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A 201A DATA COMMUNICATION ADAPTCR FCR THE PDP-8:
PRELIMINARY ENGINEERING DESIGN REPORT

David E. Wood

INTRODUCTION

This report discusses the design and use of equipment
built for Jata communication to and from the PDP-8 through a
201A data set. The purpose of the data comm nication inter-
face is to aliow a PDP-8 to send and receive digital data through
a 201A data set in a half-duplex mode. The 201A data set oper-
ates serially at a rate of 2000 bits per secoend, with the trans-
mit clocks supplied by the data set. In the receive mode, the
data set achieves bit synchronization, and provides a receive
clocking signal to the interface. The interface provides the
character synchronization at the start of a message and then
transfers successive characters in parallel to the PDP-8. The
interface stores and retrieves characters from the PDP-8
memory through the data-break facility, while achieving control
communication with the PDP-8 through the interrupt and pro-
grammed data transfer modes.

This report will serve as a progress report for “hose
interested in technical progress on the project, and as a
rudimentary maintenance manual for those responsible for system
maintenance in the future. Basic design objectives and deci-
sions will be described first. A brief overall system des-
cription together with a sketch of a data format scheme and
programming considerations will be followed by a detailed

description of the interface logic.



DESIGN OBJECTIVES

In order to obtain a flexible interface the following

design objectives were set forth:

1. Rigid interrupt discipline,

2. Minimal program interaction required during mes-
sage transmission.

3. Variable character length and vertical parity
calculation under program control,

4, Maximal interface status and control available
upon request.

5. Hardware implementation of character synchroniza-

tion using the ASCII SYN character,.

In order to minimize the amount of code in an inter-
rupt processor for the 201A communication interface, the in-
terface was carefully designed to give interrupts only and always
when 1 character was received or transmitted. The desire to give
the maximum time between interrupts at the minimal hardware
cost led to a decisinn to use core buffers in the PDP-8 through
the use of the data-break facility. This decision was also
made in light of the fact that several of these interfaces
were to be used on the Data Concentrator. A separate design
using 3 hardware buffer without using the data-break facility
is shown in Appendix [11.

The expected mode of operation ¢f the inierface uti-
lizes an 8-bit character without vertical parity. Experimental
evidence during the past year has indicated that vertical
pari*y, at least on local hook-ups, is not needed. The deci-
sion tu use an 8-bit character was strongly influenced by
ASCII conventions and the fact that the central computing
facility uses an 8-bit byte IBM/360 model 67 computer.

The interface depends on the PDP-8 only to the extent

that characters must be removed or placed in the core buffers,



and the interrupt processed within a character time for error-

HInh

free transnission. However, complete control and status

il

presentation is available fromr the interface if desired, to 3
the extent that the 201A data set will allow. - 4

:"‘ llmml:

SYSTEM DESCRIPTION

= The “~ur sections of the equipment for one end i a

data comuwunication link are shown in Figure 1: the PDP-8, the 3
PDP-8/201A line adaptor interface, the 201A line adaptor, and = |
the 201A modem. The POP-8 and the 201A modem will not be dis- :
cussed here. This report is concerned with the design of =f

the line adaptcr and the line adaptor interface. ]

The distinction between the line adaptor and its in-

terface is in some instances arbitrary. 1In general, however,
: the term line adaptor refers to that portion which is common 3
. to the three variations of the 201A data communications adaptor 3
- described in this report. The three variations which will be 3
;} presented are: the basic PDP-8 adaptor, th> PDP-8 adaptor
A which does not use data break, and the 201A line ~rdaptors on
%J the Data Concentrator. The P’P-8/201A line adaptor iaterface
) is hence that portion particular to the 201A communication
;z link being considered.

Unless otherwise indicated, the basic PDP-8/201A line

adaptor interface will be considered in the main body of the

report. Detajled specifications of the 201A interfaces on
. the Data Concentrator and the 201A interface without data
is break are given in Appendices [I and III respectively.
The subsystem designated by '"201A Line Adaptor Control"
in Figure 1 is specified in more detail in Figure 2. The
basic component of the 201A line adaptor is the serial-deseri- E
alizer register (SDR). This is a serial-in parallel-out or
parallel-in serial-out shift register. It accepts and trans-

mits to the 201A data set a serial data stream at 2000 bits/sec.
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On the other hand, it accepts from or transr."s to the PDP-8
characters (usually 8 bits in length) in parallel. All clock-
ing, with the exception of the data-break timing, is provided
by the 201A data set.

The PDP-8 sees the 201A line adaptor (L.A.) as two
control or status registers with all interaction being mediated
through the manipulation of bits in these 2 registers. A
detailed description of these registers as seen by the PDP-8
software is given in the next section. It is sufficient at
this point to note that these registers, along with the frame
counter, specify o the interface its state and hence the ap-
propriate action to take at any given instant.

The frame counter is that counter in the line adaptor
which determines when the corrcct number of bits have been
shifted ianto or out of the SDR register. When the frame
courter overflows, the character is data-breaked into core,
in the case of a receive operation, or a new character is
loaded into the SDR regisier from core in the case of a trans-
mit operation. At the same time, an interrupt flag is set and
the frame counter is reloaded. The L.A. then continues to as-
semble or dissassemble the next character while the proceeding
incerrupt is being processed by the PDP-8. This process is re-
peated over and over again for each character of the message.
If, however, the interrupt flag has not been cleared when the
next interrupt is generated, a Data Lost fiag is set in additio
as an error indication to the PDP-8.

