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PREFACE

The PDP—7/9 Communications Package was written to provide
date transfers between the buffer controller (PDP-7 or PDP-9) of
an ESL Display Console and a host computer via a 50-kilobit serial
Dataphone link. Initially, only one of the displays (with a PDP-9
buffer controller) was to be operated remotely over a 50-kilobit
line, and the only feasible access to the 7094 CTSS host computer
was via the PDP-7 buffer controller of the other display, which is
directly connected to CTSS channel D. For this connection, the PDP-T
could be looked upon as the "host" for the PDP-9, although it merely
served as a message-handling intermediary for the real host, the TO9k.

The link between the PDP-9 located at Project MAC (Technology
Square) and the PDP-7 located at the M.I.T. Information Processing
Center was installed in May, 1969. The cammunications package
described herein was successfully checked out, but integration with
the display executive programs of the PDP-7 and PDP-9 to permit remote
display operation had not been accomplished when work was terminated
in March, 1970.

The work described was performed by the Display Group of the
M.I.T. Electronic Systems Laboratory, with the joint support of
Project MAC and the U.S. Air Force Materials laboratory, Wright-
Patterson AFB, under Contract F 33615-69-C-1341. The programs
were written and debugged by D.E. Thornhill, H. Levin, and .
M.¥. Brescia. This description by P.W. Ward was prepared as a
user's guide.

John E. Ward
Electronic Sysiems Laboratory
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DESCRIPTION OF PDP-7/PDP-9 COMMUNICATIONS PACKAGE

Introduction

The program to be described was written specifically for the purpose of
providing a message handling facility between a PDP-7 and a PDP-9 computer
utilizing a 50 kilobit telephone transmission link (see Figure 1). Each computer
is physically connected to the telephone media (typically a Bell 303 Modem) via
a DEC 637 Interface*., The 637 conforms (at the modem interface) to the Electronic
Industries Association Standard RS-232-B for full duplex operation. At the
637~-to-modem level, information is transmitted and received in serial bit
synchronous form. (In addition, the Bell Modem "scrambles" and "descrambles"
the bit stream to provide uniform spectrum distribution and utilization.) At
the Computer-to-637 Interface level, information is transmitted in serial byte
synchronous form. In this program implementation, one byte is an 8-bit character;
but 6, 7 or 9 bit options are possible with the same 637 Interface unit. The
message handling program communicates with the 637 by Input-Output-Transfer (IOT)
Commands which provide the status and control information required to effect
transmission (and reception) of 8 bit characters from (and to) the PDP-7/9

Accumulator,

Overview of Communications Package

The user of the Communications Package interacts with essentially three

subprograms (hereafter called procedures):

*The 637 Interface is also referred to by Digital Equipment Corporation as
"Bit Synchronous Data Communication System Type 637" or simply '"637 Data

Communication Channel."
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(1) Initialization
(2) Receive Message
(3) Send Message
How the user calls these procedures will be treated individually following
a brief overview of what the procedures do.
Figures 2, 3 and 4 illustrate in block form the general flow of
operations within a given procedure. For a detailed Flow Chart of the
Communications Package refer to Appendix 1I.
Referring to Figure 2, the Initialization procedure clears the parameter
list used by the program, puts the modem into synchronization, waits for
an indication that the remote user has initialized, then returns control
to the user.
Figure 3 illustrates the Receive Message procedure. Note that the
user, in general, interacts with this procedure at three different instances.
(1) User calls Receive Set to provide parameters needed to process
an incoming message.

(2) User calls Receive Message when he knows a message is forthcoming.

(3) During the procedure (2), if the entire message is received
successfully, the procedure calls the user's scheduling routine.
This step not only provides the user with an indication that there
were no transﬁission errors, but also a chance to call procedure
(1) again. Thus, an appropriate scheduling routine will prevent
overwriting of a message by a subsequent message. After the
scheduling routine is complete, control is returned to procedure
(2) for completion.

The Send Message procedure is illustrated in Figure 4. In this case,
the user invokes the procedure and passes the necessary parameters at the

same instance. The procedure attempts to send the message, and, if successful,
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returns control to the user at his normal return entry point. Otherwise,
control is returned to the user's error return.

The program takes care of all of the overhead and the input/output
operations required with the 637 Interface torget‘a message processed.
The user may opt that the message text to be sent consist of ASCIi (non-
control) characters or 18-bit Binary words. The message header, checksum,
send/receive protocol, and the assertion of a program interrupt before sending
a message, come under the overhead items which aretaken care of by the program.
However, the burden is on the user to:
(1) Provide the required interrupt service for receiving a message
or, alternatively, if the priority interrupt facility has been
disabled, a routine to determine the presence of a message.
(2) Inhibit interrupts when sending a message.
(3) Recover under error return conditions.
CORVENTLIONS FOR CALLING PDP-7/PDP-9 COMMUNTCATTONY PACKAGE
Now that some insight has been presented concerning what the program
does, the specific details of invoking the procedures in the program will

be treated in the same order.

Initialization .

