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CHAPIER 1

Introduction

The MIni - MIcro Computer System (MIMICS) is Dbeing
developed at Kansas Stats University as a network of mini
and nmicro-computers for a distributed data base systen.
This network is designed to use mini and micro-computers in
crder to provide the maximum amount of computing power at a
minimum cost. MIMICS fuaanctions can be at geographically
dispersed locations or in clustered activities and only the
speed at which these functions are accomplished is affected.
The computers in the n=2twork are not 1limited to one
manufacturer or type, therefore the 1links between them must
be universal. One type of link used between the computers
is an asynchronous lina. This paper contains a descripticn
of the design and implementation of an Asynchronous Control
Line Driver (ACLDE) in the MIMICS network for these lines.
The driver handles the functions necessary for sending and
receiving >f control infornatioﬂ between computers within a
cluster of the network.

1.1 Structure of the Paper

The remainder of this chapter contains an overview of
the MIMICS network architecture based on the description in
reference WHA76, It also describes the function of an
Asynchronous Control Lime Driver (ACLDR) in this network.
Chapter 2 presents the reasons for using asynchronous lines
in MIMICS. 1In it are described the asynchronous 1lines in
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general, and then specifically, Interdata's Programmable
Asynchronous Single Line Adapter which is used to link two
Interdata machines together for this report. Chapter 3
gives the description of the Asynchronous Control Line
Driver as implemented using Interdata's Common Assembler
Language. Chapter 4 presents the Concurrent PASCAL version
of this driver which runs uonder a KERNEL on the Interdata 16
bit machines. It also describes a special entry point in
that Concurrent PASCAL KERNEL which the driver uses,
Chapter 5 gives a comparison of the two versions of the
driver plus a summary of the work completed and some

extensions to conclude th=s raport.

1.2 MIMICS Network Architscture

This section presents an overview of the MIMICS network
architecture. It is not intended to give a detailed
description of the entiras nstwork, ~but just the necessary
elements to give the reader an understanding of how the
Asynchronous Control Line Driver functions in MIMICS. This
overview is based on refarsnce WHR76, which gives a much
more complete look at the network.

The general confiquration of the MIMICS network is
shown in FPigure 1.1. It consists .of nodes, which are known
as ®clusters®, connect2d by low sPeeq synchronous
communication paths. It is not necessary that the clusters
be geographically remote £from each other but they probably
vill be. Each cluster contains one or mwmore central
processing units (CPU's), all located "close"™ to each other

- -



Figure 1.1

General Configuration of MIMICS



(on the order of tens to hunireds of feet). Localizing of
these CPU's in a cluster provides for interconnection with
high speed synchronous data paths (perhaps 5-10 Megabytes
per second transfer rate).

This is the view of ths network that the average user
might get. The actwal makeup of MIMIZS is much more
complicated. Figure 1.2 shows a possible machine
configquration in a cluster. It contains three host CPU's
and two Communication Controller (CC) CPU's. The double
lines represent high speed data paths and the single lines
represent low speed control lines. The circles on the
single lines are the hariwar2 interfaces which operate the
lines. Most of the burden of network communication is given
to the CC's to lessen the loal on the host CPU's. Each host
is connected to a CC via a KSUBUS. This bus provides high
speed data tranfers from the memory of one CPU to that of
another on the same KSUBUS under control of local Data
Movers (DM). It also allows this fast transfer of data from
one KSUBUS to another KSUBUS in the same cluster through
remote Data Movers. The job of a CC is to communicate with
the hosts on its own KSUBUS and with the other CC's in the
cluster to set up the Data Movers to accomplish this
movement of data. One CC in each cluster is designated as
the enter/exit CC and its function is to handle
communication from its cluster to remote clusters across
synchronous lines, Asynchronous lines carry control
information between the different CPU's within the cluster.

Rhen a CPU requests some data through its operating
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system, the control computer associated with that host is
contacted via the asynchronoas line 1link. The regquest is
then passed to the network message system which takes the
necessary steps to find the requested data. There are many
distributions of data and many ways of supplying that data
to the requesting tasks.

1 - If the requested data exists in the host's memory
or the memd>ry of another host on the same KSUBUS, then the
CC sets up a high spzed copy of the data into the memory
area of the requesting user task.

2 - If the data resides in the CC's 'nemory then a
similar high speed copy is exzcuted.

3 - If the data is in the nmemory of a host in the
cluster but not on the same KSUBUS, then the CC's associat=zd
with the hosts arrange for the transfer of the data using
the Remote Data Movers that connect the two KSUBUS's.

4 - If the requested data exists in a remote cluster,
it is transferred first to tha enter/axit CC of the cluster
wvhere the data resides, then across a synchronous 1line to
the enter/2xit CC of the cluster of the requesting host, and
finally to that host across the KSUBUS.

Of course, these ar2 only a few of the possibilities,
but they should give ths reader a feel for the types of
transfers that may be needed. These examples are also
illustrated in Figars 1.3, which was reprinted, with
permission, from refersncs WHA76.

There are two types of computer-to-computer connections
using asynchronous lines in the MIMICS network. The first
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type is the 1link between a host computer and its
communication controller (CC). In Pigure 1.3, the data
reqguests are sent across these asynchronous control lines.
The second type, which also uses asynchronous lines, is the
connection between coammunication controllers in a cluster of
the network. This type is shown in Figure 1.3b.

The requests for data that are sent across the control
lines are set up in th2 Asynchronous Communication
Processes. These processes then call a driver for the
asynchronous lines to tramsfar the requests. The design aad
implementation of this Asynchronous Control Line Driver is

presented in this paper.
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CHAPTER 2

Asynchronous Lines

One major problem in 32signing a network is how to
connect the computers together without having to build
special interfaces between th2 machines. One method chosen
to transmit control messages for the MIMICS network is to
handle cozmunication across asynchronous lines. This
chapter contains the basis for this decision, the
characteristics of asynchronous lines, and how they are used

on the Intzrdata 16-bit machines.

2.1 Motivation for use of Asynchronous Lines

In an effort to minimiz2 the amount of money and time
spent to davelop the MIMICS network, asynchronous lines were
chosen to <carry contrnl asssages between computers. This
choice wvas made because "off-the-shelf hardware" for these
lines can be used, they are basically universal, and they
are relatively straight-forward to operate.

Most manufacturers of coaputers have designed and built
asynchronous line interface hardware that is compatible with
their machines, thus =2liminating the need for the network
developers to design, build, and debug then. This greatly
reduces the time and money spent for 1linking the computers
together.,

RS-232C is the Electronic Industries Association
interface standard for Asynchronous Lines. This is very
important because a network can be made up of many different
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kinds of computers and if th2 connections between them are
similar, then the interface drivers which control these
connections can be similar also. Because of the RS-232C
standard, greater portability of the control line driver
between machines may be obtained.

all asynchronous interfaces which are RS-232C
compatible have common output signals of Data Terminal
Ready, Rejuest to Send, anl ome output data line, plus
common inpat signals of Carrier, ©Data Set Ready, <Clear to
Send, Ring and one input lata 1lin=. These wires are
connected to different data sets according to the needs of
that data set. The use of these signals for this report
will be discussed in the following sections.

