. 8 bit bytes) and
generates an NPR cycle which moves the data into PDP1! memory.

4,1.1 Indicator Panel

The indicator panel serves twe functions., It contains the LED
display of tne IMPil=B status and it provides mounting hardware
for connecting the IMP device cable tc the line unit,

The indicator panel provides the operator with a visual state of
the 1IYpil=RB logic., It is made up of 14 LED indicators which are
driven from the line unit module by 7438 driver chips. The
indicator panel s connected to the M8240 module with a flat Berg
cable at J3. The operation of the 1MPii~B is not dependant upon
the indicator panel, the IMP1i1=-B <can 1run with the «cabple
disconnected from J3.

The IMF {s connected to the IMPi1=-B from the back side of the
indicator panel., A °MASSBUS®  type <connector is provided for
connecting to the IMP device cable., This connector has pin out
for both 1local and distant logic. The massbus connector {s
connected to the line unit module by two BCO6R-08 flat cables
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thru J1 and J2 of the MB8240, See the prints (IMP11-B) for
connections, The cable from J1 contain both the local and
distant driver signals and the output of the HOST RDY relay. The
cable from J2 contain the receiver lines (both local and distant)
for the M8240. The directon of the signal flow Is one way in
each of the cables, : : : _

4.2 KMCii=A MICRO PROCESSOR/NPR HANbLER

The KMC1i-A is & unibus micro processor, It is connected to any
hex height SPC slot with the jumper in CAl toCBi removed (this is
to allow the KMCil-2A to arbitrate NPR requests passing thru. 1it,
~The KMCl1i-A is used to control the line unit and to perform NPR

transfers to and from the unibus. The firmware or micro code 1is
loaded 1into the KMCil=A and started, See the KMCi11=-A manual of
loading and starting, Once thls locad has be completed, the
KMC11=-A ‘s firmware will be invisable toc the software. The
firmware will act very simular to random control 1logic, The
system software will pass commands and NPR information to the
KMC11=A and the KMCli=A will control the line unit and do the
necessary NPR cycles to store the data,
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Figure 4-1° KMCi1-A Simplified Block Diagram
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IMP DATA FORMAT

1 (L - 32) 32

IMP11-B BYTES (8 BITS)

7 g {15 8} 7 g | 1s ‘ 8
BYTE 1 BYTE 2 BYTE 3 BYTE 4
PDP1l WORD 1 PDP11 WORD 2
' STARTING BIT LAST BIT

3

IMP11-B/IMP DATA 3I

Figure 4-2
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5 4

LINE UNIT DATA OUT REGISTER

7 . 6 3 2 1 g
TX  BUF g
TX  BUF 1
iigT ™ ma|Tx o=
vy IR | STATC
HCST |RX =
ROY. |STaTis
&7
e
WORD
LINE UNIT DATA IN REGISTE
7 5 5 4 3 2 1 g
NA T TRR | T X
. IR CTR
st QR |sms
IMP REN aﬁ?z§
NOT IMPI| Doy
RDY BT™
RX BUF g
RX 3UF 1
EOST | RY CR»
ROY. | STATUS
IMP N
LINE F?Df:' *v;iL
TTRAD A5 - o .
Figure 4-3  IMP11-B/IMP Data Bit Map
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R11

R12
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4.2.1 Line Unit Control

The KMC11i=A controls the
ONLY eight bit registers.
is reflected back in the
not so, the transmit

registers are numbered R1

Page 4-6

Registers

line unit thru 6 wRITE ONLY and 8 READ

In many cases, the information written
read registers. In other cases this  {is
data registers are write onlye. The
0 thru R17 for bpoth write and read

reglsters (data out and data out). ‘This convention is used
because the register field in the KMCl1~A data I/0 instruction is
set up to define -these registers as R10 to R17. See KMC1i=A
maintenance manual for the instruction formrat.

The following is a desciption of the line unit registers:

DATA OUT REGISTER (WRITE OKNLY)

REG NAME

R10 TX BUF ©
(7=0)

R11 TX BUF 1
(7=0)

R12 ENA LAST
(4)

R12 TX ERR CLR
(1)

FUNCTION

This 8 bit register contains the low
order byte of the 16 bit PDPl1 word.
Loading this register should only be
done after buffer empty (read rec i13=-bit
0) 1s set. It should be loaded pefore
R11 (TX BUF 1) is loaced.