The first procedure that the user will invoke is initialization. This

is accomplished by calling FINIT with no arguments. A typical call follows:

JMS FINIT /CALL FINIT WITH NO ARGUMENTS
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After initialization is accomplished, control will return to the
instruction at ABLE, 1If initialization cannot be accomplished the program
will come to a halt and the operator must take appropriate corrective
action, then start over. The initialization routine assumes someone on
the other end is also trying to initialize and will wait until he does
so before returning control. Initialization not only brings the modem
link up to sync, it also zeros the procedure parameter list., The names and
descriptions of the parameters used to indicate error conditions are given
in Appendix II. The user may wish to use the parameter list to determine
his program action in case of error returns from the Receive Message or

Send Message procedures,

Receive Set
Before the user invokes the receive message routine the first time, he

must call RCVSET with three arguments., A typical call procedure follows:

JMS RCVSET /CALL RCVSET WITH 3 ARGUMENTS BELOW
LAC ARGIR /RECEIVE BUFFER STARTING LOCATION

LAC ARG2R /RECEIVE BUFFER LENGTH

LAW ARG3R /RECEIVE SCHEDULING ROUTINE ENTRY POINT

BAKER, .

Control is returned to the instruction at BAKER when RCVSET has accepted
the three arguments, If a message should come in before RCVSET has been
invoked by the user, it will be refused on the basis that no buffer space
is available. If one comes in afterwards, it will be placed in the buffer
space last specified. ARGIR and ARG2R are self explanatory, except possibly

it should be clarified that ARG2R is the octal number of contiguous locations

available in the receive buffer regardless of whether the data type is ASCII
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or Binary. ARG3R is the entry point to the user's receive scheduling routine.

’ This example also serves to illustrate how arguments are passed in
the PDP-7/9. When the program executes the instruction JMS RCVSET, control
is transferred to the instruction in the next location after RCVSET and
the address of the instruction LAC ARGIR is placed in location RCVSET. By
convention, arguments are passed by writing one instruction for each argu-~
ment which, when executed, will place the argument in the Accumulator.
Thus, LAC ARGIR puts the contents of ARGIR into the Accumulator while
LAW ARG3R puts in the address of ARG3R. How these arguments are taken at
the invoked procedure is illustrated in a later example. We can assume
that after the arguments have been taken, the address contained in RCVSET
will be BAKER. Thus, control is returned to BAKER by executing the instruc-
tion: JMP I RCVSET. Note that even if the return were to the instruction

LAC ARGIR, no problem occurs in the program,

Scheduling Routine

The Receive Message procedure invokes the scheduling routine if a
message has been received successfully., It does this before it
acknowledges the message to the sender. As explained previously, this is
the time to call RCVSET again if the user expects another message before
he is finished with the present one. At the other end, the sending procedure
will only wait about 1.5 milliseconds real time for a reply, so the scheduline
routine cannot be too time conisuming.

The scheduling routine can be as simple as the following example:

ARG3R, O /ENTRY POINT SCHEDULING ROUTINE
JMP 1 ARG3R /RETURN IMMEDIATELY
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The above routine simply returns control back to the receive message

program and defers any action on the received message until later.

However,

the user may also wish to store the arguments being passed at this point of

the program, namely RCVBUF (same as ARGIR, first location where the message

was placed); RCVCNT (the length of buffer space used); TO (user number to whom

message is sent); FROM (user number from whom message is sent).

Assuming this

information is needed, an example of an alternative routine which accepts the

above arguments follows:

ARG3R, O /ENTRY POINT SCHEDULING ROUTINE
XCT I ARG3R DAC RMSBEG AOM ARG3R /PUT RCVBUF INTO RMSBEG
XCT I ARG3R DAC RMSLTH AOM ARG3R /PUT RCVCNT INTO RMSLTH
XCT I AR:3R  DAC RMSTO AOM ARG3R /PUT TO INTO RMSTO
XCT I ARG3R DAC RMSFRM AOM ARG3R /PUT FROM INTO RMSFRM
. /POSSIBLE CHANGE IN RCVSET
JMP I ARG3R J/RETURN

This routine puts the four arguments into user's locations named RMSBEG,

RMSLTH, RMSTO, RMSFRM respectively.
This routine also serves to illustrate how arguments are accepted in the
When

PDP-7/9. The entry point to the routine contains no instruction.

ARG3R is invoked by a JMS instruction, the location of the next instruction

is stored at ARG3R and control is given to ARG3R + 1. Following the

convention for accepting arguments, the scheduling routine issues an XCT
instruction indirected through ARG3R to access the first argument. This
places the first argument in the Accumulator. This is followed by an AOM

instruction to increment the pointer in ARG3R to the next argument. The process

continues until all arguments are taken, leaving the pointer in ARG3R at the return
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entry point of the invoking procedure. This routine continues with some
user defined algorithm that may decide to change the RCVSET parameters for

the next message. Ultimately, control is returned by the instruction:

JMP 1 ARG3R.

Receive Message

Assuming that the Receive Set procedure has been furnished with the
necessary housekeeping parameters, the Receive Message procedure may be
invoked at any time there is an indication of a message being sent. However,
the user is almost certain to encounter a timeout error condition if he
invokes the Receive Message procedure arbitrarily. The best arrangement
is to direct the invocation on an interrupt basis, since this guarantees
that the 637 Interface has been activated by a sender and a message is
forthcoming. In order to clarify this point, the conventions followed
by the Communications Package in this regard are described. The last step
of any procedure orders the 637 Interface:

(1) Transmit link to repeatedly transmit an "EOT" control character

in order to mzintain the Bell Modem synchronization., This leaves
the 637 Interface transmit link "idling" and requires no further
I0T operations, but a synchronous bit stream is maintained in-the
modem as required.