Since the interface hariware handles all functions of
the actval +transmitting and receiving of data across the
wire, the device driver is only concerned with transfering
data to and from the ignterface and handling interrupts from
that interface. The handling of interrupts differs
depending on the machine used, but the different hardware
interfaces wusually interrupt in like manpner, i.e. an
interrupt is generated wh2n a character eanters the interface

and one is generated when a character leaves the interface.

2.2 Characteristics of Asyanchronous Lines

Asynchronous lines are characterized by data
transmission with an unknown length of time between
characters. The data flow across the line is independent of
the operation of the central processor and the timing needed



for the hardware interfac= is part of each character being
transmitted. This timing is in the form of a start bit at
the beginning of each charactar and one or two stop bits at
the end of the character. These bits are attached to and
deleted from the character by the hardware.

In Figure 2.1 we show how the character "sS" is
transaitted on an asynchronous line. The start bit informs
the hardwvare interface of an incoming character. The 7-bit
character is next. The 8th bit of this character is used
for parity, followed by either one or twd stop bits. 1In
some interfaces, such as Interdata's PASLA [INI01]), the
value 5f this bit is determined and checked by the hardware
for possible errors in tramsaission, but in others it must
be sofﬁware controlled. Cartiin interfaces, like the PASLA,
also allow the character length to beé as little as 5 bits
lJong. The 1length of the character is either hardwired on
the interface board or under program control.

Since asynchronous 1lines are predominantly used with
modems or terminals, special signals known as Ring, Data
Terminal Ready(DTR), Data S22t Ready(DSR), Carrier (CARR),
Regquest t> Send (RQ25), and Tiear to Send(CL2S) are wused
along with Transmit Data(TDATA) and Receive Data (RDATA).
Hith a hook up betwean a terminal and a computer using
modems and a telephone 1line similar to PFigure 2.2, the
connection and transfer of data from computer to the
terminal would be obtained.as described in INTOS:

1. The operator dials the cbnputet using the

terminal's telephone.

-13-
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2. A ringing signal goas through the answering
modem to the compater.

3. The computer returns a DATA TERMINAL READY
(DTR) signal to the answering moden.

4. The answering modem sends a tone signal to the
originating moden. Th2 operator hears the tone
and presses the data buotton of the originating
nodean, '

5. The originating modem sends a DAIA SET READY
(DSR) signal to the taraminal.

6. The answering molem sends a DAT'A SET READY
(DSR) signal to the computer.

7. The modems are now in the data mode.

8. The compater zan raise REQUEST TO SEND (RQ2S)
which informs the answering modem it wants to
transmit data.

9. Th2 answering modem then responds with CLEAR TO
SERD (CL2S) and bsjyins transamitting a carrier
signal.

10. The originating modea detects CARRIER ON (Z0)
and informs the t2rminal that the computer wishes
to transmit.

11. On detection of CL2S, the computer <can start
sending data to the terminal.

12. The terminal receives the data as transmitted,.

13. When the computar has finished sending all
data, it drops REQUEST T) SEND (R22S).

14, The answering =molem then stops sending
carrier.

Steps B8 through 14 can be repeated (possibly with roles
reversed) until either eni tarainates transmission.

For this report, th2 nuaber of wires running between
machines was kept to a minimam, therefore, several of these
signals were not neeled. . The only ones used were Data

Terminal Ready (DTR), Carrier (CARR), Transmit Data (TDATA),
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and Receive Data (RDAr'A). In Figure 2.3 we show that DTR
was used to activate the CARR siynal of the other wmachine,
and as with ﬁorual connections, TDATA was tied to RDATIAX of
each machine. A coamon ground wire was also run be=tween the

machines.

PASIA 1 PASIA 2
DT » CARR
CARR[< DTR
RDATA% WDATA
WDATA RDATA
GROUND -{_ GROUND !
Figure 2.3

Connection of two PASLAs for MIMICS

2.3 Interdata PASL2A

For implementation on the Interdata aachines the
asynchronoas lines are controlled by Intsrdata's
Programmable Asynchronous Single Line Adapter (PASLA)
[INTO01). The PASLA is a hariware device that is connected
to the Multiplexor Bus and provides an interface betwaan the
Interdata computer and a number of data sets such as a CRT
or a uoden; Depending on th2 +type of data set, the PASLA
can be wirad for Half-duplex or Full-duplex operation. It
can also be wired for two different baud rates, ranging froa
47 Baud up to 16K Baud (th2 value of K is 1024). The choice
of which rate to use plus several other options is
determined by the programmmer communicating with tha PASLA.

=] 7=



He accoaplishes this by using the machine 1language
instructions Sense Statas, Output Command, Write Data, and
Read Data [INTO2].

The Sense Staius (SS or SSR) 1instruction is used to
interrogate the status of the line and to test whether a
character transfer was complate and correct. When an SS
instruction 1is used, the davice +to which it is directed
returns an 8-bit status byte. The format of the Sense
Status instruction is:

SSR R1,A2(X2) S2ns2 Status
SS R1,R2 Sense Status Register

R1 contains an 8-bit dsvic2 address and the returned status
is placed in the second operand. The format of the status
byte of the PASLA is shown in Figure 2.4 and explained

below.
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bits

(0] §

PF

FR ERR

RCR

BSY

EX

0 1 2 3 4 5 6 7

PF FR CARR
ov ox ERR | RCR | BSY | EX OFF | RING
CL2sS
Piqure 2.0

STATUS BYTE

The Overflow bit is 1 when a character
that was received by the PASLA was not
read bzforz another one was received.
The last character to be received is
the one that exists in the PASLA.

The Parity Flag bit is 1 in read mode
if received parity does not agree with
the programmmed parity. It 1is 1 in
transmit mode if the Clear to
Send (CL2S) signal is not being sent
from the data set.

The Framing Error bit is 1 if an
incoming character has no stop bit.

The Reverse Channel Receive bit is an
option with some half-duplex data sets
and is uased to indicate the state
(vhether tramnsmitting or receiving) of
the data set.

The busy bit is 1 vhenever a character
is being transmitted or received and
indicates that the processor cannot
transfer data to or from the PASLA
without mutilating the character being
transmitted or received.

The Examine bit is disabled on the
transamit side of the PASLA in
Full-duplex mode and is set to one on
the receive side if any one of OV ,PF,
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or FR ERR bits are set.

CARR_OFF TPhe Carrier Off bit is one if the
Carrier Signmal is no longer being
received.

RING The Ring bit indicates that a ring
signal is coming from the data set.

In order to set up tha PASLA, the programmer needs
some way of commanicating with it and this is done with the
Output Command instruaction. The format of the Output
Command instruction is:

ocC R1,A2(X2) Output Command
OCR R1,R2 Output Command Register

Rt contains an 8-bit 3device address and the second operand
contains the command byte that is sent to the device. This
command byte is of two forms which are shown in Figure 2.5

and explained below:

bits 0 1 2 3 4 5 6 7
ECHO| RCT | TRANS; WRT
COMMAND | DIS | EN | DTR|PLEX| or | LB or 1
BYTE 1 _DTB RD
bits 0 1 2 3 4 5 6 7
J I
COMMAND | X | CIK| BIT SEL ;STOP | PARITY 0
BYTE 2 " |BIT |
Figure 2.5

COMMAND BYTES

Bit 7 tells the PASLA which command is being sent to it and
Bit 0 of COMMAND 2 is anused.
PASLA COMMAND 1:



DIS/ER

DTR

ECHO-PLEX

RCT/DTIB

TRARS LB

WRT/RD

These two bits are separate for Transmit and
Receive, They control the interrupts of the
PASLA in the followipyg manner:

0 -0 No Change

0 1 Enable

1 0 Disable(interrupt queued)
1 1 Complement (Change State)

When the Data Terminal Ready bit is 1 then
the DTR sigrpal joing out of the PASLA is
made active

When this bit is 1, any incoming character
is transmitted back out.

