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PREFACE

Transaction processing in the "Multics system is oerfcrmed by
the subsystem described in this manual. By emoloying the
transaction processing (TP) subsystem, the individual user can
process transactions against a data base of any size by invoking
a s2t of readily understood and =asily apnolied commands defined
by tha site, This manual describes the Myltics TP subDsystems
describes the administrative commands and their us3ge., and
furnishes the practical details of subsystem gperation.

Althouah many TP users will not need to avail themselves of
the full power of the Multics system., additional information
regarding Multics software concepts and crjanization as well as
soecific wusage of ™Multics commands and subroutines c¢an Dbe
obtained from the wvolumes of the Mylrics  Proaramazecs! Janual
(P, These volumes are:

421 Refarenge Suidass O2rder No, AG?P1

<

¥Yey Lommands 31nd Active Eunctians, Order No. AG92

“PM Subrautiness, Order No. AG9I3

" E b

kn

ul

w

ysten yriters! Guide, Order No. AK92

1BE Perigharal Inpgut/lutouts, Order No. AX49

¢ 1379, Honeywell Information Systems Inc. File No.: 1TL13
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SECTION 1

INTRODUCTION

JYLTICS TRAUSALCTION _BROCESSLNG

The “ultics transaction processing (TP) subsystem provides
an environment for users who want to onerform a well-defined set
of data base related operations without taking advantage of the
full ranjze of Multics' - time-=sharing capabilities. In this
mianuals, 3 user is definad to be 3 person who enters transactions.
Thus an apolication oragrammer (TPR writer), while a ™uyltics

users, is not a TP user. Yany aspects of the subsystem are
table=-driven, and modules can be modified, so that features can
easily be added., changed or deleted, Several independent TP

subsystems may run concurrently on a3 fMultics system.

This manual describes how the “ultics TP subsystem 1is
organized, how to run it, how to meter it, and how to write

3onlication oporograms for it, However, poth administritors and
aoplication programmers still need to consult the “PM, 35 well as
Jther appropriate manuials. Soecific TP user rsquests are

site=dependent and so are not included.

WISI_QE_ESAIURES
Features available in the system include the following:

a locking of individual data bhase records to allow
concurrent data base access

9 checkpoint and rollback facilities which allow handling
of both concurreancy control and restoration after an

error or other interruption

2 availability of most Multics languages for application
projrams
2 modutar construction to facilitate tailoring of the
system
2 separation of tefminal and data processing to allow
DRAFT: MAY 3E CHANGED 1-=1 12723173 CC?6
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better tuning
3 3 oriority mechanism for commandis

b easily established parallel environments for testing
application orograms

ODVERVIEW 0OF _STRUCTURE
For the puroose of 4iscussion within this manual., a

transaction is defined as the nrocessing of a single user
command, from receipt o2f the input message by the TP subsystem ta
the completion of execution. A trans3iction processing routine
(TPR) is 3an aoplication program, usually one that references a
large data Hase.

DRAFT: MAY BE CHANGED 1=2 12/122/73 CCI6
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Each I/0 and worker norocess may have 1ts own proecess grouo
ID, so that Multics access coantral may be used to restrict access
te ca2rtain  data cises to specific wOrkars. Individual users,
however, ‘0 not have a Multics process grous ID while using the
TP system; in fact, they need not e registered Multics users at
all, They only need to be registerad as TP users. Jecause the
sat of commands they can invoke2 1S SO restricted, i.e.r, Jeneratly
not incluling editors or compilerss, etc.r, tha individuial TP users
should not be able to perform malicious acts such as destroying
subsystem d3ata bases.