(2) Receive link not to accept any more characters unless the "SYN"

control character is detectéd. Under this status, the 637

receive link continually checks the serial bit stream for any
sequence of bits that match the "SYN" character code. When a
match is found, the receive link activates, sets its interrupt
line active and begins assembling every 8 bits following '"SYN"

into characters.
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In accordance with this convention, the Send Message procedure initially
transmits the '"SYN" character (three times) to alert the receiver. See Fig. 5.
It is possible to test for a message received status without the use
of the interrupt scheme, but this requires IOT commands to the 637 Interface.

A typical routine which waits on a message to arrive, then calls RCVMES

with no arguments is as followsg

DZM ARG3R /CLEAR ENTRY POINT ARG3R
SNE /SKIP IF THERE IS LINE CONTROL
JMP RPRINT /GO TO LOST LINE CONTROL PRINT
SRF /SKIP IF 637 IS RECEIVE ACTIVE
JMP .-3 /KEEP CHE(KING UNTIL ACTIVE
JMS RCVMES /CALL RECEIVE MESSAGE

CHARLY, LAC ARG3R /ARG3R USED AS MESSAGE FLAG
SNA /IF ARG3R = 0, BAD MESSAGE
JMP RMSERC /GO TO ERROR RECOVERY ROUTINE
JMP RMSPRC /GO TO MESSAGE PROCESS ROUTINE

Control is returned to CHARLY after a message has been processed by
RCVMES. It is assumed that subroutines RPRINT, RMSERC and RMSPRC exist
in the user's program. If no problems were encountered by RCVMES, ARG3R
(the user's scheduling routine) will have been accessed. For this reason
ARG3R is used as a flag. If ARG3R is non-zero, the program flow is to
RMSPRC where the user processes the message. The other subroutines are
determined by the user's application. Typically, RPRINT might be a routine

whichnotifies the operator that the modem has lost its line control.
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RMSERC could be quite involved in checking the receive message parameter

list until the source of error is found and some action taken dictated

by the type of error found.

Send Message

If the user desires to send a message he issues a call to SNDMES

with five arguments. A typical call procedure follows:

10F /DISABLE INTERRUPT
JMS SNDMES /CALL SEND MESSAGE WITH 5 ARGUMENTS BELOW
LAC ARG1S /TO USER NO.
LAC ARG2S /FROM USER NO.
LAC ARG3S /FIRST LOCATION OF MESSAGE
LAC ARG4S /LENGTH OF MESSAGE BUFFER
LAC ARG5S /0=ASCII, ELSE BINARY
DOG, JMP SNDERT /SNDERT=ENTRY MY ERROR ROUTINE
EASY, ION /EASY=MY NORMAL RETURN ENTRY POINT

If the message is acknowledged by the receiver, the procedure returns
control to the instruction at location EASY, otherwise the return is an
error return to DOG which must transfer control to the user's send error
routine at SNDERT.

Unless the recipient of the message needs the TO and FROM
numbers contained in ARG1S and ARG2S, these arguments can be any arbitrary
constant, including 0. 1In any case the procedure only sends the rightmost
six bits of either argument. The next two arguments are self explanatory,

since the procedure must know where to get the message and how long it is.
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The last arzument offers the user the option of sending the message in 18 tit
binary words (if ARG5S is any non-zero comstant) or as two (7-bit ASCIT)
8 bit charecters per word (right justified).

If the user requests the ASCII formst, he must have a legal ASCII
character in every character position of the send message buffer area indicated
to the send routine and he must not use any of the 16 ASCII control characters
in the field which includes "ETX". Specifically, no characters with

format:
b8 bl
X00X0XXX

can be included within the text (in user's send buffer). The X's indicate
"don't-care" bit positions. No problem arises in the send routine, but the
receive routine must look for control characters and specifically the "ETX"
to determine the end of the text. Refer to Figure 6 for ASCII code.

None of the above problem occur in the binary mode since the program
sends only 6 bits of the 18 bit word at a time, and the ASCII bit positions
"p8 b7" are forced to "O 1" at the send end and masked at the receive end
when the message text is being processed. However, the program assumes thet
the user at the receive end knows’whether the message i1s in ASCII or Binary
format, i.e. this parameter is not passed to the receiver of the message.
The user should utilize the "TO" and "FROM" parameter information to

indicate which to the receiver.
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As mentioned earlier (without explanation) the priority interrupt
facility should be disabled just before invoking the Send Message procedure.
This is because Send Message takes the 637 Interface out of "idle" mode
when it gets the go-ahead from the receiving end to send. At this point,
every character transmitted has to be a new character furnished by the
Send Message procedure on demand by the 637 Interface. Thus, the pro-
cedure has to be ready and waiting with the next character when the 637
bas finished transmitting the current charscter. The procedure has one
character interval in real time (2bout 160 microseconds) to perform inter-
mediate fetching and formatting tasks to prepare the next character. This
is ample time unless an interrupt is permitted, then the timing is
indeterminate. If the resvonse to the 637 Interfece's request for the
next character is late, loss of line control follows. Initislization

will then be required before comnunications can be re-established.