Reverse Channnel Transeit and Data Terminal
Busy are options of certain data sets and
are unused in this implementation,

When on, ths PASLA transmits a continuous
space, It is unused used in this
implementation.

Inorder to g2t an interrupt when a character
has been transmitted this bit must be active
otherwise the hardware holds the busy signal
high until a character is received.

PASLA COMMAND 2:

CLK

BIT SEL

STOP BIT

PARITY

The PASLA boarl can be wired for two
different baud rates and if this bit is 0
then the lowz2r of the two one is chosen,
otherwise the higher one is used.

These two bits select how w®many data bits
there are per character, not including
parity.

Namber of data bits

Bit 2 3
0 0 5
0 1 : 6
10 7
11 8

When this bit is O then only one stop bit is
transmitted, otherwise two stop bits are
sent,

Parity is set according to the following
table:

-21~-



Bit 5 6 Parity
1 0 #3113]
1 1 EVESN
0 x NONE

Since the only control signal being sent out of the
PASLA is Datﬁ Terminal Ready and the only one received is
the Carrier signal, bits 3 through 6 of COMMAND 1 are not
needed and are set to zero. After COMMAND 2 is issued to
the PASLA to set the baud rate, the number of data bits,
the nuaber of stop bits, and the type of parity to match the
two machines which ara connacted, COMMAND 1 is issued to
turn DTR on and set the interrupt conditions for the PASLA.
COMMAND 1 must be issued once for the receive side and once
for the transmit side if both are to be used. If a
character 1is to be sant to the PASLA then a Write Data
instruction is issued. The format of the Write Data
instruction is:

WDR R1,A2(X2) Write Data
WD R1,R2 Writs Data Register

where R1 contains an 8-bit levice address and the second
operand contains the 8-bit byte to be transferred to the
PASLA. W#hen the byte is transmitted out of the PASLA, an
interrupt is generated by the device if enabled. If
interrupts are not desirsil then the WD instruction camn be
issued and status of the PASLA can be sensed until the busy
flag goes to zero before sa2nding another character. This ié
known as a "bunsy wait loop". The disadvantage of using "busy
vait loop" is that it ties up the processor until the
character has been transmittei. A “busy wait loo§" can also
be used to wait on a character to be received by the PASLA
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or an interrupt can indicate to the processor that a
character is available, When a character is in the PASLA,
the program can get that character by issuing a Read Data
instruction. The format of the Read Data instruction is:

RD R1,02(X2) Read Data
RDR R1,R2 Read Data Register

vhere R1 contains an 8-bit 3d2vice address and the character

is put int> the second operand.

2.4 Example of a CRT Driver Using a PASLA

To give the reader a batter feel for the operation of a
FASLA, an example is given next. It shows the types of
output commands that are issned to control the PASLA for a
CRT in full duplex mode.

This PASLA is wired for full-duplex mode and a baud
rate to match the speed of the CRT. For this example, the
format of the characters transferred to and from the CRT
vill have sne start bit, seveam bits of data, odd parity, and
tvo stop bits. Because of this configuration, the Output
Command issued to set up thz PASLA would use a COMMAND 2
byte of the value, bipary *'01101100', This value can also
be represented as hexadecimal *6C' (X*6C'). The next two
Output Commands would be issued to set up the receive and
the transmit sides of the PASLA to enable interrupts and
activate Data Terminal Ready. The COMMAND 2 byte can be
sent to either side but the COMMAND 1 byte has to be sent to
both, if both are to b2 used. The receive side command byte

would be a X'61' and the transmit side would be a X'63'.
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After the PASLA has been initialized and a character is
received from the CRT, an intarrupt is generated if they are
enabled. When the processar recognizes the interrupt, it
sends control to a foutine which usually reads the character
out of the PASLA. When a character is to be transaitted, it
is written out to the PASLA. The PASLA then sends it out on
the asynchronous line. When the character leaves the PASLA,
an interrupt is generated, if enabled, to inform a routine
that another character can bz sent,

The frllowing program is a simple example which reads
in ten characters from a CRT and then echoes all ten back
out to the CRT, followed by a carriage return and a line
feed. The main routine sets up the PASLA, waits for the
message t2 be read in, starts the transmission of the
message by an Output Command to esnablzs interrupts, and then
halts. The RCV routine is 2ntered each time there is an
interrupt on the receive side of the PASLA. It reads the
character and puts it into a buffer. The XMT routine is
entered whenever an interrupt occurs on the transamit side of
the PASLA. The first interrupt is caused by Data Terminal
Ready becoming active from the Output Command. Subseguent
interrupts are caused by a character leaving the PASLA,
indicating another on2 can be sent, When the buffer is
empty, the Write Data instruction is skipped, terminating
interrupts on the transmit side. The code for this example

follous:
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CHAPTER 3
Asynchronous Control Line Driver -

an Assa2mbler Version

The decision was mals to use Asynchronons lines to
carry control supervisor information between machine message
systems within a clustar of the MIMICS network. Therefore, a
driver was needed <for thasz 1lines and it is called the
Asynchronous Control Line Driver (ACLDR). The ACLDR acts as
an interface between the Asynchronous Communication
Processes and the PASLA hardware.

| The ACLDR is designel to set up the PASLA and traasfer
the control information across asynchronous 1lines in the
form of System Control Blocks (SCEB). Figure 3.1 shows the

format of an SCB that is be2iny transmitted.

CHECKSUM SCB LENGTH

FPlow of Data

Figure 3.1
Format of SCB Being Transmitted
The length, which is transmitted first, is one byte long and
is equal to the number of bytes inm the SCB excludiag the
length and checksum bytes. Each byte of the SCB is sent
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next followed by a checksum. This checksum is the Modulo 256
sum of th2 length and all the bytes of the SCB. This
chapter describes the ACLDR and how it was implemented on
the Interdata 16 Sit machines, using Interdata's Comaon
Asseabler Language (CAL) [INT02], to transfer SCB's across

asynchronous lines.

3.1 Interrupt Structure

Before getting into the details of the ACLDR, one must
understand how the Interdata wmachines handle interrupts.
The Interdata has several types_ of interrupts, such as
External, Machine Malfanction, and Fixed Point Fault. These
are explained in reference I8I02. This section is concernad
only with Automatic I/0 interrupts which are used for the
ACLDR. |

When the processor detects an interrupt, it saves the
current state of the machin2 and transfers controsl to a
software routine to handle the interrupt. Automatic I/0
interrapts can be enabled or disabled by setting or
resetting bits in the Program Status Word. The Prograa
Status Word (PSW) [INT02] is 2 register in the machine which
defines the state of the processor at any given time. If
both bits 1 and 4 in the PSW are set then Automatic 1I/0
interrupts are enabled. If bit 1 or both bits 1 and & are
reset then they are disabled.

