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1. INTRODUCTION

There are many applications _n which it is
necessary to control different processas
operating concurrently and accessing the
same resources,

The shared-variable concept offers the
means by which processes can communicate
with each other and thereby can be made to
cooperate,

In some APL systems, processes {(auxiliary
processors) are independent tasks whuse
asynchronous execution is scheuuled by the
host system. Under VM/370, the host system
schedules independent virtual machines. Fach
virtual machine may contain a copy of VS APL
which schedules th- execution of its
processor. in a sequential way.

The VMCF Processor, APLIUG, is an
auxiliary .rocessor for - VS APL under _MS
which provides the user with Lhe potential
to apply new and differont techniques to
current upplications by introducing the
concept of variables shared between v.rtual
machines,

APL1.. :rovides APL virtual macun.nes with
tue capability of send data to and .eceive
data from any other APL virtual machine
through direct storage-to-storage
communication, It utilizes the services
offered by the VMCF component of CP.

2. USE OF AP_1uv

From the wuser point of view, the use of
APL10e0 is quite oJim.lar te that of the
auxiliary processor APui1 s for V8 APL under
CMS .

Communicatiun between the VS APL useyr and
APL1uv6 is made through a shared wvariable
called the 'control' wvariable. If data is to
be transferreéd in a VMCF . pera.ion, a second
shared variable called the ‘'data' wvariable
is also required,

aAn offer to share a variable with APL106




is made as follows:

106 Usv¥0 ‘'wvars'®

where: .
106 is the processoyr identification
number,

and

'vars' is the surrogate name in quotes
of the variable(s) to be shared.

The control wvariable surrogate name must
begin with the letters CTL; its total length
is limited to eleven characters., The
surrogate name of the data variable must
begin with the letters DAT; it too is
limited to eleven characters, Ignoring
their first three characters, the surrogate
names of the control and data variable pair
must be identical; they uniquely identify a
communication link.

The control variable should be offered for
sharing to APL106 before the paired data
variable. Offer of the data variable will be
accepted by APL106, but any reference or
specification of that variable will be
ignored by the auxiliary processor until a
control variable with the same suffix is
successfully shared,

Both control and data variable can be
offered together to the auxiliary processor
by specifying each name as a ryow in ‘a
character matrix. Up to ten pairs of
variables can be shared at the same time
allowing communication over ten different
links.

The response to a shared-variable offer is
a degree of coupling indicated by an integer
in the case of a single offer or by an
integer vector with one element for each
variable in the case of multiple offer; a
response of 2 means thal APL106 has matched
the offer and the sharing is complete.

In order to establish a communication link
with another wvirtual machine the control
variable must be initialized, before or
after the offer, with a character vector in
the following.way:




ctlname+'vmname protocol!

whore: .

'ctlname' is the surrogate name of the
control variable,

'vmnamé' .s the nane of the partner
virtual machine,

‘protocel' is the communication protocol
to be wuscd between the two virtual
machines,

The link 1s completed . henever the partner
virtual machine offers a control variable
indicating the now-offering wvirtual machiie
as par.ner. This .nformation is maae
available to the .S AP_. user at +the first
reference of the control variaole.

The data variable doss not need to be
initialized; any time it is specified, its
contunt is transferred ‘o the partner
virtual machine if ~he communication link is
active, or s simply ignored by APL106 if
the communication link is not active.

A communication link is disconnectea by
retracting the shared variables related to
this connection in the standard way:

O0sVR'vars’
For the partner virtual machine the link
now becomes inactive and is ~eft
outstanaing. -

2.1 Communication Protocols

Two commuhication protocols are available:
SEND for asynchronous communication aund
SENDREC for synchronous communication.

The SEND protocol allows asynchronous
communicat.ion between twe virtual machines.
When a communication link idg established
with this protocol, a specification of the
data variable transfers the value of that
variable from the VS APL user to the APL106
from where it wiil we transferred to the
partner virtual machine. Once the data has
ben transferred to the APL106, control is
returned to the user but no succeding




specifications of the data wvariable are
accepted until the partner has read the sent
data.