When vertical parity calculation is enabled in the
L.A., the frame size is assumed to include a parity bit as the
high-order bit. The parity calculation is based on oidd parity,
and a parity error will cause only the Parity Error flag to
be set, with no other abnormal action initiotr 1 by the L.A.

The remaining function of the L.A. is to achieve character
synchronization. This is accomplished by scanning the received

data stream for a given bit pattern designated by SYN (0268).

o
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When this pattern is found, the interface is placed in what is
called the text mod2 state, and the actions described above then
take place. At the discretior of the PDP-8 software, the L.A.
can be taken out of the text mode state, with the result that
the scanning process will be resumed.

The control sequences to transmit and receive data
will be described below. The remainder of tne L.A. consists
of buffers and gates which will be described in detail in the
section on logic.

T A T R T

The PDP-8/201A line alaptor interface performs the
logical and electrical function of mating the PDP-8 and the
201A line adaptor. This entails the control of the data-
break operation between the 201A L.A. and the PDP-8, gating
necessary for programmed data transfer, and the logic required
for the interrupt control between the two devices. The details
of these operations are presented in Appendices I, II, and IIl

since they vary amcng the three systems.

PROGRAMMING AND CONTROL CONSIDERATIONS 3

The PDP-8/201A data communication interface in the
case of a standard PDP-8 with single-cycle data-break capabili-
ties is controlled by the resident PDP-8 program via three sets
of IOT instructions. The device codes for these three sets of I0Ts
must be consecutive with the first one divisible by 4.* For
example, 406, 41, ard 42 are not used on most PDP-8 installa-
tions and satisfy the requirements. Furthermore, the hard-
ware specifies (at the option of a given installation) two
locations in core to be used as receive and transmit buffers.
These locations must also be sequential with the convention
that: receive = 0 (mod2) and transmit = 1 (mod2).

After the 201A L.A. transfers a word between the
SDR register and the core buffer, the 201A L.A. will generate

an interrupt. The first set of IOTs will service the interrupt

* that is, the second octal digit is either a 0 or 4.
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as follows:

Identify Transmit Interrupt (6xxl)

This micro-instruction causes a skip if an interrupt

caused by a 201X transmit operation is pending.

Identify Receive Interrupt (6xx2)

ATHTIN (TN

This micro-instruction causes a skip if an iliterrupt

caused by a 201A receive operation is pending.

al)

Clear 201 Interrupts (6xx4)

This instruction will cause the 201A transmit and

receive interrupt flags and the character

service flag in the 201A status word to be

1
cleared. éj
The 201A L.A. has two status or control words as- %%

sociated with it., Control Word 1 is serviced hy the second
set of 10Ts and Control Word 2 by the third. (Figure 3 gives

.

the bit assignment of these control words, and their inter-
pretation is given below.) The IOTs for Control Words 1 and

2 behave identically.

SO SR W

Read (6xxl)
The contents of the specified control word is ORed
into the AC.

S

Skip Under Mask (6xx2) _ 3
The PDP-8 will skip the next instruction if any j | &

position of the AC is a one and the correspond-

ing position in the control word is a zero.

[q.m, ore
1 SO

Invert Under Mask (6xx4)

This instruction inverts (complements) each bit of
the control word for which there is a one in
the AC.
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The first status register, called Control Word 1, is
the basic 12-bit control register for the 201A L.A. It contains
the necessary status information te control the 201A data set
and L.A., and to determine its state. The second status
register, Control Word 2, is a four-bit register which contains
the modulo 16 complement of the character or frame size, not
including vertical parity. When vertical parity is enabled,

as noted above, the frame size includes a bit position for

parity even though it is only detectec and used by the hardware.

For example, in normal operation, the character size is 8 bics
with vertical parity checking and computation disabled; thus
Control Word 2 in this instance would contain 108. The
restrictions on the frame size from a hardware point of view
are that it be greater than 2*and less than or equal to 1210,
including parity.

The following definitions give the name of each bit
in Control Word 1 and its position relative to the AC along
with the prescribed effect the software should have on each
status bit. The operations available to the software (read,

clear, and invert) are indicated in parentheses.

INI' FLAG—Interrupt Flag (Clear) (ACO)

When receiving, indicates that a character has just
been placed in the receive buffer. When transmitting, it indi-
cates that a character has just been taken from the transmit
buffer and will be transmitted. An interrupt will occur only

and always in these cases.

DATA LOST—(Clear) (ACl)

Indicates that an interrupt has occurred when the INT
flag is set. This should indicate, if interrupts are processed
correctly, that overrun has occurred and hence a character has

been lost (receive) or a duplicate character sent (transmit).

*Note: The SYN <character is constrained to be 8 bits,
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PAR ERROR=-Vertical Parity Error (Clear) (AC2Z)

Indicates a vertical parity error has occurred on
the present character received. This indication will occur

only if bit AC6 is set (see description below).

REQ SEND-Request-to-Send (Read) (AC3)

This is a data set control signal which tells the
data set to produce a carrier and begin transmitting when the
clear-to-send signal comes on. This signal is generated and

cleared via transmit request in a manner described below.

XMT_ REQ-Transmit Request (Invert) (AC4)

By setting this bit, the request-to-send bit is set
if the 201A L.A. is not in the receive state. If the 201A L.A.
is actively receiving, the receive operation is terminated at
the next end-of-character indication and then the request-to-
send signal is given. If the 20l1A L.A. is actively transmit-
ting and XMT REQ is cleared, the 201A L.A. will go into the
receive idle state at the next end-of-character indication,

that is, waiting for the carrier to be detectesd from the other
end of the line.