When an interrupt occurs and both bits 1 and 4 of the
PSR are set, the microcod2 of the machine takes the
interrupting device address, multiplies it by two, and uses

r28-



this value as a displacement into the Interrupt Service
Table (IST). The IST starts at memory location X'DQ* and
contains the addresses of the Interrupt Service Routines
(ISR) for 255 devices that could be in the system. Referring
to PFigure 3.2, if device L'11' gave an interrupt the
microcode would add 2 * X'11' to x'D0' to obtain X*F2' which
would be the memory location that contains the address of
the ISR for device XI'11*, When the ISR is entered, the PSW
at the time of the interrupt is stored in the first two
balfwords of the ISE and the new status is put into the PSW
from the third halfwori., The new instruction coanter in the
PS® points to the fourth halfword and execution of the ISR
begins there. The Load PSW instruction loads a new state of
the processor from a 1location in aemory into the PSW
register and when the ISR is to be exited, this instruction
is executed with the OLD PSW that was stored in the first
two halfwords of the ISR. In doing so the routine that was
interrupted regains control at the point where the interrupt

occurrced.

3.2 Relationship to Asynchronous Processes

As shown in Figurs 3.3, the Asynchronous Communication
Processes call the ACLDR via sne of its three entry points,
ACL.SETUP, ACL.RCV, or ACL.ANT. These entry points
commpunicate with the PASLA and the interrupt service
routines to set up the PASLA and transfer bytes of data to

and from it.
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3.3 Module Layout

In Figure 3.4 the modules of the ACLDR are presented.
The ACLDR is reentrant so a block of memdory is allocatted
for all the variables usad for each PASLA (Beceivz/I'ranssmit
pair). This block of memory is called the Device Variable
Table (DVT). The address of the DVT for a particular device
is found 4in the Device Variable Table Map (DVIMAP). Each
entry point in the ACLDR uses the physical line address
passed to it as a displacama2nt from the beginning of the
DVTMAP to obtain the address of the DVT for that particular
device.

When an interrupt occurs on a PASLA, the Device Map
(DEVMAP), corresponding to the device which caansed that
interrupt, is entered. The DEYMAP is similar to Int=rdata‘s
DCB [IDATO3 ]. It saves the current state of the machine,
sets up the new state for handling the dinterrupt, and then
branches to the Interrupt Service Routine. In the new
pmachine state, interrupts to the processor are disabled and
one register contains th2 aiddress of the DVTI. All the
variables used by the ISR are obtained by a displacement
from this address. The ISR is exited by a branch back to
the DEVMAP vwhere the pravious state of the machine 1is
restored and the processor —resumes execution of the code

vhich was interrupted.
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3.4 ACLDR entry Points

The Asynchronous Communication Processes can call any
one of the three entry points in the ACLDR, ACL.SETUP,
ACL.RCV, »>5r ACL.XMT. Before doing so, the Asynchronous
Process must store the parameters or addresses of the
parameters to be passed in an array of contiguous halfvords
(two bytes) in memory. Th2 address of this array is stored
ip General Purpose Registar 1 and the return address from
the ACLDR is in General Purpose Register 15, Each entry
point's functionpal specifications, the parameters passed to
them, and high level algorithms of their code are given

belov.
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ACL_SETUP(line_addr,return_code)

Functional Specifications:
ACL_SETUP is called by the Asynchronous . Processes to
set up the PASLA corresponding to the line_address passed as

a parameter to allow transmission of an SCB.

Parameters:
line_addr - entry parameter - Physical line
address of the PASLA being
initializel, '
return_code - return parameter - The return code
to the calling routine. There are two
conditions that can be returned:
0 - OK
1 - Instruction timeout
Algorithnm:

ACL_SETUP(line_addr,reutrn_code)
DISABLE INTERRUPTS
SET UP THE PASLA
IF WINSTRUCTION TIMEOUT™ THEWN
RETURN_CODE = "INSTRUCTION TIMEOUTI™
ELSE RETURN_CODE = #0K"
ENRBLE INTERRUPTS
RETURN.



ACL_RCV(line_addr,in_buff_addr,length,max_size,retarn_code)

Functional Specifications:

ACL_RCY is called by the Asynchronous Processes when an
SCB is expected to be recziv2d. The incoming SCB is placed
in the input buffer. If an SCB was not received after a
certain length of time, then the return code indicates this

condition and control returns to the calling routine.

Parameters:

line_addr - entry parameter - Physical 1line
address of the PASLA used to receive
the SCB.

in_buff_addr - entry parameter - The address of the
buffer wha2re the SCB to be received
will be stored.

length - raturn paraaeter - Thz length of the
SCB that was received.

max_size2 - entry parameter - The maximum size
of the input buffer.

retara_code - return parameter - The retura code

to the «calling routiae. There are
five conditions that can be returned:

0 - Recaption OK

1 - Loss of carrier indicating bad line
coniition

Bad Checksum; error in transmission
Timaout; SCB was not received in
allotted amount of time

"Length to large; length received was
larger than bufier length

= win



Algoritha:

ACL_RCV(line_addr,in_buff_addr,length,maxsize,return_code)
SET RECEIYE_MODE TO ALLOW RECEIVING OF CHARACTERS
DO WHILE TIMEOUT HAS NOT OCCULRRED
JF CAKRIER WAS LOST THEN
SET RETURN_CODE = "LOSS OF CARRIER™
CLEAR RECEIVE_MODE
RETURN
IF RECEPTION OF SCB IS DONE THEN
IF CHECKSUM IS BAD THEN
SET RETURN_CODE
ELSE SET RETURN_CODE
CLEAR RECEIVE_MKODE
RETURN
END WHILE
CLEAR RECEIVE_MODE
SET RETURN_CODE = MTIMEOOT"®
RETURN.

]

"BAD CHECKSOM®
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ACL_XMT(line_addr,out_buff_adir,length,return_code)
Functional Specifications:

ACL_XMT is called by the Asynchronous Processes for
transmission of an SCB from the output buffer. The length of
this SCB is transmitt23 just before, and a checksum right
after, the SCB itself. If the loss of carrier is detacted
during transmission then the retﬁrn code indicates this

fact, otherwise OK is return=i.

Parameters:
line_addr - entry parameter - The physical line
address of the PASLA used to transmit
the SCB
out_buff_addr - antry parameter - The address of the
SCB to b2 transmitted
length - entry parameter - The length of the
SCB being transmitted. This length is
attached to the beginning of the SCB
return_code - return parameter - The return code
to the calling routine., There are two
conditions that can b2 returned:
0 - OK ,
1 - Loss of carrier
Algorithm:

ACL_X&T(line_addr,out_bnff_addr,length,retnrn_code)

SIMULATE AN INTERRUPT TO START TRANSMISSION

D0 WHILE TRANSMISSION TAKING PLACE

IF LOSS OF CARRIER THEN
SET RETURN_CODE = "LOSS OF CARRIER"
RETURN

END WHILE

SET RETURN_CODE = "OK"

RETUEN .
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3.5 Interrupt Service Routine:

RCV ‘
Functional Specifications:

RCY is a reentrant procedure used to service interrupts
coming from +the receive side of a PASLA. The RCV rouatine
ignores all interrupts until ACL_RCV sets the Receive Mode
flag on. It then receives the length of the incoming SCB,
the SCB itself, and a checksum. If +the length is longer
than the buffer size, than only enough characters to fill ap
the buffer will be read in, The excess will be ignored,
resulting in a checksum error. If the length is correct but
the checksum is wrong then th2 return code from ACL_RCV will
indicate s>.