This 8 bit register contains the high
order byte o0f the 16 tbit PDP1l word. It
should be 1loaded only after the buffer
empty flag has set, Loading this
register <clears the buffer empty flag
and allows the line unit to start
transmitting the data (assuming that the
IMP is ready to accept the word.).

Enable last pit. This bit is used to
enable the last pit lecgic. As soon as
the current wword being transferred has
reached the 16th tit transfer the 1line
unit will raise the last it line during
the 16th bit transfer, This bit {s used
to signal to the IMP that the last bit
transferred is the 1le&st bit is the
message, This bit i{s self clering. it
should be set prior to loading R10 angd
Ri1 as the signal last bit will occur
for the next R10 and R1ii data.

This bit is write one/zero. writing a

a zero will clear the IMP line error bit
(R17 bit 4 of the cata in register) only
if the IMP not rdy pit (Ri3=bit 4 of the
data in register) is also cleared., IMP
not RDY holds IMP line error set, This
bit must be toaggled, A  one must be



R12
0)

R16
(1)

R16
(0)

R17
(0)

REG

R10

R11

R12
(4)

R12
(1)

R12
(0)

TX CLR STATUS

HOST RDY

RX CLR STATUS

GET IMP WORD

NAME

ENA LAST
BIT

TX ERR
CLR

TX CLR
STATUS

Page 4-7

written and then a zero,

This bit is write one/zero, It is used
to clear the transmit logic. It must be
toggle to a one and then reset to a
Zero, ' :

HOST READY., This bit is used by the
firmware to put the interface on 1line,
It effectively energizes a relay whicnh
the IMP monitors: a Closed relay
indicates that the IMP11-B or host is
online, This bit is write one/zero. It
is <cleared also by set RX CLR status
(R12=-BIT 0) :

This bit is used to clear the receive
logic it is write one/zero. It must be
toggled to a one and then to a zero., If
the bit is left set, it will freeze the
receive logic in the reset state,

This bit is write one only. 1t is used
to force the line unit logic to set the
ready for IMP bit 1line there by
requesting IMP dats. This bit  1is
reguired to be set each time to assemble
a 16 bit word. The logic will
autormatically assemtle the word as it
receives the the data. Once the word is
assembled, the data available bit
(R17~-bit O of the date in register) will
set indicating that & word (IMP) is
avallable for the KMCli=A to read.

DATA IN REGISTER

FUNCTION

Not Used

Not Used

This bit reflects the status ¢f the
enable last bit bpit In the data out
register.

This bit reflects the state of the TX
ERR CLR bit in the data out register.

This bit reflects the state of the TX
CLR status bit in the data out
registers, : ~



R13

(4)

R13
(1)

R13
(0)

R14

R15

R16
(1)

R16
(0)

R17
(4)

IMP NOT
RDY

RFN IMP11
BIT

BUFFER EMPTY

RX BUF 0

RX BUF 1

- HOST RDY

RX CLR STATUS

1P LINE
ERROR

Page 4-uy

IMP not ready. This bit if set
indicates that has released its relay
and = thus has gone off line, As soon as
the IMP energizes his relay this bit
will <clear after a delay of 500 ms,
this bit when set will set IMP 1line
error (R17=- bit 4 o0f the data {in
registers) and hold it set as 1long as.
IMP NOT RDY is set. Once IMP NOT RDY {is
cleared, then 1IMP 1line errcor may be
Cleared,

This bit is set by the IMP requesting a
data rit. This bit follows the 1IMP'S
YREADY FOR NEXT BIT" line .

This bit is used to indicate that the

transmit buffer is erpty and the next
word to transmit may be loaded into TX
BUF 0 and TX BUF 1. This bit is cleared
as soon  as TX BUF 1 is loaded and will
set as soon as the 16 bit word loaded is
accepted by the IMP., This bit is also
set by TX CLR status on initializing.