Send Message Master/Slave Modification

Since it is possible for both parties to request to send at the same
time, some provision for Master/Slave priority must be written into the Send
Message routine. If the user is the Master, no modification is required. If

Slave, change the program in the SNDWAK routine by replacing the instruction:
JMP SNDWAK
with two instructions:

JMS RCVMES

JMP SNDAGN



SUGGESTED PROGRAM MODIFICATIONS

In the course of preparing this description of the existing PDP-7/9
communications package, it was noted that certain ;hannel conditions could
possibly cause endless looping. Several minor program modifications,
described below, should eliminste this danger, but have not been implemented.
The suggested modifications are shown in the flow charts, and are marked
with an asterisk to indicate a discrepancy between the charts and the
actual program listing. One additional change is required if the functions
of Master and Slave are reversed. These changes should be made in any
future use of the package.

1. RECEIVE MESSAGE (1), near label RCVMES. Change TIMOUT error return
from RCVDIE to a new subroutine called RCVTIM which alters the TIMOUT
error return before proceeding to RCVDIE routine. This prevents
an infinite loop conditien in case the tramsmit routine always
times out when called. RCVTIM is shown in RECEIVE MESSAGE (13).

2. RECEIVE MESSAGE (5), near label RCVGO. Add the instruction which
increments NOSTX by 1 when "STX" is not found at the start of text.

3. RECEIVE MESSAGE (13), near label RCVDIE. Add the label variable
REXIT, the subroutines RCVTIM and RCVEMG as shown to prevent
loop condition described in change 1 above.

k. RECEIVE (3), neaer label RTXERR. Replace instruction JMS RCVDIE

with JMS RCVEND.

'5. SEND MESSAGE (2), near label SNDWAK. Add the modification per

description on page 17 of report "Send Message Mester/Slave

Modification".
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6. SENDMSBAGE (8), SNDTIM routine. Chnw-mm'erfor ra'burnrrd
 SNDTIM to a mew subreutine called SNDEMG amd put modem into idle -
mode before calling SNDEND. SNDEMG prevemts an infinite loop

mumumthmmmtmsmma
. ocalled. SNIEMG 1s shova sdjacent to SNDTIM and SEXIT is a label
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RECEIVE MESSAGE (12)
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EANTR
LSCHAR : 4
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¥
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y
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N
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]
I
HOR,
‘1’4‘;’ KACHR
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RBCHRI:
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Y s EIVE (%)
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Y ao# Bruary } Strijp 4o 100 XXX XX
RBCHR ~—
RBCHE+ Tnc remens re feern
PO/):&/‘
A/ 5’/’or ‘
KETVRM Tex ¥ Return 2 (RBCHR)
TXERR -~
TXERR +/ Pecord tFeel
‘ Lrror.
AC —~—
"Dc 3"
KCVE R+ /4/0/& '/7/01 ?
f - error ot Fermiation.
B 0 ACyEiD|  Send D3 Bad  character in masIane

Then 70 /ﬂrna?‘ 207 mpinaton /’M’éfd/-



S W0 - SEwND MESSAGE (1)

SWOMES : E,({fﬂ‘/ Localion o/ wsers //r}/ an7amu./ r5 Aore anf
¥ arsamen ¥ hnre buoe ,
SWDTRY 4— witl ¢r7 Ao seend e ssane ST Apmes
11 -5 A/L/Lare_ ?,‘;,}.7 gf . Aaxt E Armes 0’1_7/»;164/
L SKOAGN  belew,
T . T2 Sty et o
SHNOWO = Mes sage number 15 genrcs ted, Lo tal 2e

‘ . ‘ G sir's fong.
(S,uouaf-/) 2oros  Fhos /owamcrw. /tlwu sore A/ can orr s /ong
MobuLo 100y

y &t message 4’7”)"140?{5,.' Zza Qn,m“,.,'(a/,o',,, /21//:.
. /J/OCZ/M'«,( /0'("’(0('4{/-
STO~ AR! () Uso, Siumbsr to wWhom ymesyasg /S 2l
._Sf’folﬂ-e—w&.l (A) L/ur M bor 7o m w‘a;.. kn[_s;n;u_ ’s 'SJ»/‘-
SBUFP - AKS3 ?) 5-76’/:,(7 Jocifion 2p Befper where ms3ang Cxra%s
FWDCT < ARGE @) Zl,n7/1 c/ éu/” Zn a_}ar{( aunfa} e sz
SEINF—AGS| (5) 0 = , ,
SWOAGH ) ASCff/.L/SL bnessase. 13 8 /na g - , )
' Katura Avcafun/ou‘/lr ru..a/om;./: 4 callirs £rror 12 “rn.,
| 70T FIMOUT Jocafssn ts SWDTIM in casa o Send g
l(subf/M) FOF prmsount, Tan SNDTM aetle.
ok Syn fhmn Fies and reFarni This will
CALLXASYH gorarnie ’ll"jf’ fa,/‘ oK ar oo
VY. . ”~ 0
1 :
]
|
AOR. 1 - i . ' E ]
;Er'::;_’ AC*"IE‘W FUQ =2053 : Engurre fo  Fransmf prasT2HE
( xc£3vW) l
‘o ’ 3 . ;v HC PR
CALL KCHAR Treasmit The chavacter im e
N
i
|
MORMAL ,
RETURU ™ SET (DLE MODE or s nz/unf JesF ;b‘rafl' v Aenn
(XCHﬂk) ihha ;kﬁr/‘u AesranAs /f/-'z.z./ (u-/u
; nding EHR.
Covwr= D/Ef wp /o 4//5(4/ /7""
—3000, /0 maec fo ansums Ao answer O AR5
Success - 1 ey
you e SNOWK N .
Y N Covnr = ‘
GO 10 IH covwr +1 Y
(Wt page) CALL SNDERR