Algoritha:

IF LOSS OF CARRIER I5 DETECTED THEN
SET CARRIER FLAS
RETURN
IF THE RECEIVE MODE IS XNOT ACTIVE THEN RETURN
READ THE CHARACTER
IFP IT IS TEE FIRST CHARACTER THEN
SET THE BUFFER POINTER
SET LERGTH = VALUE OF THE CHARACTER
RETURN
IF THEE BUFFER IS FULL THEN
IF THE CHECKSUM = THE CHARACTER
THEN CHECKSUMFLAG = "OK"
ELSE CHECKSUMFLAG = "BAD CHECKSUM"
SET THE DONE FLAG
DISABLE RECEIVE MODE
RETURN
ELSE
STORE THE CHARACTER IN THE BUFFER
ADD IT TO THE CHECKSUM
INCREMENT THE BUFFER POIKNTER
RETURN.



INT
Punctional Specificationms

IMT is a reentrant proczilure used to service interrupts
comming from the transmit side of a PASLA. When a process
wishes to send a nessaée across an asynchronous line it
calls ACL_XMT. ACL_XMT s2ts up the necessary variables to'
transmit a buffer and than .simulates an interrupt to send
control to XMT. XMT then tramnsmits a character from the
buffer. Each time a character Jleaves the PASLA another
interrupt is generatel which informs XMT that it aay send
another character. XMT first transmits the length of the
buffer, then each character in the buffer, and then a

checksum.

Algorithnm:

IF DATA TERMINAL READY INTERRUPT THEN RETURN
IF LOSS OF CARRIER DETECITED ITHEN
SET CARRIER FLAG
RETURN
IF BESINNINS OF BUFFER THEN
I RANSHMIT LENGTH
RETURN
IF BUFFER EMPTY THEN
IF CHECKSUM HAS BEEN SENT THEW
RETURN .
ELSE TRANSHKIT CHECKSUM
SET THE DONE FLAG
RETURN
ELSE
ADD CHARACTER TO CHECKSUM
FRANSMIT THE CHARACTER
INCREMENT THE BUFFER POINTER
RETURN.

-30-



3.6 Notes on ACLDR Operation

The user of the ACLDR wmust know abbat certain
assertions and conditions necessary for its correct
cperation. The ACLDR assumas that any parameter that is
sent to it is a legitiamats variable, i.e. the line_addresses
are actually in the system, the buffer_addresses do not
exceed the top 9f memory, etc. Also, when 1loss of carrier
occurs because of a line bra2ak, hardware aalfuanction, etc.,
this condition is hiiden £raom the Asynchronous Processes

until the ACLDR is called to transmit or receive an SCB.
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CHAPTER U
Asynchronous Control Line Driver -

a Concurrznt PASCAL Version

Because of the difficulty in programming and dehugging
in assembler 1languags, tk2 ACLDER was also writtem in
Concurrent PASCAL. This high level language was designed
and iamplezented by Per Brinch Hansen [BRH75a)} on a PDP
11,45, It has also bzen "“ported® to an Interdata 8,/32 by
KSU personnel [ NAR76]. Tha NAVY has developed a KERNEL
{coz76] which runs on Interdata 16-bit machines and
Concurrent PASCAL prograas compiled on the 8,32 run under
this KERNEL. The remainda2r of this chapter first describes
the input/>utput machine of the EAVY's KERNEL and then the
implementation of the ACLDR in Concurrent PASCAL.

It is assumed that tae reader is fasiliar wita
Concurrent PASCAL and the compilation of programs under the
SOLO operating system [BRH76] {NAR76]. Since the 16-bit
Interdata machines' amount of mepmory is too small to ran a
PASCAL coapiler,  the KERNEL and any Concurrent PASCAL
prograas ranning under that KERNEL must be compiled on the
8/32 using the SOLO systam and transferred via mayg tape,

disk, etc. to the 16-bit machines,

4.1 IO_MACHINE
The KERNEL which runs on the 16-bit machines contains
an entry point called the ID_MACHINE [COZ76]. This entry

-42-



point was designed to allow the user to control the
operation of a device, inlepandent of a particalar machine
or device. This eliminates the need for the user to handle
the interrupts at tﬁe hariwar2 levsl and also hides from hinm
the actual method of transferring data to and from the
device, This howasver, loes not relingquish his control of the
device. The IO_MACHINE irstructions handle the usual I/0
functiosns >f issuing commands, sensing status, and reading
or writing of data for each levice. 2lthough a 1lot of the
work is done by th2 IO_MACHINE, the user mast still
understand the functional operation of the device in order
to know which output commanis control it and to anderstand
the status that is return2i. A device, in this context, is
the actual hardware interface which handles the transfer of
data to and from a terminal, disk, =etc. o>r in the case of
this report, to and from another hardware interface, i.e. a
PASLA.

There are 21 instructions available for the user of the
IO_MACHINE. These instructions can be divided into three
categories. PFirst, the device control instructions consist
of CHANNEL, COMMAND, SEKSE, WAIT_INTERARUPT, PREEMPT, and
FREE. Second, the flow of 2xecution is coatrolled by the
COMPARE, JUMP, and RETOURN instructions. The fimal category,
data transfer instructions, are DATA, START_INPUT, and
START_DUTPUT. The explanation of each individual
instruction can be found in Appendix A. This explanation is
contained in reference C0Z76; It was included because it was
pot a permanent recorl at KSU as of April 1977, and was
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found to be concise. A description of the instructions by
this author would be reluniant so the remainder 5f this
section is dedicated to an explanation of how the IO_MACHINE
is used followed by a simple example.

When the IO_MACHINE is cilled, the parameter passed to

it is a record in the form shown below:

io_record = RECORD

instruction_coanter: integer;

status: integjer;

bytes_transferred: integer;

internal_use: ARRAY [0..12] OF integer;

inst: ARRAY [O..max_instruction] OF integer

END %"record";
The instruction_counter 1is the index of which instruction
vill be executed next in the instruction array. The status
contains the device status in the lowsr byte of the integer
and IO_MACHINE status in the upper byte upon exit from the
IO_MACHINE. The number of bytes transferred is given next.
The internal_use array is for taa IO_MACHINE to aake the
code reentrant 2and is of no use to the user. The "inst®*
variable is an array of integers specifying the IO_MACTHINE
instructions and must have the starting index at 0. These
integers are the instructions interpreted by the IO_MACHINE.
Bach instruction will be rafarenced in this report by name
(e.g. IO_COMMAND or IO_RETURN) and not by its integer value.

The instruction array can be set up at either

initialization time or at run time., Particular instructioans

can also be added or changed at run time as long as the

instruction array index 31o2s not exceed the =maxiamua nuamber
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of instructions. If any instruction has an argaament, this
argument will be in th2 n2xt successive element or elements
of the instruction array. In the case of an immediate
instruction, the data is the argument itself; otherwise the
argument is the address of th2 data.