This register contains the low orcer
byte of the received word from the IMP,
The <¢ata In this register is not wvalid
until  the data avail bit in R17 is set,
Reading this register has no effect on
data avail,

This register contains the high oyte of
the received word €from the IMP, The
word is not valid until the data avail
flag (bit O in register 17 is set).
Reading the contents of this register
will cause the data avail flag to clear,
The contents of this recgister is set to
zeros when RX CLR status is togcled,

This bit is used to reflect the state of
HOST RDY bit in the data out registers

This bit is used to reflect the status
0f the RX CLR status bit in the data out
registers.

IMP line error. This bit is used to

indicate that the IMP NOT RDY bit has
come set at one time or is still set,
This bit will immediately set on the
settina of the IMP NOT RDY line and stay
set until cleared by tozgling the TX ERR
CLR bit in register R12. This bit will
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not clear if IMP NOT PRDY remains set,
The IMP NOT rdy condition must first be

removed,
R17 END OF MSG This bit is set on the detection of the

(1) the tit line coming true. This bit will
: come true at the same time data avall
‘able comes true even though ~the last

bit signal was detected in the middle of

the word. in loop back mode, the 1last

bit 1line will always be received during

the 16th bit time, This bit is cleared

by reading Ri15 or by toggling RX CLR

status.
R17 DATA AVAIL Data AVAILABLE, This line is used to
(0) flag the validity of the gata in R14 and

R15, To initiate a receive cycle, it is
necessary for the firrware to write a
one into bit 0 of R17. This causes the
line unit to reise the "READY FOR NEXT
IMP BIT" line and there by starting a 16
bit serial transfer, Once 16 bits have
been assembled, the line unit will set
the data avail bit to 1indicate the
completion of & transfer.

4.3 LINE UNIT MB240

The M8240 line unit module is designed to work with a KMCli=a
micro processor, It is connected to the KMCii=4 with a one foot
BC0O&S which is used to bus the KMC1li<=A output/input port to a
line unit.

The line unit contains transmit logic and receive 1logic and is
capable of supporting full dupleXx oreration. The transmit logic
is flag driven., A transfer cycle of one 16 tit wcrd 1is started
with the buffer empty bit being set (R13=bit 0) by either a reset
or the completion of a previous transfer, The I¥P processor will
raise its ready for next bit line to indicate to the line unit
that it is ready for data (RFN IMPI!l bit true). The KMCli-2
firmware on seeing that the buffer empty flop is set can initiate
a 16 bit transfer. The KMCli1-A, having retrieved a3 16 bit word
from PDP11 memory will move - that data from the In NPR data
registers (two 8 bit bytes) into the R10 and R11 data out
registers (IX BUF 0 and TX BUF 1), The loading of R1l, TX BUF 1,
will initiate the actual transfer, Loading Ril clears the buffer
empty bit and generates the signal there’s your BIT. This first
there‘s your IMP!! bit strobes the. DATA into the irp. The IMP on
receiving the data will dreop its ready for next I#Pil bit. The
IMPi1=8B (line unit) will then droep its there’s vyour IMP11 9bpit,
The IMP on seeing the dropping of the IMP11-B’S there’s your bit
will raise its ready for next IMP1l1 bit as soon as it is ready to
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accept another data bit, This handshake continues until all 16
bits are accepted by the IMP, O0Once the 16 th bit 1is accepted,-
the 1line wunit will set its buffer empty bit for the KMCii. In
the meantime the KMC11~A has gone and done another NPR cycle
fetching another 16  bit word, This word is then used for the
second transfer, The transfers will be sustained until the
KMC11=-A has exhausted 1its ' word count or encountered and error
condition (non existant memory. ' 4 -