Tarnmizal_lL2_z_Userls_ Yiay

A user may wait for the comolete outaut corresoonding to a
transaction before tyzsing the next transaction, However, the TP
subsystem does not enforce serial execution, [f the user enters
requests without waiting for oprevious onanes to complete, the
followiny types of sahavior may occur. The outnut from an
immediate command usually appears before output from any other
oaniting transaction., This is because immediate commands are
axeacutad 3s soon as they are read rather than queued for a worker

oreocess. (See the jescriotion of the command table source
Lanjuage - in 3Section 4 far more information absosut immediate
¢commands,) The output from a regular transaction might not De

contigquous and might appear before the ogutput from an earlier
transaction. Aside from the fact that some commands may have
higher oriority than athers, this affect can occur pbecause the TP
sudsystem is capable of exacuting more than one transaction from
3 single user simultaneausly. Although execution of transactions
is nejun in orager first of priority and then of the time entered,
a Later transaction may finish before an earlier transaction, In
aiditions, the output messages are gueued for processing as soon
as tha2y are jenerated, An output maessage is defined 3s the
rasult of a single output statement,

Since . output messages from one transaction may be
jnterspersed with output messages from other transactions, 2ach
output message is labelled with the transaction I[D. The ID is
first printed when a transaction is queued.

DRAFT: ™MAY BE CHANGED 1-4 1272%/73 CC96



SECTION 2

RUNNING AND OPERATION

3ACKGQRQUND _INFQRMATIQN

4 TP subsystem 1is defined by a directory and the control
seqgmnents contained in  it, This section oriefly lists and
describes the control segments.

The TP master table, to_master_table_, contains most of the
dynamic runtime information used hy the TP nrocessas including
JUtaout queue controls, information about each terminal., and an

entry for each process containing interprocess communication
infarmation, etc.

The command tables, tp_command_table_», is a list of the valid
command names for the TP subsystem and their associated
attributes. This is described in detail in Section 4, "Tables".

The database definition exec_coms to_init_data_base.ecs,
contains commands to open data bases. There is 3 definition for
each way each data base might be opened,

The operator table, to_operator_table_, is a Llist of names
cf valid terminal users and their enciphered passwords.

The start_tp exec_com initializes a TP session and starts uo

the I1/0 and worker processes via Multics enter_3bs_request
commands.,

A worker process startup exec_canm invokes the data base
definition exec_com for each data hase to be used by the worker
and then turns the process into a worker,

An jo process startup exec_com turns the process into an I1/0
processs, passing it the tty channel names,

DRAFT: MAY BE CHAMNGED 2-1 12723778 CC94



The T2 control file, to,tcf, cont3iins information indicating
shethar datis Dase 22erations have heen checkpointea.

The TP input AJueues, tpin_, contains, for each nonimmnediate

transaction, 1ts inout commanad Line, matarse, a3ni information
about i1ts outout destination and current state.

The TP output gqueue, toout_, contains the transaction output
massajes to be displayed on tne terminals.,

- - -

The naster, I/0 and worker processes must be rajistered b5y
the porcoject aaninistrator, I1f 3 orocess 3roupn ID is given the
multip attributer, many oprocesses with that ID may be Loaged in
coancurrentliy. However, a wWworker orocess should not have the same
I> 3s an 1/0 processs, and worker processes with d4ifferent absin
fil2s, 1.2., that yuse different data bases, must have different
I0s. Each 1/0 and worker process is given a name to identify it
within TP that is independent of the process group ID. The
master Drocess may not have the same [D as either an [/0 or
Wworker grocesss, Dut it may be the TP administrator's personal
2racess. :

Setting up a TP system primarily involves creating a special
directory with thea aopropriate control segments, The control
seyments need not 92 created in any special order,

The command table must be produced and installed. AlL the
TOR's and 1immediate commands listed must exist and the worker
porocesses must have re access to thems, although they neac not
reaside in the TP directory. ALl user documentatian 3sbout the
available commands must be orepared at the sita, since it 3pplies
only to a specific TP subsystem.

The operator table must bhe oproduced wusing the program
to_userSadd and the /0 processes given r access to it.

The start_tp exec_com andi the data bise definition exec_com
myust be produced, see below for details.