CLR SEND—Clear-to-Send (Read) (ACS)

Indicates that sufficient time has elapsed since the
request-to-send indication was given and the line is now in
a transmit ready state. This indication is not the data set
clear-to-send signal, but an indication derived from thc¢ data

set signal which puarantees proper operation of the interface.

CHK PAR—Check Vertical Parity (Invert) (AC6)

Indicates to the 20l1A L.A. that in the receive state
vertical parity is to be checked, and in the transmit state
vertical parity is to be computed and the correct bit appended

to the character and transmitted. Vertical parity is always

HIBIAHH] SIS

ove
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computed in the 20l1A L.A., but no action is taken unless the
CHK PAR bit is set. This continual computation allows the

201A L.A. to go from non-parity operations to parity operations
within one character time.

TEXT~Text Mode (lnvert) (AC7)

In the receive state, text mode indicates that
character synchronization has been found. If the TEXT bit is
cleared while in the receive state, this tells the interface
to look for new character synchrorization. While looking for
character synchronization no interrupts will occur. The first
interrupt will oncur on the first character received follow-
ing the establishment of character synchronization.

When in the transmit state, TEXT should normally not
be altered. If the TEXT bit is cleared while transmitting,
the interface is frozen until the TEXT bit is set again.

This has the effect of transmitting continually the bit being
presented to the line at the time the TEXT bit was cleared.
During this time no interrupts will occur.

The 201A L.A. will always place the TEXT bit in the
correct state. It should be changed under p..gram control
only if the acticns described above are desired.

SET RDY-Set Ready (Read) (ACR)

Indicates that a call has been answered and that
there is a data set in the data mode at the other end of the

line. This indication drops when either party hangs up.

TERM RDY-Terminul Ready (Invert) (AC9)

Indicates to the data set that it should automati-
cally answer a call.

RING—Ringing (Read) (AC1l0)

Indicates that the data set is being called. The
indication follows the actual bell or ring signal to the

hand set.
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CAR DET—Carrier Detect (Read) (ACl1l)

Indicates that carrier is on the line. “n most cases

of normal operatirn when CLR SEND is on, it indicates that local

carrier is present, and conversely when CLR SEND is off, that
carrier is being received from the other end of the line.
Throughout the definitions above, reference was made
to the transmit and receive states. These states are defined
within the 20l1A L.A. as the logical conjunction of cervrtain
signals. That is, the 201A L.A. is in the transmit state if

and only if all the following signals are present:

a. REQ SEND
b. CLR SEND
c. SET RDY
d. TERM RDY
€. CAR DET

The 201A L.A. is in the rececive state if and only if all the

following conditions are true:

REQ SEND is not present
CLR SEND is not present
SET RDY is present
CAR DET is present

a o o P

w
[

The 201A L.A. is in the receive-idle state if and only if

the following conditions are true.

a. REQ SEND is not present
b. CLR SEND is not present
¢. SET RDY is present.
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A DATA FORMAT SCHEME

For the sake of completeness a brief sketch and dis-
cussion of a message format scheme is presented. The only
portion of this scheme which is affected by the hardware is . %
the actual SYN character. This particular scheme is presented
for exposition purposes only and is not intended to represent
the existing 201 software support. -

An inbound message has the following format: ¥

<Sync Characters><Text Characters><Terminating
Character><Two Block Check Characters>.

These characters are cefined as follows: }
.
TABLE i ]
CONTROL-CHARACTER DEFINITIONS -~ ,
A3SCII - s
NAME OCTAL HEX FUNCTION - E
ETX 003 03 End of Text 3
EOT 004 04 End of Transmission $
ENQ 005 0s Enquiry _
ACK 006 06 Positive Acknowledgment 1
NAK 025 15 Negative Acknowliedgment
SYN G26 16 Synchronous ldle ]
ETB 027 17 End of Text Block -
EOM 031 19 End of Message
PAD 377 FF Pad for Line Turnaround -
A Sync Character is the ASCII SYN character. A ;
minimum of four sync characters will be required to guarantee ;

proper character synchronization by the software. 1In the case
of long distance operation where there is echo suppression on
the telephone line a sufficient numb-:r of PAD characters must

precede the SYN characters to allow the line to settle down.

-14.
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n A Text Character may be any combination of eight bits
% which is not identical to a terminating character. The positive
- acknowledgment character, ACK, and the negative acknowledgment
é character, NAK, are consideied message characters for transmis-
sion purposes. Likewise SYN is a message character which when
? received is deleted from the message. The message may be the
= empty string, that is, no text characters.
=) A Terminating Character is any member of the follow- H

-

ing set of characters:

US4t Lp st gubpri e

{ETX,ETB,EOT,EOM,ENQ} .

it

3 Each of these terminating characters will have the effect of

. terminating the present message along with other logical im-
plications to the software.

The Block Check Characters are longitudinal parity

check characters treated as a code word in a c¢yclic code whose

generating polynomial is

x16 . x15 . x2 .1 .

Two block check characters must accompany every message.,

This format is used in a store and forward mode; that

is, the PDP-8 receiving a message across a 201A data communica-

tion link will store the incoming message. Concurrently it

will forward that message at a rate that the interrupt prccess-

. ing will bear, calculating the cyclic checksum #s it proceeds.

In general, when the terminating character is finally encountered
in this forwarding operation, the two checksums (the one actual-

ly received and the one computed)are compared. If the two match,

a positive acknowledgment ACK is returned to the sender. If a

discrepancy exists, an NAK or negative acknowledgment is re-

turned. The software determines what to do in these cases, and
this problem will not be discussed here.

iy
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An outbound message has the same format as 2n inbocund
messa_ Wwith the addition of at least one PAD character ap-

pended to the end of the message to allcw for proper "flushing"
of the communication link. The PAD characters are always
ignored in this context.