( Mo r2turms )
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SEMD MESSAE (2

Gef 4& ANsuer 7/rvm rL4/ S IER 4 For rout e

/)a-/o /4C/ 7«(" Xae Uu.«v‘ /.'I,

' 1 ,
]‘I Flet F in (14/4/&.. cAlra—kﬁV ,/'r ¥4e recov d,

SO WAK ? l
CALL FCHAR
1]
i
]
A IRI 4 (
CET ORI WAKCH< AC
CRCHAR j

[

| cacs pcvmes

L

f
3
L

CALL SADERR

R LT XN ﬂouh—
He ba s Mhlu’

my Fransmsssione

/4&'72/ fo TRCAIVS

GO 10 SNDso S e ‘SJ”‘{"/-,

SNOBUF ;

AjodUFj*— , area ‘m//‘/é/’

NIBYFS ¢

'

CALL SNDERR

A{Z Aﬂs #no K;;/f

Ervor return.

f‘l! Nlnlj ‘/U
Xend 4 ﬁurs‘jll foo ¢

W 7% forogram mus? be
m/yu'a o Lstad/ish Th
SLAVE shatus.

”’J. nessa none

’7/ Fhose | Gt nent .
Céqracflr %' //M/?rm;/:_

COL(//MV M A["',
“/D rn Firma

Mevar I"L/urnrléu/f. rx/urn /ocn//'oﬂ ?
@“7 snstruc feon +s shred )«l'«l/or

D/,l rence,



SNDcT !

l

, SUAT ~— O ’

'

pe="son"

Y

CALL, XSCTHAL

T

- k2 -
SEVD AMESSASE (3)

Moo dz#&hf//rv 7% send m:saig, /9“7/,1
67 C/Iﬂr/r;7 C,{ul’.fam‘

, .
/%/ On pessanf LA,

SOH = 20/y ¢ Sty Aoader Sf.//,,;f

/ 3 . .
Transom. ¥ ank FHM cipracter ik A,

g a4 /
KETiHs) ——>

CALAR TOLE APIDE

M Pl (/ﬁr a/fﬁ"r CVIrr/

du// /ﬂ/[l’r Moﬂm /ggsg'

l UWhpnt Vo soud 1

intervad now.

(C¥scHAr )

MR,

(XB(//ZT

v

AC €ESHONO

Y

CALL Y BCHR

T
1

Ac <70

v

CALL XBCHK

1
!

ACesFROM

t

CALL XBAHR

Ac<~s7%"

Y

CALL KSCHAR

T

|
i

X 4—>8urP-/

v

WRDC T e
SwWdhcTr

®

. !‘v
s cpAréd Vel

Sync Fhae /@p//r'n‘c/vrewau o
’ yite

;’/ L cant 5&70//7 Mo pex™ ore or

//llfsw Numba r/a/éw: ’5'0// v ‘ ) .
: ) | Sen
ﬁlﬂ!m'f’ word in AC as /X'é/f émtr7 numotry

5 , _,_/d‘
us 3 F-B/F characfers — Se& /ECﬁA) P

#a C/Lu,éstfm.

User number Lho t's Ao r2czive .7,

Send as é/n;lr7,

”Spr /414;-.51/ wéu /‘; 31»14//;4‘7 /{.
Send ‘fv l{/n'dry.

oo as < haradlts.

/ar 50&\1{[/»#7 ég/

Jef
/Zv/ 5/",/00/"/" (/}SS /)
locafiion. A .

/.:, /a a e /o-—/n[{x/luj

/s (am/z/sz of— Swdc7” (/1"7/4 7 57/”/ ln;ré
WRDC YT,



|
[

l

'3&352//) A ESSAGE (#)

( SWDEO ConTMUVED)

Aj - 8/'1“!7 /CL/‘ -
A

C+és"| G5=2357:

; Send, ;7 Linarg

Y = AsCI] At

CALL XCHAR } Sevd 2y

! C/(lra cFrr

" o )
Ac<-"Fs l Fs= _23¢3,-5N/m7 Asc 7/

'

CALL .YS(#IK' Jevd as - [4/’9(//1/

T

I

ijokf ‘L_ - _; MNORATAL |
RETVR L ! Eroro .
(XTCHAR) ( XSCHAR |
oy X ,001;;/5 +o B
ma— i Sendyrs pﬂl//éus X<—X+/ et word
A~ 2 () , loovd . | /4(<_2'6() it AC
‘ S
f
CALL XAWRD | Formmat and send )C,,“ X8y | Format avd send
N D »I: as A3¢c7/ word. 'l__ N T“ A5 8,,,',,,7 worA.
MR WRPOC W 7-g- 4
> Yo ot MR, URDCA T ==
Gawkt) WRDCYT 41 | Fhrrefe > Fiorad
Fhrough word (xBuwrp)| WRDCKT #/ rale
[ D5 at fﬁraxgﬁ sord
N coun¥,
Y

I A

SWDETX: "oy
AC=<—E7x | £E7TX =2

Y

lc’/u XSCHape <ol 25
L4

1
e,
AC——3s0UMm Gt H

033 N W{n/af T{ILIL
c/araz//er

C‘QC/(S“#; An/ W

(XscHme) ’
as 81n4r7 word.




HoRMA L

RE rvmwas
(x Bwes)

CALL XBWFD !