Absin files must be created for each worker. and [/0 procgss.
An absin file can be used by more fhan one oro¢ess, bSut there
muyst at least be 3 separate name for e23ach process to avoid
interference among the absout files, These are discussed in more

DRAFT: MAY SE CHANGED 2=2 12728778 €Co96



det3il below. ALl databases that are to be keyed sequential
files attached through vfile_ must exist as multi-segment files
before being wused under TP, If 3 non-=iDB™ database 15 not
3lready initialized, the TP aiministrator can create it with the
follewing command line:

ec tp_ore_create file_name

A file must be accessible to each wWworker process that will
raference it. In the ralease described by this manual, all
worker absin files must be the same, Since any transaction can be
executed by any worker.

The master table and TP control fité are created by the TP
system,

The input and output queues nust be created by the TP
administrator before the TP systam is brought up for the first
tinme 5y using tp_pre_create.ec.

Initializiog_the_T2_Se2ssign

Jhen the TP directory and necessary filas axists, and when
the processes have been registered, the TP system may be

initialized. This is done throunh the m3ster process., which
controls the sessiaon. To begin with, the master process is just

an ordinary Yultics process (or daemon) with the master process

groua ID. Executing the start_tp command causes it tn become 2
T2 master oprocess and initializes some system Jata hases. The

1/70 and worker processes ¢an be logged 1in either by
anter_abs_reguest commands from the master nrocess or as daemons

from the Multics initializer, In either case, the ear or daemaon
Lto3in commands are normally in an exec_coms, since the number at
startup time is wusually constant and there are several of them,

The processes may be brought up in any order.

If absentee 1is used, thes master process must have e access
on the proxy ACS. The ear commands have the following calling
seguence: — '

N

2ar absin_name =-foreground =-proxy Person_id.Project_id =-ag
a2roc_name

to_dirnane

where:

proc_name
is the symbolic name of the I1/0 or worker orocess

NRAFT: MAY 3E CHAMNGED 2=
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ta_dirname
is the pathname of the TP directory

Inigializing_a ¥arkec_2rag2ess

A worker pnprocess is initialized oy 1ts absin file if it is
aosanta2e 9r By an  exec_com if it is a daemon, This absin
fila/exec_com attaches tha transaction control file, opens and
readies all the data bases the worker will use so that TPR's do
not have the overhead of opening and closing files, and invokes
to_run_worker, which actually turns the Dprocess into 3 worker,
Arguments to the exec_com are: a name to identify the worker
oracess and the opathname of the TP directory. The format 1is
3iven belowe. :

change_wdir §2
to_init_tcf 22 )
ec tp_init_data_base file_idl submodel _nathl
/* open MRDS data bdases =/

ec tp_init_data_base file_idn submodel_pathn

ec tp_init_data_base file_idi file_pathnamei switch_namei

/7* vfile_ data bases =~/

tp_run_worker &1 %2

See the discussion in Section 3 on data base definition for a
description of to_init_data_base.ec. See the command
dascriptions in Section 3 of this manual.,

Inigializing_an_lQ_Rrocess

A process becomes an IJ orocess by executing a to_start_io
command, specifying the devices to be managed by the process.
This command is in the absin file if.the process is absentee andg
in an exac_com if the process is a daemon, In either casa, the
formnat of the file is the same. Arguments to the file are: a
name to identify the 1/0 oprocess and the pathname of the TP
directory. Ths format is 3iven below:

change_wdir

g2
to_start_io 31

22 channel_namel ...

See the command description for to_start_io.