A graphical presentation of a message exchange as
viewed from the PDP-8 is shown in Figure 4. For exposition
purposes the handshake message has the form:

(SYN1) (SYN2) (TEXT CHAR) (ETX) (BCC1) (BCC2) (PAD1) (PAD2)

»

with the aclnowledgment taking the form
(SYN1} (SYN2) (ACK) (FTX) (BCC1) (BCC2} (PAD1) (PAD2)

In Figure 4, the control status is affected either by the program
(P.S.-Program Set, P.C.-Program Clear) or by the data set or
interface (D.S.-Modem Set, D.C.-Modem Clear).

VETAILED LINE ADAPTOR LOGIC

This sectios will present in detail the logical
design of the Z01A line adaptor. The logic diagrar “ollow
standard Digital Equipment Corporation conventions. A work-
ing knowledge of D.E.C!s R and W series logic is assumed
throughout this section. The remainder of the logic for
the 201A Interface is given in Appendices 1, 11, arc I{1
for cach particular version of the interface. For cuemplete-
ness, btoth the module position and pin assignment for each
circuit is indicated. All cirenits within this section :re
an the same D.L.C. 1943 wire-wrap panel. The detailed
nudule utilizationh is presented with the particular interface
in the Appendices. 1In order to allow for multiple adaptors,
as used on the Data Concentrator, the common signal names
are prefixed with a # sign. 1In a single adaptor configura-
tion the # sign is just part cf the signal name. The logic

will be prvsented as much as possible within the framework
o: Figure 2.
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Serial-Deserializer Register (Diagram 1)

This is a 12-bit register with high-order position
#SR0O0 and low-order bit #SR11. Serial data are shifted into
#SR0O0 in the receive state from the data set on the clock
signal #SHIFT. They are shifted out of #SR11 in the transmit
state into a line buffer #SDBF. Characters are strobed into
the SDR register in a data-break operation from the buffered
r:mor; buffer or the #MBSR signal. This character transfer
is simulated in the case of an intei1iace not using deta break,
a;d those details are treated in Appendix III. The operation
of character ~“ronsfer to the PDP-8 is treated in the Appendices.

Clock Gating (Diagram 2)

The 201A data set provides two clock signals, #SCRB
(receive clock) and #SCTB (transmit clock). The #SCTB clock
is always available and is used within the data set for internal
control timing. The #SCRB clock is derived from the received
data stream and is provided to sample the received data line
(#RDB). The interface selects the correct clock on the basis
of its state (transmit/receive).

SDR Pulse Gating (Diagram 3)

The control of the SDR register is primarily achieved
through the four pulse amplifiesrs (Diagram 3). To keep all
transitions occurring synchronously with the ¥CLOCK signal it
is necessary to separate the clearing of #SR00 from the re-
mainder of the register. By the use of the #FR3+ signal, the
register is cleared at the end of a transmitted character before
the next character is loaded. It is cleared at the end of a
data-break operation in the receive state via #BRKDN; and all btut
#SR00 is cleared when character synchronization is found in
the receive state. In this last case, while the remainder of
the register is cleared the first bit is read in from the line.

#MBSR loads ones into the register during a data break in the
transmit state.
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#START

mam— s IS

# BRKDN

| ___#ZROSR

, P.A. #ZERSR

K
BO7
#CLOCK l ]
W ’ M
J
#DTSY-
P.A. #MBSR
ﬂ
BOY v
# BRKDN
T
TEXMT

P.A, #SHIFT
ey
BOS u

#CLOCK

Diagram 3. SDR PULSE GATING
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Data Set Signals (b agram 4)

Diagram 4 shows the correspondence between the 201
data set connector and signal designatims of the 201A L.A.

SDR Serial Input/Output Gating (Diagram 5)

The serial input signal #F.DB from the 201A data set
is converted to standard D.E.C. levels (-3v, Ov) from E.I.A.
standard levels (+6v, -6v) (Electronic Industries Association
Standard R § 232: Interconnection of Data Terminal Equipment
with a Communications Channel). When not in the receive state,
the input to the SDR register is conditiconed (#RD+) to shift
a zero into the SDR register. The ¥LINE flip-flop determines
whether the output from the SDR register buffered via #SDBF
or a parity bit (#PTBF) is placed on the transmit data line
(#SDB). When the L.A. is in the receive state, zeros are

always placed on the #SDB line to minimize possible cross-talk.

Transmit/Receive State Gating (Diagram 6)

The XMT/REC status of the interface is specified by
the two flip-flops #XMT and #REC. The definition of these states
has been def.ned above, however, it is important to note that
the state changes are synchronized to the clock. The #RSYN

latch is used to prevent the loss of the last receive interrupt.