The status of the transmission is
indicated “in the control variable: in
particular, the user will be allowed to sond
new data (specify the data variable) when a
reference of the control variable indicaces
a successful completion of the transmissicn,

A reference to the data variable makes
available to the VS APL user the dats sent
by the partner. A new value of the data
variable is obtained when a reference to the
control wvariable indicates that new data
have been successfully sent.

Sequences of references and specifications
of the data variable are free from any
constraint and can be done in any order by
each other partner.

The SENDREC protocol allows synchronocus
communication between two users., The
protocol is the same as for SEND except that
in this case a specification of the data
variable must be followed by a reference or
vice versa. This means that the first user
who specifies the data variable forces the
partner to start with a reference.

When two users in communication specify
different protocols the SENDREC option is
forced.

2.2 General service regquests

The status of the communication 1link and
of the transmission can be controlled by
specifyving the contrel variable with one of
the following keywords:

'"CANCEL' cancels a message or a data
transfer directed to the partner but
not vet accepted,

'"REJECT' cancels an incoming message or
data transfer still pending.

'"QUIESCE' temporarily sets the link as seen




by the partner to inactive status,

-

'‘RESUME' resets the status set by TQUIESCLY.

A reference of the control variavle afczr
its specificacion will contain the retvrn
code for the requested service.

3, DESCRIPTION OF APLIO06

The transmission mechanism of APLICC
involves the foirlowing three steps:

1- data are sent from the user program in
the source virtual machine to its
auxiliary processor,

2- data are transferred from the source to
t..e sink virtual machine,

3- data are retrieved by the user program in
the sink wvirtual wmacuine through its
auxiliary processor.

because the communication is between twu
APL machines, no conversion is reguired and
the daca is transmitted in internal APL
notation.

Steps 1 and 3 are executed by the VS APy
user respectively specifying and referencing
the data variable; step 2 is executed by the
auxiliary prouessor by means of VMCF service
requests to CP.

Fo.lowing - such an operating pnilosophy,
APL106 <can be described in two sections:
the one which interfaces with V5 APL through
the snared-variable mechanism is called the
VS Arl. Interface, the o..e which initerfaces
wi.h CP though the viriual machine
communication fac.lity is called the VMCF
Interface.,

Both sections share common sSi.0rage areas
devoted to a cou..trol b.ock for VMCF
(VMCPARM) , a Communication Table containing
information about the existing liuks and the
data being sent or received. Space for the
VMCPARM and for the Communication Tawule is
allocated in the processor -ork area during
the sign-ou procedure whereas the buff.r
space needed for the data transfer 1is




obtained dyiamically during execution from
CHMS free storage.

3.1 VS8 APL Interface

The V5 »PL Inverface is designed so that
the processor is responsive  to  demands
regardless of the status of the VMCP
In erface. .his avoids possible -deadlocks
but makes wucseless the Letting of an access
control vector (which will be ignored).

The main function performed by the VS APL
Interface is to pass to the VMCF Interface,
w..n it is aciive, the scrvice requests made
to APL1U6 by the user and to notify the user
of the results of the requested services.

The initial value of the contrel variable
is used by the Vs APL interface +to ask the
VMCF Interface to activate a communication
link with the sink vi.tual machine. The
communication link is completely established
and active Aif the sink virtual machine has
already vxtended a matching offer. In all
other cases {(i.e. sink not in CP directory,
sink not VMCF-authorized, ete.) the link is
not active and the offer is left
outstanding.,

Because of the design of the VS APL
Interface, user requests are always accepted
but performance of the requested services
depends on the status of the communication
link,

the vs APL, Interface accesses the
Communication Table +to build the VMCPARM
required by VMCF and specifies, at each user
reference of the control variable, a five
inteyer vector indicating:

1= the type of error encountered or
successful acceptance of the reqguest,

4- the reason for the error (if any) for the
current opération,

s= the status of the communication 1link
related to this control variable,

b~ the status of the data to be sent,

5- the status of the data to be received,




3.2 VMCF Interface

The main function performed by the VMCF
Interface is Lo exacute the VMR
subfunctions as specified in the VMCPARM
built by the VS APL Interface.