DRAFT: MAY 3 CHANGED - 2=4 12/28/73 CC3s



Shuttlng_Doyn

A normal shutiown is performed by issuing the command
stoo_to in the master proca2ss;, the rest 1s done automatically in
two stages. In the first stage, the /0 orocesses stop 3ccepting
inout and the worker prncessas either finish the current
transaction and loa out (if =-immediate was specified) or finish
all nending transactions Dbafor2 logging out (default). In the
second stage, the 1/0 processes finish processing all accumulated
sutout and log out. Thus after a normal shutdown, all the ocutout
for completed transactions has heen processed,. I[f =immediate was
specified, there will probably be some transactions l2ft in the
gqueue to bhe processed during the next session,

DIAL_AUD_TERYINAL_USAGE

B e b R % VAR LI M T = | - il - -

In #ultics TP, each [/0 Drocess manages a group of
terminals, It is not possible for a3 particular terminal to te
used by more than one process at a time. An I/0 process handles
all the input and output for dts terminals, including operator
sign-ons, Terminals are connected to an I/0 orocess either
through the dial facility or through specified slave channels.
Since the I/0 process controls the terminals, it also controls
the users' access to the TP system, 3 TP user need not be a
registered Multics user.

The Muyltics dial facility allows ssveral terminals to bpe
attached to the same nDrocess. The process first arranges with
the answering service {(which usually handles dialups) to accept
dialups when a particular dial ID is specified. Then, instead of
using the login command, which results in a separate process., but
only for a registered user, 3 person types dial and then the dial
In. In addition, if the dial ID is not registered, the person
must type the Person_id.Project_id of the <corresoonding 1I1/0
Drocess. See the MAM, Communications for instructions on
registering dial IDs. In order for an I/0 process to accept
dialss, the tpo_start_io command must be given the control argument
-4ial dial_id or =reqgistered_dial dial_id,. See the dascription
for to_start_i0 in this manual.

The dial facility should be e2nabled when there are nonslave
channels that are to use the T2 system, i.,e. when some. lines need
to e able to access both the TP system and the regular Multics
system,.

DRAFT: MAY B8E CHANGED 2=5 12728773 £C96
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An I/Q process may manaie channels that are specified wnan
tha command tp_start_io is invoxked, Tha2se channels must be slave
channels, i.e., they must be used by some nrocess ather than the
answering service and c3annot be used to login to Multics. S=ze
the ™A%, C(Communications for a descripotion of the channel table,
~N1¢h describes each channel, and for instructicons on turning
channe{s into slaves.

RUULING TR LM _TEST_ENVIRQUMENIS

2rriga.Up_A_Pacallel Tast_Snouicapoment

Parallel TP systems can be established for testing. Satting
9ne ud reqjuires cre3ting a directory 3and the necessary TP control
secments, just as for 3 real T2 system, This includes using
pre_creata,ec for the input and output queues, If data Cases are
J4sed in  common with 3 TP system, the TP system's transactiaon
control file must also be used, via a Llink in the test directory.

Test_.Xdade

A user may use the TP system in test mode, which will
oracess transactions and poroduce output, nut will not actually
change any data Hases. Ta enter this modes, type the command
"anter_test_mode", To return to normal TP oprocessing, type
"exit_test_mode",

Establishing_Test_Progessas

Once 3 test TP environment has been set ups, it is necessary
to create test TP processes. One way to do this is to establishe.
within a orojects spacial person IDs to bhe used 1in the test
enyironment, These can be logged in as forejraund absentee jobs,
daemons or interactively. Actuallys, any processes with access to
the test directory can be used; a process Dbecomes a T? praocess by
executing one of the commands to_start_io or tp_run_worker, The
important point is that start_tp must be ex2cuted first, and that
the names given to the worker processes correspond to entries in
the worker table, Any worker process that is originally an
interactive orocess, rather than absentee or a daemon, will tie
us 3 terminal that it won't use. If an 1/0 arocess uses the

dial facility, its person.oroject ID as well as its dial ID must
be known to all potential users,

If the queues are to be cleared before testing bhegins, the
existing ones must be deleted and new ones created using
pre_create,ec before typing start_tp.