Control Register 2 (Diagram 7)

The second control vord as defined above contains the
modulo 16 complement of the current character length. This
value is referred to throughout the interface as the frame
size and is stored in the register ¥CFRO-#CFR3. The register
is loaded via IOT cemmands des.ribed above from the PDP-8 AC,
and read into the PDP-8 on an extension to the AC called the
EAC. The details of the EAC buss are described in Appendix I.

rwmu‘

-

L

Coosd

s s




[R—

- —

lz
|
i

-23-

D1AGRAM 4

DATA SET/INTERFACE CABLE ASS1GNMENT

Interface
Interface Data Set Connector Connector
Signal Name (CINCH DB-25-P PLUG) Signal Name (WO21MJ™)
1 AA Protective Ground o 3
7 AB Sigunal Ground C
#3DB 2 BA Transmit Data D E
#RDB 3 BB Receive Data E
#:.SB 4 CA Request to Send F
#CSDB 5 CB Clear to Send H
#SRDB 6 cc Set to Ready J 3
#TRDYB 20 CD Terminal Ready K
#R1INGB 22 CE Ring L 7
#CDETB 8 CF Carrier Detect M )
#SCTEB 24 DA Terminal Transmit N
Clock
#SCTB 15 DB Set Transmit Clock P
#SCRB 17 DD Set Receive Clock

* Special module with all pins available and ground connections
for shielding.
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Frame Counter (Diagram 8)

The frame counter determines by its overflow when a
character has been received or transmitted, thus making the
positive transition of #FR3+ the character received/transmitted
signal. It is reloaded from Control Reygister 2, each character
time making use of the fact that the register is zero at this
time. It is thus nececsary only to clear the register at the
beginning of an operation via the #SVC signal. The frame counter
is normally incremented when in the text state and not in a
transition state (#SVC+). The #I0PCS signal forces the counter
to wait one bit time on character synchronization when parity
checking is enabled to take account of the parity bit on the
SYN character.

State Synchronization (Diagram 9)

The #SVC state and #SVC-positive transition are used
throughout the interface to clear it on a XMT/REC state
change eor a change in ti.e text state. The remainder of the

logiv. is necessary for its synchronization to the clock signal.

Text State and Sync Detection (Diagram 10)

The text state is embodied in the flip-flop #IFMD.
The flip-flop is one bit of Control Word 1 and is therefore
accessed through the AC under program control. Two of its
other input gates place #IFMD in the correct state when the
XMT/REC state is entered. The remaining gate sets #IFMD in
the text state when character synchropization is found in the
REC state., This transition is conditioned by #DTSY+ and
strobed on the clock signal. #DTSY+ is the logic .l-and gate
used to determine whether the first 8 bits of the SDR register
contain the SYN character.
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P.A. #START
" g
#CLOCK
#PWCLR ]
R
#CLOCK
¥ P
& ' )
- +
| #SVC
%
PWCLR A22 Ly
508 i =
. #REC-
F R
#XMT+
# -
6 4 RSTRT
B27 u
# TFMD- ¥ IFMD+
P
R ST
#XMT- #REC-

Diagram 9.

STATC SYNCHRONIZATION
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Parity Gating (Diagram 1))

The check-vertical-parity-status flip-flop is de-
signated #EBPC in the interface. It is manipulated in the

sane manner as described above for other bits in Control Word 1.

The parity error flip-flop is #PAR and normally is set to zero
when #EBPC is not set. When parity checking is enabled, the
accumulated parity in #PATY is compared against the last bit
of the character when receiving, and #PAR is set if they are

not the same.

Clear- and Request-to-Send Gating (Diagram 12)

The contents of the transmit request flip-flop
(#XTRQ) is jammed into the request-to-send flip-flop (¥#RQSD)

at the end of each data-break cycle recuested by the interface.

Since the cleared status of #RQSD is<(request-to-transmit) a
gate is provided to set #RQSD immediately upon the transition
of #XTRQ if the interface is in neither the XMT or REC state.
This method of control of request-to-send guarantees that the
processing of the current character will be concluded before
the XMT/REC state is changed. Furthermore, if #RQSD is set,

at least one character must be transmitted before a receive

operation can occur.

The clear-to-send indication, #CLSD, 1s derived from
the data set signal #CSDB. 1In order to avoid a spurious re-
ceive state, clear-to-send must be delayed from dropping
after request-to-send drops. This delay is necessary because
the data set brings up carrier after first dropping it when
clear-to-send drops. It appears that this is the result of

the data set "flushing" itself after a transmit operation.

Character Service Interrupt Flag {l agram 13)

The interace's character interrupt flag is #SRSV.
This flag is set in the text state on each received character,

and in the text state on each charzcter transmitted if there

s
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is still a transmit request pending. Every time the frame counter
overf'ows, an #ENDI pulse is generated. This pulse is normally
the character service request except when a change in text mode
generates a false overflow, thus the need for #BRENB.

Status Iadicators (Diagram 14)

Diagram 14 shows the remaining status bits of Control
Word 1. Terminal ready (#TMRD) and data lost (#DLST) can be
manipulated under program control as described above. Set
ready (#STRDY) and (#RING) are only gates since they present
static status of the data set.

Control Word 1 EAC Gating (Diagram 15)

Diagram 15 shows the gating necessary to load Control
Word 1 on the extended AC buss (EAC).

Miscellaneous Pulses {(Diagram 16)

To prevent undue loading of the PDP-8 power clear
signal and to allow for reshaping the pulse, #PWCLR is de-
rived. #INVMK is the pulse used to invert under mask the bits
in Control Word 1.
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PDP-8/201A LINE ADAPTOR INTERFACE
FOR USE WiITH A
PDP-8 WI1TH THE DATA-BREAK FACILITY

"he remainder of the logic and details of the 201A
data communication adaptor using the data-break facility is
presented in this Appendix. With reference to Figure i,
the body of the logic to be discussed here is considered to
make up the PDP-8/201A line adaptor interface.