The receive logic is initialized so that the 1line. unit’ must
reguest a 16 bit word for the IMP, The KMC11«A upon having just
read a 16 bit word will have to initiate the transfer of another
16 bit word from the IMP, This is done by raising the ready for
next IMP bit line to the IMP. The KMC11-2 on writing a one 1into
R17 bit 0, get IMP word, raises this line, The IMP on seeing
this line come true will send over the first data bit with
there’s your IMP bit line true, The line unit will strobe this
data into the RX BUF register. The line unit having accepted the
data word will drop 1its ready for next IMP bit line and the IMP
will drop its there’s your IMP bit line. This completes a bit
transfer, The 1line unit will then raise its ready for next bit
line to request another bit. the sequence continues until a 16
bit word has been assembled; after the 16th bit has been
received, the line unit will not raise its ready for next IMP bit
line. Instead, the line unit will set the data avail’able line
to indicate to the KMCli1-2A that a 16 bit word has been assembled
and 1is ready to read, The KMCl1<«A will then move the data from
RX BUFO0 and RX BUF! into the NPR out registers in the KMC11=-A and
PERFORM and npr cycle to store the data in PDP11 memory. The
transfer of data from the IMP 1is continued until the receive word
‘count stored away by the firmware has overflowed or a termination
condition is encountered (END OF MSG OR ERROR STATE).
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Figure 4-4 KMCIi~A Input Timing
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rRF,g - ! | |
® N\ el
®\// \?/@
TY8 |

- RFB=READY FOR BIT
TYB=THERE'S YOUR BIT

10-2427

?igure 4=5 Four Way Handshake
RFB COMES TRUE TO REQUEST DATA.

TY8 COMES TRUE ONLY IF RFB IS TRU . TYB STROBES DATA

WHENW IT IS TRUE.

RFB CAN GO FALSE AFTER ACCEPTING THE DATA AND WHEN TY3B
IS TRUE.

TYB CAN GO FALSE AFTER RFB GOES FALSE. AFTER TYB GQES
FALSE, THE NEXT REQUEST FOR DATA (RFB) CAN GO TRUE.
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4,4 MB8240 DRIVER AND RECEIVER LOGIC

The M8240 1line unit contains a set” of local interface
driver/receivers and a set of distant driver/recelivers. The
local interface is used to connect to an IMP local host interface
and the distant interface is used to connect to & distant IMP
host interface, The local/distant set of driver/recelivers
(interface) is selected by setting 'switch 1 on the switch pack on
the line unit., The switch is used to enable the desired set of
driver/receivers, The local set of driver/receivers are capable
of driving up to a 25 foot cable., Consult the 1822 report by
BB&N for <cable type. The distant set of driver/receivers are
capable of driving up to 2000 ft, of cable (IWP). Consult the
1822 report for cable type.

LOCAL DRIVER TYPE~- 74128
LOCAL RECEIVER TYPE=~ 8T14
DISTANT DRIVER TYPE= 75112

DISTANT RECEIVER TYPE=- 75107B

The length of the cable will adversely affect the transfer rate
due to propegation delays of the four way handshake. A good rule
of thumb to use for calculating the delay is to use 1 nanosecond
per foot of cable,



CHAPTER 5

MAINTENANCE

5.1 MAINTENANCE PHILOSOPHY

The IMP1i=-B should be diagnosed using the KMClie-A static
diagnostics and the IMP11=-B static and _dynamic diagnostics.
Failures should be isolated to a module (KMC1l=-A or 1line unit)
and the module should be replaced, Due to the multilayer and
dense boards used, field fixes may sometime do more harm {(damage
to modules) than good, so it is recommended that the mocdule be
swapped,

5.2 MAINTENANCE PLUG

A maintenance plug is supplied to allow jumping the input signals
"to the output signals, 1In this way the diagnostics can verify
correct operation of the two modules, .

5.3 DIAGNOSTIC SOFTWARE

The are two IMP11-B diagnostics. The static diagnostic
(Y¥=Z078A=A) ensures that the logic is functional. The bits in
the line unit are tested through the KMCli-=A, The dynamric
iagnostic (YM=Z2078A=B) is a reliability diagnostic, which
exercises the IMP11-B by simulating on line operation, Refer to
the diagnostic listings for proper operation.
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APPERDIX A