DRAFT: ™AY 3E CHAMNGED 2=6 12728/77% CC9%
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It 1s posstithlie for one process
functionss, but then there are restrictions.
is used for both master and I1/0 functions,

contain any desired master commands as

commands., since master process outnut
worker process Tgnores terminal inaut.

a process, the TP commands must be in an
must be executed before tp_run_worker on

NRAFT: MAY BE CHANGED 2-7
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the command table must

immediate commands. The
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may be used toyether if gne is willing to forego using any master

would not work and the
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SECTION 3

TP COMMANDS, SU3ROUTINES, AND ACTIVE FUNCIONS

The commands, subroutines, and 3c¢tive functions available to
thea uyser for transsaction orocessing are described in this

section. They are Llisted in alphabetical order within this
s2actioan, and are oaresented in format consistent with that
]

3
described in the Myltigs Pragrammaecs! Manyual (MPYM) .,

DRAFT: MAY SE CHANGED 3=1 12/28/73 €C96



start_tp start_tp

- -

Nane: start_to

The start_tp command starts a TP session by initializing the
T® master table, It nust be dinvokad in the process that is to
becnme the master process.

[
w
[
[Te}
L]

start_tp top_dir_name

where tp_dir_name is an argument that is required and is the name
of the directory that contains the control segments for the TP
suhsystem to be initialized.

The subsystemn data bas=s, transaction control file and input
queude must all be consistent, both internally and with respect to
each other, before this cammand is invoked.

This command Joes not start up other TP processes.,

DIAFT: WAY 3E CHANGED 3-
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The stop_to-master process
The sequence of

stap_to

stoo accenting input.,

out eit

her when they have
when they run out.of work, an4d

ogperation

comman-
is to first

te

then to tell the

log out after all output has been printed,

s a3e

stoo_tp {-control_arg?

whare

control_arg is

orocesses should log

current
log out

DRAFT:
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The default

-

stoo_tp

- - - - -

shuts down a TP sessione.

L the I1/0 processes to
Wworker orocesses to Log

-im to "specify the
out immadiately

is

for

after finishing
the waorker pro

when there are no more transactions to execute,
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- - - - ——

to_cancel

- - —— -

»

Hape:

to_cancel
The tp_cancel
TP input queue to
usad either in the
usad in thes latter,
the user can cancel

Jsage

to_cancel

where

transaction_numl ...

transaction_

- ——— ——

to_cancel

- ————— -

command removes a transaction request from tne

prevent it from being
master process or in an I1/0 process., but if
it must be included in the command table and
only those requests that he/she entered.

processed. It can be

transaction_numn

numi is the identifying numper of the

transaction to be cancelled,

DIAFT:
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to_chanae_priority to_cnange_griority

. T - . - e wm e - - - — . -

LY
1

l3na: to_change_priority

The tp_change_priority command <changes the priority of the
soecified transaction. It may be usa2d only in the master
process.

| &
Wi
fw
(o]
Kb

tp_change_prinrity transaction_num new_priority

Jhere:

1. transaction _num
is the identifying number of the transaction whose
priority is to be changed,.

2. new_priority

is the new priority of the transaction,

DRAFT: MAY BE CHAMGED ' 3-S5 - 12/723%/783 €Cr6’
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Nage: tp_cvsct

The tp_cvcst command is- the TP
converting a command table in source
usahle by the TP subsystem,
Usage

tp_cvsct source_name
where source_name is the pathname of

segnent. No suffix i1s assumed,

d2Lzs

The binary command table is created

entryname 1is the same as that of
addition of the suffix .tobct.