The total 20!A data communications adaptor is re-
alized in two DEC 1943 wire-wrap panels. For the purpose of
this report, each panel is called a bay. In this version of
the adaptor, for the most parc, the PDP-8/201A line adaptor
interface is in Bay 1 with the 201A line adaptor in Bay 2.
Throughout the remainder of this Appendix, unless noted other-

wise, the logic discussed is in Bay 1.

Data Break Control (Diagram I-1)

The line adaptor signa.s the PDP-8 through the #BKRQ
flip-flop that a data transfer is desired to or from PDP-8
core. The address within the PDP-8 mcmory is read by the PDP-8
from the data address lines. The low-order bit of this add~ess
is given by DIAD1ll. When the break request is given, the
direction of the transfer is specified by the »ICTL signal. When
the PDP-8 enters the break state and the address is loaded into
the memory address regizter, an address accepted puls:z is
genzrated by the PDP-8. At this time, the break request signal
must be dropped by the interface. During the break state, as
defined by the BBREAK signal, the BT1 pulse indicates the end
of the break cycle, and is used to strobe the contents of the
designated memory location from the butffered memory buffer re-
gister into the SDR register. The PDP-8 will also strobe the
data-break input l!ines (DATA BIT) invo memory at this time in
case the transfer direction is into core. The break request

signal is gener~ted each time the frame counter overflows while

I-1
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in the text state, and when the interface first enters the
tran:mit state to fetch the first character to be transmitted.
All of the logic shown in this diagram is in Bay 2 of the

interface.

Data Break Address (Diagram I-2)

The 201 line-adaptor has assigned two sequential
locations in PDP-8 core to be used as buffers for incoming
(received) and outgoing (transmitted) data. These two loca-
tions are specified in the hardware on a WO2IMG address card.
The address is a 14-bit address to allow the buffers to be in
any core bank. The 15th or low-order bit is not required
because a pair of locations 1s being specified. By convention,
the even location of the pair is the receive buffer and the

odd location is the transmit buffer. Using the DEC numbering

convention, the address is given by the vector ADDR(0;...ADDR(14)}.

Schematically, the WO021IMG module is shown in Figure I-1.

These address lines are then buffered as shown in
Diagram I-2 and form the inputs for the data break address
(DADR); the low-order bit (DIAD11) is generated by the request-
to-send signal and is shown in Diagram I-1.

The j-th position (j=0,...,13) of the address is a
0 if there is a jumper to ground at that position and is a 1
otherwise. The WO2IMG address card is located in module posi-
tion 1B09. If any of the three high-order nositions (ADDR(O0],
ADDR(1), or ADDR{2)) is a 1, there must be extended memory
capabilities on the PDP-8, and the eleventh or address exten-

sion cable must be provided.

Device Select Code (Piagram I-3)

The device select code is a two octal digit number
which selects 2:: external device during an input/output opera-
tion. The device code appears in positinns 3 through & of the
memory buffer (M.B.) during an IOT instruction, alerting the

external device that it is being se¢lected.
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The 201A L.A. has associated with it three separate

‘mmm-m‘

device codes as discussed above. 1In order to specify the three

devices it is sufficient, because of the aforementioned re-

e

quirements, to define only a four-bit number, which appears in
positions 3-6 of the M.B. during an IOT instruction. This
number must also be realized in the hardware, and this is ac-
- complished via an R002 diode module found in position 1A13

and pictured at the far left of Diagram I-3.

i Thus to specify the desired set of device codes the
appropriate diodes are removed. For example, »sing the set
40, 41, 42 as before, the diodes connected tv pins E, H, L,
and P must be removed.

The remainder of Diagram I-3 shows the gating

necessary to obtain the signals to identify each of the de-

vices.

Device Selection Gating(Diagram I-4)

Ld

The gates shown in Diagram I-4 are located in Bay 2

and provide the signals to differentiate between Centrol Word 1

—

and Control Word 2 operation.

[ pS—

Interrupt Control (Diagram I-5)

[

Every time a character is transferred between the

201A L.A. and the PDP-8's memory, a character service flag
(#SRSV) is set as described above.

This flag in turn sets the appropriate interrupt

A

flag, Transmit (XINT) or Receive (RINT), which causes an in-
?% terrupt request. If interrupts are enabled in the PDP-R,
= a program interrupt is generated. Via the appropriate IOT
‘g mnicro-instruction, the program can identify the device caus-
-4 ing the interrupt. The SKIP signal will be generated, and
‘, a program skip forced if this IOT is executed. It is the
J program's responsibility to clear the interrupt after it is

identified, and the remainder of the gaies allow for this.




ﬁu:i::ﬁ e <,
. [ T— roneeserttasege -

£1d

¢ AD0T1d #

w

RYLTINT

T IG T LI

) T I By T /I S TR o Tl el — —
ONILVO NOILDIT3S 3FDIAda °¥v-1 uweaderqg
vezd
R
“ | XD019 #
g .al
4 <30
| | TAMLD
= !
sed +J
cHl,
= -TdNT # WA-S
+14NT #
— vz |
n*o _ “z Ui
;|
vo +
W ! ZAMLD
| |
y m~n_ ﬂ <}
ﬂhﬂﬂd_un d*N|
L] -XVNI #
: —a}\(‘
+XVNI#




T pm—

TOYLNOD LdNYYILNI ~S-1 aeadeiq

614 d¥dOo1l
. =_ . 7 0aMdD
+ASYUS#
. - S
Z1y
JvdOoI
& )
vdo1
[,
[}
i = X
T1V ST -met=> 0T1SAdd
_ N
| 4
. ¥10d4d
i
i
T a
11V TINTX 01SA3a
H
Lo _— $
OFUINT
s
_
“_ H. !!.x\.u } } ....H;....“u ....A.....” ...x..... ......x.. L vy R 4 x...i..' RSS—— : .!m ”.:.H..ﬁ "_.x_z.....i...ﬂ