The instruction_copatsr in the io_record points to tae
next instruction to be executed. When the IO_MACHINE is
entered, the first instruction must be an IO_CHANNEL or an
IO_CHANNEL_IMMEDIATE instraction. Thes2 instroctions
jndicate to the IO_MACHINE which device to use, EBach
instruction is - executed in order unless a jamp is
encountered. A normal exit from the ID_MACHINE occars when
an IO _RETURN is executel. abnoraal exits are caused by
errors which occur during thne execution of the IO_MACHINE
instructions. These errors are also explained in Appendix
A. The error conditions irs returued in the STATUS word of
the io_recard, as shown ia Fijaere 4.1, with the value of the
device status in the 1lower byte and the value of the
IO_MACHINE status in the uppar byt:. This feature gives the
user the ability to look at the condition 5f the device and
take appropriate action to control the device in the manner

which best fits his neesds.



INTERNAL ' DEVICE

STATUS STATUS

Figare 4.1

I0_MACHINE STATUS WORD

4.2 Example of a CRT Drivar Using a PASLA

The use of the IO_MACTHINE is best described by a short
example. Section 2.4 gave the assembler version for a CRT
driver which reads in 10 characters and then -echoes them
back to the CRT. The followiug example does the same
function, but it is writtan in Concurrent PASCAL and uses
the IO_MACHINE. The Command #ords <for the Oaetput Zommands
are the same in both examples except that the assembler
version us2s a hexadecimal value and the Concurrent PASCAL
version ases decimal integsrs. In other words, the COMMAND
2 byte for the example in Section 2.4 was hexadecimal '6C!
and in this it is decimal *'108'. The Concurrent PASTAL code

for this example follows:



$T+4HY =2 CHTIASNI 1ILYIQIAIWHITIAINNYHITOL =2 CETILSNI
=3 [TTILSNT
=} COTILISNT

tNun3ytol
IONYWWUI™ON =2 CTTILSNI 11ndNI=LNY1S20I

PLANYYILNT=LIVYMN™O0T =t [6ILSNT

ITONWIL 40N L4NL0L#3789YNIL =2 COILASNI 13IVLIIQIWWITONYWWOATOT =t CLILSN]
1000L4840LS2L48118LL+HOTHL =% £IILSNT 1ALVIOIWWITONVWWOITOI =! [SILSNT
1{¥344na)ssIyaay =t CHILSNI 10T =! £FI19MT tviva~0t =% r2iisut

1189 =¢ CTILSNT $3AVIQIWWITTINNVHITOI =t [COILSMT

nN1938

00 ay03I3y~01 HLIM
wlINIw NIS3B

1AN3
ton3
w¥344ng AHL LNO ILTHM, PLOYOIIMTOINOL
tp =t sNLIVLS IgT =¢ DI
w0334 INITw 14 020T8)e =2 C2TIH244NP
wNYNLIY F9vINMYIM e(2€T2)s =2 CTITIMI44NE
. uSYIALIVHYHI 0T NI GV3He 1lQy¥0I3W~OI)OI
tp =¢ SNivylg t0 =& 2}
NIS38

00 OYOI3IN™OI HLIM

NI93e

131dWYX3 AMLINT IHNOII0Nd

1ZTANTT $¥344N8 $34AL70T $OMODIYTOI HYA
1HVYHY 40 C2T°°T] AVHHY = 2T3INIT 3dAL
tn3dAL™0Tu ONI
¥39IANI 40 CNOILINHASNITXYW® 0] AVHHY 3LSNI

1¥393INT 40 CET**0] AVHYY IVNHALNI
THIQIANT ITHISXTN

uNYNLIY NO SNIVLS INIHIYW Ol ‘SnivLS
w¥ILNNOI NOILINYLISNI OIw 21
0yod3y = 3dALT0IX
3dAlL
wALlldVd 000w th = aagoL
uSL18 4018 2n 10 = $d01S2L
u¥iva 40 S1IA Lw 2% = S1IAL4
wALVH anyaA HOIHu 149 = HOTIHL
wS118 2 ONVLWOIW
w1 ONVWWOIw 11 = TANWDL
w300W OY3IHe 10 = vl
) w3IQ0W 3ILIHMm € = LHML
wAOY3Y TUNIWYIL VIVOw $2€ = 4101

uNO SLdNHHILNIu the = I19vr3L
wS1I8 T ONVWWOIa
18 = Lvis™ASNA
162 = NOILINYLSNI=XYW
15M03
1SSV = SSYIITITdWVXI IdAL

weZTaX VISYd = LIy 16 = 14
1SNOD
T T L e T L T R P e e R R et e Rt it L
/ YISYd Vv ONISN ¥3IALWU LW /

WRRRRREARR KT AR RRER RN R TR AR R AR AR RN AR AR AR R kR RRR T R p Ry

~47-



*oN3
#SEYID 37dWYX3w taN3
a3
INMNLIYTOI =1 CEZILENI
11dNYMIINI=LIVYNT0 =: COZILSNT

10NVHWOI™0N =t [LZILISNI _h:1h30lhthMMop $ L92JL8NI
.h&=¢¢UFZn‘hH<3uoh =} [STILSNI
192 =3 CHEILSNI -umdqu|&231pcu =1 [EZILSNT
11¥187ASNE =t [2211SNI .Uchauz:uluzqmzourc_ =2 [TIZILSNI
13SN3STOI =1 COZILSNI
¥344n8)SSIY0AY =3 CE6TILSNT &Y =: COTILSNI :viva[0l = CLTILSNI
1TONWIL41HML+HLIOL+TIIBYNAL =2 [£91318N]

=1

131VI0AWITUNYWWODT 01 gstaLsnt

=48-



4.3 Relaii:nship to Asynchronous Processes

The Asynchronous Control Line Driver is functionally
the same for both the as2mbler version and the Concurrent
PASCAL version. The Asynchronous Communication Processes
call the three entry points of the ACLDR to set up the PASLA
(CALL ACL_SETUP), receive an SCB (CALL ACL_RCV), or transmit
an SCB (CALL ACL_XMT). Each entry point then coamanicates
with the PASLA to perform the desired opesrations. In the
assembler version, it is the job of the programmer to write
the code which communicat2s with the PASLA and handles the
interrupts coming from that PASLA. The PASCAL process (or a
class beiny executed by a process) needs only to call the
IO_MACHINE in the KERNEL, with a set of instructisns as
parameters, and the IO_MACHINE does the rest.

In Figure 3.3 we show several modules needed for the
implementation of the ACLDR in assembler language. Th= use
of Concurrent PASCAL and the TIO_MACHINE elisicates the need
for the wuser to progranm these wmodules. Concurcent PASCAL
allows the entry points, defined to be classes, to be
reentrant so the user do=s not have to be concerned with
special variable tables for each device, nor does he need
the mappingy of addresses to gain access to these tables.
Because of the features of the IO_MACHINE, Figare 3.3 for
the assembler version has besn reduced to Figure 4.2 for the
Concurrent PASCAL version. The ACLDR now contains only
three classes, each being an entry point called by the

Asynchronous Processes.
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4.4 Entry Points

The parpose of each entry point call and the parameters
passed with the call are id=ntical for both the asseambler
version and the Concurrent PASCAL version except for one
slight change. Section 3.4 presented the functional
specifications, the paramatars passed, and high 1level
algorithms for each entry point. To review, the calls and
the parameters passed were as follows:
ACL_SETUP (line_addr,return_coie)
ACL_RCV(line_addr,in_buff_adir,length,max_size,return_code)
ACL_xur(line_addr,out_bmff_adﬂr,lengfh,return_codej
The only difference between the two versions is that the
line_addr parameter is th2 actual hardware device address in
the assembler version where as it is a device index in the
Concurrent PASCAL version. Tae KERNEL uses this index as a

displacement into a table of the devices in the systenm.