]

b

> AC—«—Z}UL”

'

CAL XCHAR

—

1
|

SEND MESSACE (5)

@ (SWOETX Cowrmvesr)
—

Forn.,vf /,.‘.( 'S-bva

as 81n177

Wdr,(

WUL = 2003 Sewd mull charsc7s
anti/ Ae rxy/aorﬂ’r.

Nerdd 25 ¢ /ara 14 frr

N.R.

SE7 1D E MOATE

neeled .

!

CoN 7T
-7
SNOWT:
)‘
CAUL RCHAR
T
i
MR PSPCH <AC

Sef

téo wai

o pout lust chavaclor vior

intérvals S 412 msec.

/é;g/ A/I I'IS/O

Pk snte RSPCH

MIR céarwﬁr

or V2 corA.

7'<In o u./{af 7‘%& ﬂS/oanSA /'3 .

GO T SHNDAK

GO 70 SBI5M

J_‘.C“ -1 éOu#&

//2 d.c/éhaw/e:(ﬁls “
4

7006( messaae .

844/ CA‘( '{AYQ»« h
mpsTage. A ',///u/

a7ﬂr}' 1y SWHOTRY £ .



I
’ SEVD MESSASE (¢ )

a (swowr (0&/7‘/,(/05@}

GO 70 SBUFOF Befper ovor /gw
Ml/ Iu/ 'fr7 474"’.

Y ﬂ-/ Alruftr '

G0 rO M| S

was Ok | Uste must

Aj AAV¢ mala 7‘/’ 2rror
/U,Y/ ro? /r7 a::..;,'..

Yol co rosaapem| Bad characti
I ass . sty Errov

W no? f,y 474”' )

COUN e
COVT +/ &d’acflr /:, one 074 7«0:1
0*1/1'(/”‘ ‘ed, Losk 2t rat
one wnless CoydT =0,
/
(/rxw&u: /-7.) GO 7o SNOWT
SKoRsP: Y
warsp = Mo 1sponse . Make & hota
AORSP + ¢ ‘ '
% 7 and /r7 4—7"/”/ cnless
* Saprey =o.

CALL SNDER £ l




/fc//am /éOu//ﬂ;lJ //:‘4/ 57 3
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SEVD MESsASE (7))

SBOSM ; j
LBALOSM S
-~ Bad chockscom
BADSMS 1 ' :
CAAL SMDERK A/lk/l'f h/“"'fl bt focatyom
Y tnstoiec Fron Fhet involad /7
'3 stored FLera for Vv EaNCL
SNDERL! ENTRY #1 docation o ,m/m’, Inshraction Aere.
SMNOTRY 4— 3}’ar:54 htre whon
Send 2rror 4 b«n/wllcz
SNDTRY#/ d///ows S/VD“A/JI%

CALL SNDEMD

SHOTRY #0 .

V]
‘éﬂ 70 5,0049/1

77‘/:/ 5 Armes
and /fos?

[

SOBUFOF !
[
BIFOFS £ ﬁ/er :/e? o
CALL SIDEWD Errar re Furn
SBADCH '
BADCHS~— Bad clwrator
BADCHS #+/ p» /,a/,n'?

'

CALL 5UDEA/q

Erra r /e /a ~n



/{C/”"’ /65«//»;'21- J/Sz,;/ Z7:

- b7 -

SEVD _mMESSASE (3

'

g I TET /AE mﬁ
Ervor refurn

SLACM ; *
BADL CMS—-— 8 / CAa/MW
BADCMS */ n messane
CALL SVDEVD frko, /‘—C/ukq
W SAOTIM a/'rfy * 7 Localtion of Invaking s Pruction Aert. —
| 7/MOY T - . oo ‘ '
2 (SNOEME) C/"”7e 77/"0(4/’ return o
i Jm.c/“?.lnr.y LxsY |
TTrouT= ' ' *5 . EWTR
7imze Pan Out - ANDEMG AVTRY
STA0VT A Ib'v ffdﬁJM/.SS/.;n

“Teomp? o 60 7o sEXIT

* Suggested modiliext ows

CALL SWOEND
5”005 g ’ * :'a; CLSS mm‘-c
SNOMES -«— .
SNOMES +/ /&fhrh Aca,//an /s 4/ SWIMES . /%/n&r\
/14.5 éﬂn 4// USOPrs R©rror r,(/urn /ocaj‘/on.
* \Y/—"'a JUCCessS fo»dfe »445 boe # 74@9«;«,/ /9 ) )
SEv : St smant Fh /oc aFos
7ok =— St sessase /Ou//hz/ rncre
. / ,
SENTOL +/ 0,7 ome S0 as A /oo,“_/ af users norma
* Ve forv sr JOcaeom .
CAAL SWDED
Norma! return

SMODEVL > EXVTIRY '

¥sexir:

Ac<~"For"

y

CALL KCHAR

*}

+! Locatwon af /n'r,,t,,;7 s nsFruction here

Jewd W;/ *44415»./: s/0n

Soud as character

oar,
pl){ur’

CREAR RECEIWE ARETIVE

ﬂCc?of AO OrR céanu//ers uu/t.rs'=3’y,(/_

(Kcwar)

Y

KErvew

M//ll /OO/.A/'éJ "é “ Szrsb

Rofarn o 2 (SHOMES );

Crror refurn or normad
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TLRANSMIT (1)

#/ Kocation of //'Va[/»'f7 s ructon hare .

XCHAE &= EUTRY

!