I-10

Extended Accumulator Control (Diagram 1-6)

In order to provide the IOT structure described in
the Programming and Control Considerations section, the Ex-
tended Accumulator (EAC) buss was implemented. The full power
of the EAC is not realized until multiple devices are using
the buss, since it provides the mechanism for multiple inputs

to the PDP-8 AC. ©Diagram I-6 shows the gating necessary to

generate the SKIP signal when a skip under mask IOT is executed

Accumulator Input Gating (Diagram I-7)

Diagram I-7 shows the buffers which gatc the EA(
buss onto the AC buss. For other devices to use the EAC buss

they need only provide the appropriate input to the ENBL gate
and the gates for the EAC buss.

Extended Accumulator Buffers (Diagram I-8)

Diagram I-8 shows a set of buffers necessary to ac-
complish the inversion to gate the EAC onto the AC. The
clamped loads for the EAC buss are also indicated.

Data Bit Buffers (Diagram I-9)

Diagram I-9 shows the buffers used to provide isola-
tion between the SDR register outpuis and the data inputs on
a data btreak into the PDP-8. There is no gating signal
provided on these buffers since this is the only device using
the data bit lines.

Miscellaneous Circuits (Diagram I-10)

Diagram I-10 is best described as the left-over

circuits without a logical home.

il SR -

N-Mmm}
My

”

1
[pr—

M

—

P

#
[T

Rusrorviesmacd)

e p—
t

et ronng,
[:....-u.— -

rr—
[r——

,......
[

[--..-......--.
-

s

ot

L st
R




I-11

TOYLNOD YOLVINWADIOV GIANILXI

g9g-1 wexderq

P S
rig o1ova

T —
A 600V

600vd

W
|

1l
60078 PO

vid

.|
r

C ey 7 g ————————
lﬁxlwltuo, g0ovd a

-£00ve o

Y o—
vid
L0OVvE

TVT\_.I.AO £00v3 1]

H L0DJVvY -
- 3
) T vig 902Ve - . 4
Std, Iﬁxlﬁl*u" 900vi a STV 000vd
a 3 -300vd a
sisti

e ad grressanasassari

[

oo Sermavosnaniadd

n
L + IV
Y S—
|V.|._I.A3 RLE]
s -soove
o yiv
v00OVv3
4 -voovd
N PV
r.V_l_ "% RLE]
N -£00vd
1 yIv

b
r

rv-l_ “ Z00v3
-20dvd
l.._VT.._ 100vd

viv

H

-100vd

ViV

|

-000vd

S0ovd

voovd

100vd

ooovd

wriomand




1,

e onisoco
pen| e

L-T W

o SR et

r -y
e
od
-~

exde1q

T T wovate SN - = ) 3
ONILVO LNANI ¥OLVINWADOV
T3val
L1g
7oV
L1g
o
D N 0TV
g
L1g
%05V
L1g
< 500V
L1g
s 709V
Lra
< 509V

L1V

SOJV

LIV

o

Y00V

LIV

Q

€00V

LIV

4

rA e )

L1V

100V

LIV

&

003V




I-13

S¥34409 YOLVIAWNDIOY ad3IaNILX3T

- 81g
_

-110vd —_ S

S
023
2 AA s _
d

-010Vv3

18 01ova
z“ _ _
4

‘g-1 wexderq

9

-S00vid

91V

|
pasant]
ot - | | c0ova
VWA-e

-6@0v3 _ d
P

Sl SELE S A

N

X
914 - _ 800Va
~800v3a Y5l |

L dit e o I —— S

~v0odvd

9iV

oLl g

| s T e S s R s 1 £ OO oD oo




eI AR

Lo SN - SR wurie I o[RS st S o R s I vt

S¥add "4 1149 viva

0cd +TTYSH

< T1L4vd

ozd

+0TYSH

© otLdva

ocd

-
—y
— © 60l49vd

ocd

80149Va

LoLgvda

ozd

© 90L8va

T VT

s I s IR owcove I oo IR

‘6-i wexlerq

ot 1t sy st 2wy

...s:tntx‘

FOR— [T, S -

ozv

s0L9Vda

0zv +POuSH

volrdva

]

e +E£0USH

£0lLd9va

ozv
+Z0cSH

coirdva

ocy

10L4va

0zZv

+00US#

S ol stditiatan LU il

ooLrgva




b gt ebe e o R

SLINJYID SNOINVITIISIKN °0T1-1 wexdetiqg

X
Sl o1lLg
4 a‘N
119
w
-y
)
T H - 3
nsig . ==
| © 1LD1Id G 2410dd e
4 d . d
¥10dd 1S9
[
N vty S oo S s S i St s S s S vt S i B ey e i 3 ey e e

L et » ==



Cable Layout {Diagram 1-11)

The input/output cables for the 201A L.A.
in Diagram I-11,

are shown
The correspondences between the s.gnal names,
module positions, a':d pin connections for the 201A L.A.
the PDP-8 are given in Tables I-1 through I-7.

and

Module Utilization (Tables I-8 through I-lff

Tables I-8 through I-11 give the module utilization

for a 201A L.A. 1In addition to the module utilization, a

complete signal nume map is also shown.
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BUF