CHRAPIER 5

Summary

In this paper w2 presanted the design and
implementation of an Asynchronous Control Line Oriver for
the MIMICS network. W2 havs shown how the ACLDR is used in
the network and why asynchronous 1lines were chosen to carry
control information in MIMICS. Implementation was
accomplishzd on an Interdata 7/16 and an Interdata 85 using
PASLA's to connect ths2 two machines. Tw> different
languages were used for this implementation. One version of
the ACLDR is written in Asseabler language and the other in
Concurrent PASCAL. This summary discussa2s the advantages
and disadvantages of usinj assembler langaage versus
Concurreat PASCAL in the implementation of the ACLDR, the
work coaplated, and a few possible extensions of the ACLDR

t0 other machines.

5.1 Comparison of Assemblar and PASCAL versions

The ACLDR was ficrst written in assembler language on
the Interdata 85. Since th2 operation of the PASLA for this
project is somewhat diffar=snt than most Input/Outpat
devices, assembler language provided a low enough 1level of
programming to éontrol th2 hardwars in the manner aneeded. It
also allowed the programm2r t> mipnimize the amount of memory
used by the ACLDR which is necessary because the ACLDR will
eventually be used in micro-coamputers where memory use is

critical.,



Programming in assenb%er language has its advantages
but it is very time consumming and often difficult to debug.
After the assenblgr version of the ACLDR was written,
Concurfent PASCAL became available for ths Interdata 16-bit
machines. This allowed the programming of the driver with a
high level language. Concurrent PASCAL eliminates the need
for the programm2r to manipulate addresses or registers or
to make the code reentrant. Along with these, the major
advantage >f using Concarcent PASCAL and the ID_MATHINE is
that interrupts are handlzi by the TIO_MACHINE. The time
involved in writing ani 32bagging th2 ACLDR in asseabler
languagje was approximately three times as long as for the
Concurrent PASCAL version.

The only disadvantag2 in using Concurrant PASCAL is the
amount of memory used. The assembler version of the ACLDR
used approximately 1K bytes of wmemory with one asynchronous
line, Each additional asynchronous line adds 134 bytes for
the DEVMAP and the DVT of that line. The IO_MACHINE, on the
other hand, eliminates the need for the Interrupt Service
Routines but it also usas approximataly 6K bytes of memory.
This code however, is utiliz2d by all peripheral devices.
The three classes that make up the ACLDR take nearly 2K
bytes of memory. On this basis, if the amount of memory
used by the ACLDR is not as =critical as the time and effort
of implementation, then development using Concurrent PASCAL

is wvorth the use of more memory.
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5.2 Worked completed

Both the Assemblar version and the Concurrsnt PASCAL
version of the ACLDR run on esither the Interdata B85 or the
7/16. The Concurrent PASCAL {ERNEL is different for the two
machines but this has no 2ff2ct on the ACLDR rumning ander

the KERNEL.

5.3 Extensions

ODne of the major resasons for the usa of Lsynchronbus
lines to5 carry contrsl information between computers in
MIMICS 1is that they ar2 fairly standard thraughosut the
computer industry. This allows the connection of any tvwo
machines that support asyncaronous lines. This project
involved 1linking two Int2riata 16-bit machines ' together.
Some other possible connections would be to an Interdata
8/32, an ALTAIR 8800, or a Data Gensral NOVA. The 8,/32
vould use the PASLA just lik2 the Interdata 16-bit machines.
The ALTAIR is a microcomputer which uses a Motorola
Asynchronous Coamunication Interface Adapter (ATIA). The
ACLDR woull then have to b2 writtenm in Intesl 8080 code which
is the assembler code for th2 ALTAIE 8800, If the NOVA were
to be nsed the ACLDR would nave to be converted to NOVA code
and hardware interface would be NOVA's 4029 modem interface.
The control signals used for the link between these other
machines would be the same for the 1links to the two

Interdata machines.
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APPESDIX A

IO_MACHINE Instructions

el_Imaediate (device index)

On every entry to th2 IJ_MACHINE, the device index
must be register=24 ba2fore any other instructions
are executed. This allows the IJ_MACHINE to maks
sare that the devic2 is known to the system, that
there are n> errors associated with the device, and
that the device has not alrsady been preeapted by
another process. The device index is an integer
established to raf2r2nce ths paeripheral without
needing to know its hardware address.

el (address of devicz inlex)

This is the same as 'Chiannel_Immediate' except for
the argument. For this instruction, the next
location in the instruztion array contains the
address where the device.index may be found.

nd_Immediate (commani data)

This instraction s2nds ‘command data' to the
currently addressed device as a coamand word.
Since the Interdata comazands ares bytes, only the
eight least significant bits of the argument are
interpreted as a commani. Thes r2st of the integer
is ignored. The status of the device 1is checked
here. If the davic2 1o0es not respoand (timeout
status), then execation in the IO_MACHINE is
terminated. 5

nd (address of command data)

This is similar to 'Command_Ilmmediate' above.

This instruction simply senses the status of the
presently address23 javice,

_External (address of status location)

The device status is read and stored into the
location provided by ths argument, The status word
in the io record is also updated.
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Conpare_Iniediate (mask)

The contents of the statas word in the io record is
logically AND'ed with ‘'mask'. If the result is
zeros, an internal flag is set to FALSE, otherwise
it is set to TRUE, This flag is used by the
conditional juamp and retarn instructionms.

Compare (address of mask)

Jump

Jump_

This is similar to 'Compire_Iammediate', of coarse.

(instruction index)

Set the instruction counter to the value of the
argument. This instruztion causes a Jjuoap to
continue execution at another part of the
instruction array.

Trues (instruoction index]‘

If th2 ra2s1lt of the last comparison instraction
was TRUE, then s2t th2 instruction index t> the
acrgument value, Othervise, execution continues
with the following instruactioa.

Jump_False (instruction index)

If th2 resalt of the last comparison was FPALSE,
then Jjump to the instruction specified by the
argaament to continue execution. Otherwise,
execution continuss at tae following instruction.

~ Return

Execution of instructions in the IO_MACHINE is
terminated, and contcol of the program returns to
the calling procsss. Tiae instruction counter is
left positioned at th2 next instruction so that
anothar call to the ID_MACHINE with this io record
vould resume ex2cution of the io instructions
following the "Return'. :

Return_True

If the result of the last comparison was TROE, then
contro>l retarns to the calling process as in the
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SReturn® instraction. Otherwise, execution
coutinues with the following instruction.

Return_False

If the resalt of the last comparison was FALSE,
then the IO_MACHINE r2turns to th2 calling process.
Otherwise, execation continues with the following
insteuction.