7;4,»;5»./7‘ 7“( r/,?.ﬁ/ ms?" } é/’/; Z——@-AC
WE —=— AC rﬁfoor‘b/ Qs ﬁa.s / c Atnu,/zr S@n)‘
T/ME«*_MX 3 F ‘7’ 7% allow 200/(45&%0'%5
75 Commrunicall w A inte 7441 .
N failure Roule
T./ME“_ y XTMOUT - (an ou?
TIME +1 XTMOUT+I| o Fime
Y ﬂtz /l'lbr e /3 rzal:, /o *
’ AC—— WC CPansmi? e mfc/itmcfllf A Z'(f/uaur) 't%/:‘:: /5?
Fut characler to. A@ sent 7_”10”;’"
‘ , It AC . oLl i,

}77?,4,(/5,«4/7' A CHRRACTFR 54,4/,,;7 He cédra,&/?(ly /n/us claarim '
! U % . Y caunse e ,',,Jfrac//an
( CAEAR 7HANS M7 FLAG % /m“””// Af “

u #o ba f‘/;a/oe/]//' -sa(a:sja/.

ERROR Z m/am/mm /;;f:74u /'f /ur,zl #Ae ,Dm7”'" hatts.
"?Emfr HALT Can ol /m/a/u% /,‘,ﬁ,\-f;a. goes sriac#ve (fooses 57"-’—)
(’”&?«) : -faccess (Oa«/L
‘ZZ‘;—,’ f’ff0£ﬂ Loturns Fo z ['V(””e/- Character 1s éﬂ-""? sent
(1nterpact) andt is st o AC.
XSCHAR ! EWTRY #1 hocation ¥ imvokiny instruction are
v Transm ¥ a CAtraI,/lr and add ¥ % 6Mrum B
AC—‘_II " .S'fn/’p ?/‘ a// A utt r,,’,{/m”f‘ ¥y (kd,:f J,-fa/rca,-/)é;é
ACNSTE o AC 4, AND ing” AC with 377y
Y
CALL XCHAR Send the character

|

MIORMAL SUM -

rerven ) AC +SUM AdL ¥ o Sum.

]

PETVRN Keturns o 2 (r(.)’(l/ﬂ,e), Current checksum in AC.
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TRANSMIT (2)

XA WED ENVTRY +/ Kocafron t;[ /;vafn;y /J;?‘ch/m'n here .
' g'é/’/
’ SHIFT RISHT ZZapsm.?_an ASCIL word. Assume 2 £mas?
v vy ¢ o / a5
AC ¥ MQ right 'u:/yuz/ choracters in AC . Soad ? ”
& PLACES ong _first.  Format below.
0O 10 /7
AC)| X K Ao Ay As 45 As s Ach, Bobs 6, B Br 5 B By |
, MA(0) = Dowr carE " Ly
Cace rscrme BEQ) | X X« DONT CARE « « « X Ao A Az As Ag As Ag 4-,J
l 7 /7
2 : A30) E,8,8,858. 858, M, - -- ?aurqﬂs‘ ..
Aatusl SHIFT LEFr P e e - e m o ——— --.
RETYRY AC+mMQP | o /0 /7 \/
& PLACES J’Q)OOCO--'A?UTW£--C,B,B,B_;&&&—&E,
5 l PMAG) = Lovr caee
CALL X3CHAR Seud aund sum character.
T
YR PEyroRAN Relurns # Z'(XAWED)




XBWRD:

o

EMVTRY

'

|

M@ <—AC

SHIFT LEFT
AC £ MQ
6 PLACES

/

Y

CALL XBCHR

!

2 |

AORMAL
RETYRN

SHIFT LEFT

AcC +ma@
& PLACES

!

CALL X BCHP

4 .

Y
)
)

NORMmAL
REYVAM

THIFT LEFT

AC + M3
G PLACES

5

CALL KBCHR

1

!
!

v
0R m AL I
RErRny

LRE 7R
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THAISMIT (3)

#/ Location af /‘m/a(/h7 mstraction hery

THnsm# a E/r;.qr:, weord . Send gs 3 F-8/%

characters 't/:’n"y G &/ ts AC 1n cach
charactyr. Jend /—y/‘mosf‘ & bi¥s a/ AC]//rs.‘,

Format balow.
o 7
Ac)| B 8, ++ - .8, 5”[
MQ0) = powr cAkE -

o 10 jr 12 7
Actr) | X+ oo DoT cree - - - X/f(‘goggz%%‘sl
o U {2 7
MaQ(r)
[4 &87,.-. "'363'7’( . o .-xj
:EM/»"? Bo-8s
— - —~ __ -
N
4 /0 11 12 /7 )

AC@) Xoeo aWJSF CARE , .4 X X X 8. B, Bg 578/08/:(

All that /s used.