The VMCF Interface operates asynchronously
with respect to the VS APL user; it depends
on the external interrupt signals generated
by CP according to  VMCF transnission
protocols.

The interface 1is activated for the first
time when the VS APL user offers a control
variable with an acceptable initial value.
On activation, the AUTHORIZE subfunction is
immediately executed in order to enable VMCF
for the virtual machine.

In order to activate a communication link,
the VMCF Interface executes the IDENTIFY
subfunction to notify the sink virtual
machine that the source is available for
VMCF communication. The link will remain
pending and no further requests made by the
VS APL user will be executed until the sink
virtual machine  replies with the sane
identification message; at that time the
link will be completed.

The VMCP Interface accesses the
Communication Table to notify the VS APL
Interface of the status of the communication
link, the status of the data transfer and
the return codes from VMCE, The
Communication Table ieg used also to recoxrd
the transmission protocol for a specific
link and .the address of the VMCPARM to be
used during the current operation,

The deactivation of the VMCF Interface is
made = automatically by means of the
UNAUTHORIZE subfunction when all 1links are
disconnected by the VS APL user and he.ce
all the entries of the Communication Table
are cleared.

3.3 Communication Table

The Communication Table is used by the VS




APL and the VMCF Interfaces in order 1{o
transmit to each other the information
necessary to control a communication link
between two virtual machines and the relat:d
data transfers,

«

5

The Communication Table is allocated in
the processor work area during the sign-on
procedure of APL106 and consists of ren
entries allowing a YS APy user to establish
communication over ten dif.erent .inks,
Each entry is dinitialized by the =S APL
Interface when the VS APL user provides a
valid initialization wvalue tor a control
variable,

The information contained in one entry is
as follows:

1= identification of +the link by means of
the name of the sink virtwal machine,

2= identificat.on of the pairs of variables
associated with the link,

3- degree of coupling for the link,

b type of transmission protocol,

5- address of the VMUPARM related to this
link,

6- status of the data to be sent,

7- status of the data to bpe received,

8- return code for the current operation.

A request of se.vice to ViCF is made by
passing it a control Dblock (VMCPARM)
specifyving the VMCF subfunction to be
executed along with other information
required by VMUF tou execute that function.
The VMUPARM is built by the VS APIL interface
utilizing the intormation contained 1in the
Communication Table.

4. COnCLUSIONS

APL106 can be used to multitask wvirtual
machines in the sense that eacn virtual
machine becomes a parallel subtask of
another virtual machine, Th.e VMCF functions
provide the serialization and cummunication
facilities to control such an environment
and the VM/37u functions provide efficient
scheduling, dispatching and basic resource
controls,




Because resource sharing ca.. rance
anywhzre from a single device to entire
processes, the capabilities offcred Ly
APL106 cover a wide range of applications.
In particular, . PL106 is planned to be usead
in a multi-~user data base management system
where several user virtual machines
communicate with a master controller in
wiech the data base itself resides.

Ma..y enhancements are possiuvle for APLIINE
to improve it. usability. In particular,
tnree major extensions are currently beiiy
investigated or under development.

The [irst exteunsion will integrate APL1006
with . etwork-contrel software implemented at
CNUCE (RPCiET) so :that the "wo partners of
the comm.nication can resid. .n different
nodes of a communication newwork,

The second extension will allow a

communication link to be established betw._en
processes instead of users, so that APLI106
can be run concurrently with other auxiliary
processors which also aake use of the VMCF
services on the same virtual machine.
All the r-juests for VMCF services will be
made Ly the processors to a routine added wo
CMS nucleus which will act as a common
interface toward VMCF.

The third extension will allow
storage-io-storage communication between APL
and FORTRAN and/or Assembler virtual
machines, For this purpose a iwodified
version of APL106 will be a stand-alone
routine callable from those languages. It
will provide the means of communicating
between each other following one of the
protocols as defined in paragraph 2.1 and
the conversion routines for the translation
of the data from its internal APL notation
and the standard EBCDIC code,

&
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