SHIPPING LIST



® . -

:g .
QUANTITY/ VARIATION

DIGITALEQUIPMENT CORPORATION

MAYNARD , MASSACHUSETTS s

SHIPPING LIST . v
-
. o
<" DWG NO./ PART NO. DESCRIPTION =
1 MB204 KMC11-A wuProcessor 1
2 M8240 1822 Line Unit Interface 1
3 YMEQOS59B Indicator/Cable Panel 1
4 BCO8R-01 KMC11l-A to Line Unit Cable 1
5 BCO6R-05 Flat Cable 3
6 YMEO67B Maintenance Plug 1
7 1211591-40 Customer Cable Housing 1
8 | 1211591-31 Customer Cable Terminator 2
9 1210915-15 Customer Cable Connector 2
10 YMCO078 Option Description * 1
11 | MP00339 KMC1l Print Set * 1
12 M8240-0 M8240 Print Set 1
13 DECSPEC-11-DZ@78A IMP11-B Static Diagnostic & Listing * 1
14 DECSPEC-11-D7078B IMP11-B Dynamic Diagnostic & TListing* 1
15 MAINDEC-11-DZKCA KMC11-A Diagnostic & Listing * 1
16 MAINDEC-11-DZKCC KMCl1l-A Diagnostic & LIsting * 1
17 | MAINDEC-11-DZKCD KMC11-A Diagnostic & Listing * 1

*NOTE: ONLY ONE JET WITH EACH SHIPMENT
DOCUMENT NUMBER REV.

TITLE

IMpll1-B 1822 INTERFACE

vMOCNT78R0C




APPENDIX B

IMPi1=A CABLING

INP11=B
DEVICE CABLE WIRING
(LOCAL AND DISTANT HOST)



CABLE 1

CABLE 2

IMp -« IMP11-B DIFFERENTIAL CABLE WIRING LIST

PIN
Pl~l
Pl=2
Pil=6
P1=7
Pi=11
Pi=12
Pl=16
P1=17
P1=-21
P1=22
P1=24
P1=-25
Pl=3

P2-1
P2=2
P2=6
pP2=7
P2-11
P2=-12
P2=16
P2=17
P2=-21
P2-22
P2=-24
pP2=25
pP2=3

14p -
PIN

P1=-4
P1=5
P1=9
P1-10
Pl-14
Pi=15
P1-19
P1=20
Pi=21
P1=22
P1=24
P1=25
Pi1=3

P2-4
P2=-5
P2-9
P2-10
P2=14
P2-15

DIF
DIF
DIF
DIF
DIF
DIF
DIF
DIF

DIF
DIF
DIF
DIF
DIF
DIF
DIF
DIF

SIGNAL® NAME

TY IMP1! BIT H (+)
TY IMP11 BIT L (=)
IMP11 DATA BIT H (+)
IMP11 DATA BIT L (=)
LAST IMP11 BIT H (+)
LAST IMP11 BIT L (=)
RFN IMP BIT H (+)
RFN IMP BIT L (=)
IMP11 MASTER RDY L-
I¥P11 READY TEST L
SPARE '
SPARE
SHIELD

TY IMP BIT H (+4)

TY IMP BIT L (=)
IMP DATA BIT H (+)
I1XP DATA BIT L (=)
LAST IMP BIT H (+)
LAST IMP BIT L (=)
RFN IMP11 BIT K (+)
RFN IMP11 BIT L (=)
IMP MASTER RDY L
IMP READY TEST L
SPARE