Forma 4 s Ei”'lr7 aﬂfﬂc/er anA send,
jenﬂ’/n'7 56 "8//
17

o /2
s XJ81535/¢5/> 7

AQS)|X - - - Dow'T CARE

;ehﬂllh% 8/2 _8I7

Roturns fo & (XBWRD).
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TRMISN! | T (#)
ENMTRY +/ Location o invoking 1i sHrucfron 4(,,(
X BCHR l o 4 7
‘ 7;4115”1/'7‘ A [?/h’arq c/ara,/'é:'
AC - ’ o
AC” U77; 5""//“’ c/’[/ a// Ju/‘ rr,k/nms?‘ & //Msf 3’17/4}//.'»“‘/
’ . ), ¢r
‘ AII*S yAC. ‘7 ’MOIN, “AC w4 77;
AC—‘—” " Maf Ahis suto ASCTL son-control r‘7,,:3-¢
Ac @ /00; dard.ffjrs /7 ”EXCLUS/VE orR ”"7 AL
/ ‘ oév A “r W, ”. /0 ’7
o - -- so o
cace xscuad A0 001 XXX XXX
'T /"m}vsm.'f anA sum A= Cédmcﬁf.\—/‘\/_\—/
" 8#1.6‘07 (/mn:. :7‘4/‘
AORMmas .
e RETLRN feturns Fo 7 (XBCHR)
(/sc//ll)
XCLSYN @ EVTRY Ft Aocatien o smvoling imsFruction here
l C/ear liie and s4nc
AC <3S/ SYN = 226‘? . Cﬂnr;w#loin ) WYVU
‘ 3 Armes luf.rz snessage AransmiSsIon,
ALL YCH :
AL TR Senk as charachr
:Z'ﬁ::fl Cace xcmar|. syn” s st m AC .
¥
|
MR, :
W AL XCHAR
i
]
i
A RETUR W Iﬂt‘urns Ao ?'//CLSYAI)
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COMMUNICATIONS PACKAGE ERROR PARAMETERS

Receive Errors in Message

Each time an error occurs within the Receive Message Procedure, the source

of error is indicated by adding "1" to one of the following parameters.

BADCH Bad character in header; produced in header processing, if an "ETX"

was found during, or "STX" was not found after, the header was processed,

Note that other types of header errors are possible.

BADCM Bad character in message; not used (see TXERR).
BADINT Bad character after"SYN"; produced when a character other fthan

"ENQ" followed the '"SYN" sequence at beginning of received message.
BADSUM Bad checksum; produced when checksum maintained by Receive Message

Procedure did not match checksum received after "ETX'" of message.
BUFQVF Buffer overflow; produced when message text received exceeded size of

buffer space allocated. The part of the message that did not fit

was lost.

DUPMS Duplication of last message; produced when message number contained
in header was same as last message number. Message numbering is
maintained by the Communications Package.

DUPOMS Duplication of old message; produced when message number contained in
header was smaller than last message number,

INTCH The last character received before an error return due to NOENQ or

BADINT. Otherwise, INTCH contains the "ENQ" character.

NOBUF No receive buffer; produced when user did not provide RCVSET with a
buffer, after response to "ENQ: request to send a message.

NOENQ No "ENQ"; produced when "ENQ" does not follow "SYN" within 8 characters

of the "SYN" sequence at beginning of received message.
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No message header found; produced when no "SOH" was received within
8 characters after sender's "ENQ" was received and acknowledged at
beginning of received message.
No "STX" feceived after message header was processed.
Text error; produced while receiving text if a control character

other than "ETX" was received.

Send Errors in Message

Each time an error occurs within the Send Message Procedure, the source

of error is indicated by adding "1'" to one of the following parameters.

BADCMS

BADCHS

BADSMS

BUFOFS

NOANS

NOBUFS

NORSP

Bad character in message; produced if received response to message
after it was sent was "DC3" indicating receiver found bad character
in message.

Bad character in header; produced if received response to message

after it was sent was'DC2" indicating receiver found bad character

in header.

Bad sum; produced if received response to message after it was sent
was '"NAK" indicating receiver's checksum did not match SUM sent as
binary word.

Buffer overflow; produced if received response to message after

it was sent was "DCI" indicating receiver's buffer overflowed.

No answer; produced before message was sent if no "SYN" sequence was
received within 10 milliseconds of sending an "ENQ) request to send
message.

No buffer at receive end; produced before message was sent if '"NAK"
was received in response to "ENQ? request to send message.

No response; produced after message was sent if no legal response

character was received within 7 character intervals after '"NUL"



NOWAK

RSPCH

STMOUT

WAKCH
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send sequence.
No acknowledge after 'SYN'"; produced before message was sent i received
response was "SYN" sequence, but not followed by 1eéu1 "ACK," 'NARY
or "ENQ" replies within 10 millisecond response time alloved.
The response character received after a message was sent. [f the
message was sent successfully this character will be "ACK," otherwise,
the type of error indicated should identify RSPCH.
Timeout occurred while in Send Message Procedure. The timeout may
have been due to attempt to transmit or receive. See Error Parameters
Common to Send or Receive Message Procedures.
The wake character received before a message was sent. It is the character
received in response to "ENQ," request to send message unless NQANS

wag indicated.

Error Parameters Common to Send or Receive Message Procedures

ENDRCV

RTMOUT

XTMOUT

Receive End Flag came on; produced when the Modem‘has lost line control
(usually due to lost synchronization) in RCHAR routine attempting

to read next character. |

No Receive Flag indicétion before timeout occurred; produced when
Interface did not signal that it has received a character within

200 microseconds after entry into RCHAR routine (usually due to
Interface in Receive Inactive state and no "SYN'" sequence arrives to
activate it),.

The last character successfully received by the RCHAR routine.

The last character sent to XCHAR routine to be transmitted.

No Transmit Flag indication before timeout occurred; produced when
[nterface did not signal that it was ready to transmit a character
within 200 microsecondé after entry into XCHAR routine (usually due

to loss of sync).