Data_Immediate (n, byte 1, byte 2, ..., byte n)

Data

The purpose of this instruction is to establish a
data buffer for a subsequent transfer to the
aldressed device. In the case of the 'immediate!
version, the data buffer is actually ia the
instraction array following the ‘Data_Immediate!
instruction. The first argument givas the nuaber
of bytes to be transferred; the remaining argumants
are the data. The form of data transfer depends
upon the device - see the description of the
‘Start' instruction for anore details. Note that no
direct buffer linking is possible with the
IJ_BACEINE. This is 1 very insecure aethsd of
handling the devices and was avoided. If a *Data!’
instruction is exzcut2d for some device before the
previdus buffer wvas used, the description- of the
previous buffer will ba lost.

(n, address of buffer)

This is similar to ‘'Data_Immediate' above, but the
address of the data buffar is the second argument,

Wait_Interrcupt

On executing this instruction, the calling process
is suspanded from execution on an interrupt gueue
associated with th2 currently addrassed device.
When an interrupt from that device is Jetected,
execution of the praoc2ss resumes immediately inside
the IO_MACHINE. BRemembesr that the interrupts are

~always off while taz executing I0O_MACHINE

iastraoctions. The user must insure that only one
process is allowel to wait for am intarrupt for any
given device at a time. Clearly, this 1is an
opportunity for msssiny up the 1io, since a process
could wait for  an interrupt without having
previoasly caused th2 davice to generate one. It
could be a long wait|
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Start_Input (command)

Data is transferred from the currently addressed
device to the data buffer which was established
earlier with a '*Data’ or 'Data_TImaediate!
iastraction. When execution of 1io instructions
resumes, the 2ntire data buffer has been
transferred. The status word in the io record is
set to indicate the final status of the device,
The number of bytes actually transferred is
returned in the 1io r2cord, so im case of an
incomplete operation, the calling process can
determine the state of things.

The arqument (command) is an output command that is
sent immediately tc th2 device and is iamcluaded
mainly for disk operations.

In the IO_MACHINE, 1avices are configared ¢to
transfer data in one of four distinct ways. The
configuration of th2 current devices is givean in
the device table belos. For general referencs, the
four types of transfer are:

Diract IO0O: The first and slowest of these methods
uses direct io instructions to transfer data to or
from the device. This may be Py single byte or by
hzalfword, and may be done with or without
interrupts, If intarrupts are not used, then the
g@evice wmust send or accept data as fast as the
IJD_MACHINE can tramsfar it, If the device transfer
is t> use interrupts, then if more than one io
imstruction must be 2x2cuted, the IO_MACHINE waits
for an interrupt from the device and checks that

the status is Z2ro before proceeding. If
iaterrupts are ©being used, the user will probably
wvant to use an axplicit '*Wait_Interrapt?

instruction before stacting a read and after
finishing a write. '

Autochannel: = Interdata provides an ‘'automatic®
methol for sending on2 Dbyte per interrupt called
the Automatic I0 Channel. in this scheme, the
entire block is transifsrrad using intecrapts
wvithoot the wuser having to handle them explicitly
with IO_MACHINE instructions.

Selector Channel: This is essentially a single
channel DMA in s2riss with the device. The
Selector Channel hardwar2 handles the interrupts
and transfers the data t> memory without disturbing
the CPU.

Direct Memory Access: Ouar DHA will transfer data
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directly to or from th2 device and memory. There
are eight channels available.

Start_Output (coamand)

This is similar to ‘'Start_Input'. Por some
devic2s, the bandling of interrupts is different
for output than for japut so the user aust be
careful.

Preempt

Free

If the calling process wants to be sure that no
other device will interfere with its device
operation, it may 2xecate the '"Preempt!
instruction. This sats the state of the carrently
addressed device so that no other process may
address the devics with the *Channel' instractions
until the preempting process decides to release it.
If a process 1is alr2aly waiting for an interruapt,
it 1is retuarned to execntion with the stataus
indicating that it was pre=mpted. Not2 that the
preempting process cannot preenpt an already
preempted 3Jevice, b2cause the initial 'Channel®
instruction would have failed. "It is also
important for the us2r to be sure that preempting a
devic2 doesn't leave it in some sort of state where
errors could be produczei.

When a process which his preempted a device is
throuyh with it, this instraoction is executeld so
that other procassas aay have the use o9f the
devica. A preempted device stays preempted through
multiple calls to th2 IOJ_MACHINE - only execution
of the 'free' will release it.



10_MACHINE ERRORS

When the IO_MACHINE detects an error condition, it sets the
status word in the io recorld to indicate the problem. 1Ia
the In the Interdata, the status of a device is represented
by one byte. The IO_MACHINE returns device status in the
least significant byte, intecrnal status in the next byte.
Since any internal error caus2s the IO_MACHINE to terminate
execution 2>f the instraction, take care to leave the device
in a  proper state. In particular, an =2rror may cause a
process to be removed from thz IO_MACHINE before a preeampted
device can be freed. The vwvarious error states are mutually
exclusive and are represented by different integers. Tha
values of the IO_MACHINE =2rrors and their explanation
follow. S>me have been described earlier in the discussion
of the TO_MACHINE instructionms.

Number Description
1 Instruction Countar 2ange - The ianstraction coanter

has been incremented past the end of the
instruction array.

2 Device Index Ranj2 - Th2 device index as given by
the argoment to the '"channel' instruction is out of
range. :

3 Device Interrapt - An interrupt occurred <for this

device while therz wis no process waitiang t2 handle
it. This status =may be set upon execution of the
‘channel' instruction.

) Instruction Range - The integer indicated by the
instruction counter is not a valid IO_MACHINE
iastruction.

5 Command Timeout - Sending the command to the

addressed devic2 gaive a timeout statas. That
status will be in the lower byte of the io racord
status word.

6 Channel Timeout - Block transfer attempted on a
channel which gives 1 timeout status.

7 Antochannel Timeout - A device using the
autochannel ratura=2d a timeout status.

8 Sa2lch Trimeout - A selector channel returned a
timeout status.

9 DMA Timeout - A DMA channel returned a timeout
status.,

10 Preempted - The device referenced by a 'channel!
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1"

instrection is 1lr2ady preeapted, or else this

process was preempted from a device interrupt
queue,

Device Setup - The first instruction is not either
a 'channel®' or 'chananel imaediate' instruction.
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APPENDIX B

ACLDR Assembler Code

The following listing is the Assembler version code for the ACLDR
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APPENDIX C

ACLDR Concurrent PASCAL Code

The following listing is the Concurrent PASCAL version for the ACLDR
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Abstract

This report .contains a description of the design and
implementation of an asynchronous control line driver in the
MIMICS network. The drivecr handles the functions necessary
for transaitting and receiving of control information
between computers within 21 cluster of the naetwork. 1In the
feport we jive a brief description of the MIMICS network and
how the driver is used in that network. We then describe
the use of asynchronous lin2s for communication, why they
vere chasen for this particialar projact, and how they'are
programmaed on the 1Interdata 35 and the Interdata 7/16. It
also tells how the computers were wired together to insure
that the interface boaris could dstect abnoraal conditions
of the 1line. The implementation of the driver on the
Interdata zachines using aséambler language and PASCAL is
then presented, follow21 by a3 summary of the work completed

and some extensions to conclude the report,