SPARE

SHIELD

IMpli-F LOCAL CABLE WIRING LIST

LOCAL
LOCAL
LCCAL

LOCAL

LOCAL

LOCAL

LOCAL

SIGNAL NAME

TY IMP1l BIT H

RTN

INP11 DATA BIT H
RTN

LAST IMP11 BIT H
RTN

RFN IMP BIT H

RTN

IMP11 MASTER RDY L
IMP11 READY TEST L
SPARE

SPARE

SHIELD

TY IMP BIT H
RTN

IMP DATA BIT H
RTN

LAST IMP BIT H
RTN



p2=19
P2~20
P2=-21
pP2=22
P2-24
P2=25
P2=3

LOCAL

RFN IMP11 BIT H
RTN

IMP MASTER RDY L
IMP READY TEST L
SPARE

SPARE

SHIELD

rage o J
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Figure B=-1
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iVP-IMPH -8 DIFFERENTIAL CABLE WIRING LIST|| IMP IMPII B LOCAL CABLE WIRING LIST
PN SGNAL NAME PIN SIGNAL NAME PIN SIGNAL NAME PIN SIGNAL NAME
it DF TY Iv21) BT W (+) P2y OIF TY ITMP BIT W (4) Pi-4 LOCAL TY TWPII BIT W FZ-4 JLOCAL TY IMP BIT H
PSSR Sy ey e “2 |TF TY Iwbu BY L (=) -2 [OF TY Tr4p BIT L (=) -8 |[RTN -5 [RIN
o Bmmy el 99 B “ |OIF IMP CATA BiT W () ~a |iocaL 1MPU OATA BIT W 79 |LOCAL 1MP DATA BIT W
-7 E -7 SIF IMP BATA BT L (=) =10 {HIN -\O [RTN
-t T - {TIF LARST IMP BT K (s) ~i4 {LOIAL LAST IMPIL BIT W -4 JLCCAL LAST IMP BIT W
b -7 f CIF ULt 10 B L (=) SIRTN
e e [TF mRG TwPn i W (<) (GCEL REN TMPLL BT W
BRI CF REN ImMPH BIT L (-) FIN
20 1w TP LAALTER ROY L 1MP MASTER ROY L
. <2z [ImP READY Ik REACY TEST L IMP READY TEST L
i VREE CPLRE . . *
t 225 [eiwRE CWARE
P23 [%ELD SHIELD
p-
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NOTES

1.

2.

3.

9.

- Page B=5

The plug housing, shell, plug mpdules, ¢rimp pins, and
hardware for one cakle are supplied, .

The plug housing (DEC PN 12-11591=02) and CAM are

specially made DEC parts; only DEC parts should be used

with the INMP11=B connector panel.

The inserts (PLUG IMODULES) are standard AMP parts as
well as the contact pins. See AMP guide,

Utﬁer types of PLUG MODULES that have square post pins
instead of Crimp type pins are available, :

Use AMP tool # 80309-1 (or equivalent) ¢to crimp PLUG
MODULE crimp pins.

Local cable should be shielded 12TWP 24 AWG.

Distant catle should be shielded 12TwP 20 AWG 110 xXxx
cacple, Use 24 AwG TwP patch cable to connect IMP11=B to
distant cable, ‘ .

Consult BBN 1822 report for more on. cable material
reguirements,

Maximum length of the Local cable should be no more than
thirty (30) feet.



APPENDIX C

SAMPLE IMP11«B FIRMWARE LOAD ROUTINE

INIMPB: MOV #FIRM,R1 :SET FIRMWARE POINTER
' CLR 2$ s SET ADDRESS TO 0
CLR @SELO :
MOV #40000,&SELO ;CLEAR
NOP '
CLR @SELO sRESET CLEAR
1s: MOV 2% ,@SEL4 ; LOAD ADDRESS
' BIS #2000, @SELO ;L. A.
Mov (Ri)+,@SEL6 ;LOAD DATA
BIS #20000,eSELO +TOGGLE CRAM WRITE
NOP '
NOP
NOP
NOP
NOP
NOP
NOP
NOP
BIC #22000,@SELO
INC 2$ 1BUMP ADDRESS
CHP 2$,%#2000 :DONE?
BNE 1s iNO
BR - INTKMC ; SKIP
2s$: 0
INTKMC: MOV #15,38 ;INITIALIZE THE FIRMWARE
' CLR @SELO
MOVB #277,@BSEL2 :THIS SHOULD BE CLEARED BY THE FIRMWARE
MOV #4000,6SELO ;SET MASTER CLEAR
MOV $100000,@SELO ;SET RUN
CLR 4s
16 ~ INCB 4s sWAIT LOOP
BNE 1s ‘ ' '
TSIB @BSEL2 :DONE?
BEQ 2$ s YES
DEC 3s s NO
BNE 1s
ERR ;s ERROR

EMSG3 ' . ;KMC11 FIRMWARE IS HUNG (LOAD ERROR)



BR INTKMC s TRY AGAIN

2s:  RTS PC JEXIT
38 0 |
451 0

#FIRM =~ First Locatjion of firmware buffer,

SELO = Location contains KMCII-A'SELO address,
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