TABLE

ng
-

Yol

-

ED ACCUMULATOR OUTPUTS

201A LINE ADAPTOR PDP-8

INTERFACE SIGNAL LOGIC LOGIC SIGNAL INTERFACE
CONNECTION NAMo SYMBOL SYMBOL NAME CONNECTION
AOlD, AO02D BACOO <> —<> BACO ME34D
AOlE, AO2E BAC 01 <> - BAC1 ME34E
AOlH, AOZ2H BACO2 -<> 4 BAC?2 ME34H
AOlK, AO02K BACO3 <> 2> BAC3 ME34K
AOIM, AO2M BACO4 —_ — BAC4 ME34M
AOlP, AO2P BACOS > <> BACS ME34P
A01S, AO023 BACO6 —_— — BAC6 ME34S

' AOLT, AO2T BACO7 —> o BAC7 ME34T
ALV, AO2V BACOS8 —_——> —— BACS ME34V
BO1D, BO2D BACO9 <£> <> BACY MF34D
BOlE, BOZ2E BAC1C L> < BAC10 MFZ4E
BO1H, BO2d BAC11 <> - BAC11 MF34H
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TABLE I-2

BUFFERED MEMORY BUFFER OUTPUT LINES

201A LINE ADAPTOR PDP-8

INTERFACE SIGNAL LOGIC LOGIC SIGNAL INTERFACE
CONNECTION NAME SYMBOL SYMBOL NAME CONNECTION
A03D, A04D BMBOO - < | BMBO(1) ME35D
AO3E, AO4E BMBO1 > - BMB1(1) ME3SE
AO3H, AO4H BMBO2 > < BMB2(1) ME35H
AO3K, A04K BMBO3- —_— —< | 8MB3(0) ME35K
AO3M, AO04M BMBO3 o S | BMB3(1) ME35M
AO3P, A04P BMBO04- O < | BMI4(0) ME35P
A03S, A04S BMBO4 <> o | BMB4a(1) ME35S
AO3T, AO4T BMBOS - < — | BMBS5(0) ME3ST
AO3V, A04V BMBOS & <> | BMB5(1) "ME35V
RO3D, B04D BMBO6- - < | BMB6(0) MF35D
BO3E, BO4E BMBO6 - o | BMBe(1) MF3SE
BO3H, BO4H BMBO7- o> —& | BMB7(0) MF3SH
BO3K, B04K BMBO7 —o | —— | BMB7(1) MF35K
BO3M, B04M BMBOS - o o | BMBS8(0) MF35M
303P, BO4P BMBOS > < BMBS (1) MF35P
B03S, B04S BMBO9 <> —<o | BMB9(1) MF35S
BO3T, BO4T BMB10 <> > BMB10(1) MF35T
BO3V, B04V BMB11 > < | BMB11(1) MF35V




TASLE I-3

ACCUMULATOR INPUTS

201A LINE ADAPTOR PDP-8

INTERFACE SIGNAL LOGIC LOGIC SIGNAL INTERFACE

CONNECTION NAME SYMBOL SYMBOL NAME CONNECTION
* *

AO0S5D, AQ6D ACOO ACO PE2D
* *

AOSE, AOQOG6E ACO1 . : AC1 PE2E
* *

AOSH, AO6H ACO2 s o AC2 PE2H

3 —_ 5 2
AOSK, AO06K ACO: AC3 PE2K
) * * 4 1

AOSM, AO6M ACO4 . . AC PE2M
* * S

AOSP, AQ6P ACOS5 — ACS PE2P

A0S5S, A06S ACO06 *0 fﬂ ACo PE2S
* *

AOST, AOQO6T ACO7 o o AC7 PE2T
* * '8 2

AOS5V, AO6V ACOS8 o o AC PE2V

BO5SD, 306D ACO09 9 * AC9 PF2D
o3 <>
* * 0 2E

BOSE, BOG6E AC10 . ACl PF

BuSH, BOG6H I, ACll1 *: * ACl11 PF2H

*Note: Collector of Grounded-Emitter Transistor

[

sz

RTINS

hne bbb b Wi




S

TABLE I-4

PROGRAMMED INPUT/OUTPUT CONTROL

:JP-8

L 201A LINE ADAPTOR
INTERFACE SIGNAL | LOGIC Lesrc | s:IGNAL INTERFACE
CONNECTION NAME SYMBOL | SYMBOL NAME CONNECTION
BGSM, BO6M | INTREQ o "1 | INTERRUPT PF2M
3
—= | — | REQUEST
*1 *1
BOSK, BO6K SKIP SKIP PF2K
BO1K, BO2K 10P1 10P1 MF 34K
BOIM, BN2M 10P2 10P2 MF34M
BN1P, BO2P 10P4C 10P4 MF34P
*Note: Collector of Grounded-Emitter Transistor
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TABLE 1-7

DATA-BREAK CONTROL SIGNALS

201A LINE ADAPTOR PDP-8

INTERFACE | SIGNAL | LoGIC LOGIC SIGNAL INTERFACE

CONNECTION | NAME | symsoL || symsoL NAME CONNECTION

BO7K BKRQY | —m || ——o S PF3K
REQUEST

BO7M DICTL | ——e || —e D{ﬁgg?ggﬁ PF3M

BO7P BBREAK | —e || ——@ | B BREAK PF3P
ADDRESS

BO7S aopacC | ——s || ——= | ADDRESS FF3S

BO1S, B02S | BTIC —_—f —a BT1 MF348S

BO1T, BO2T | BR2A ——f —» BT2A ME34T

D

BO1V, BO2V | BPCLRC | ——s || ——» | B JOWER MF34V
CLEAR

*Note: Collector of £ Grounded-Emitter Transistor.
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