DRAFT: MAY 3E CHANGED

in the working directory?
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to_cvsct

table comopiler,
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command
Language

the command table source

its

source segment with the
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to_1isplay_curr2nt_xcns tao_display_current_xcns
Mane: to_1isplay_currant_xcnss, tp_dcCx

The tp_display_current_xcns command displays information
aseut the transactions currently hein3 executed, viz.s, workar
2rocess names transaction number, TPR name and user name, This
command may only be used in the master pDrocess.
J4sage

tp_Jdisolay_current_xcns

3-7 © 12728773 CC e
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to_jJjet_xcn_status to_get_xcn_status

MName: tp_jet_xcn_status

The to_g=2t_xcn_status command r=turns information about a
specified transaction, If the transaction has not yet bheen
crocessed, its oosition in the queue and the time it was
submitted will be displayed. If it is currently being processed.,
the time 1t was subdbmittad, the time it was started and the
command name are displaved. If it has finished, exceot ncssibly
for output, the information orinted includes the time it was
finished, whether there were any errors, the command name, the
time submitted, real and cou time wused, page faults, and total
real time (not including output processing)d.

[ -
[
(%)
Li
]

to_get_xcn_status numl {(num2 ...} {=brief)

where:

1. numi
is the number of the desired transaction.

2. -brief, =-bf
causes only the state of the transaction to be
printed,
dgtes
Jhen this command is wused in the master 'orocess, any

transaction may be specified. When used in an 1/0 processs
information is returned only about a user's own transactions.

NRAFT: MAY BE CHANGED 3=
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to_init_<tcf to_init_tecf

————— - ——— ———

Jame: tp_init_tcf

The to_init_tcf command attaches and ooens the TR
sybsystem's transaction contral fila (TCF). It must bhe called in
3 workar nrocess bafore any databases are opened, because the TCF
sWwitch must be specified at attach time for any fil2 that is to
e used in transaction mode (i.2. <covered by the checkpoint
nachanism). The TCF's name must be tp.tcf and the I/0 switch
usedi is tp.tcf_.

48338

tp_init_tcf

DRAFT: MAY BE CHANGED 39 12723778 cC 94
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to_list_pending_requests to_list_pending_regquests
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Names tp_list_pendinay_requests, top_Llpr

The tp_Llist_pending_rejquasts command Llists the transactions
that have not yet bean executed, It can be invoked either 1n the
master processs, where it 4ill Llist all requests, or in an 1/9
processs, where it will {ist only the user's own regquests.

Usaie

to_Llist_pending_requests {-control_args?

whare control_args may be chosen from the following list:

-totals, —~tt
prints only the number of transactions at each
priority.

-long, =lg
prints the time submitted, the wuser name and the
user's channel I in addition to the transaction
numbher,

-priority n

prints information only about transactions at the
specified priority.

DRAFT: MAY BF CHANGED 3-10 12728778 CC96
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to_metars tp_meters
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Name: to_meters
The to_meters command disolays 1in the master process
metearing information derived from a TP dinput gqueue, -This

includes:

Jsaae

3 the total cou time and pajge faults for TPR execution

1 the nmumber of successful comoletions

2 the number of errors

3 the number of checkooint failures

? the largest, smallest and averagses number of sucmissions

per hour both total and per [/0 process

3 the largest., smallest and average time between
submission and processing

3 the Llarjest., smallest and average time spent in
execution, both total and per worker

The last category includes all transactions for which

any execution took olace during the soecified time
period.

tp_meters =-from timel -to timel2 {(g_namel

“here:

DRAFT: MAY 3F CHANGED

-from timel
specifies the beginning of the time period; timel is
a string that is passed to convert_date_to_binary_.

-to time?
spacifies the end of the time period, timel is also
passed to canvert_date_to_binary_.

J_name
is the name of the TP inout gqueue to be metered, If
omitted, the current nueue is used,

-11 ) 12/728/7¢8 CCo9s

AN

s



- - - - - = -

to_pre_create,e
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N3g2: tp_pre_create.ec
The to_pre_create exec_com creates an empty indexed file as
nultisegment file. It should be used before the first

3
reference to an indexed file if the file
e

n truncated. In

ae sarticular.,
input gueue,

ec tp_pre_cr23ite file_name

where file name is the name of the file to e

MAY BE CHANGED

does not
this should be

exist or has
used on the TP

initialized.
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to_resat_xcn_nun : to_reset_xcn_num
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a2 to_resat_xcn_nunm

The to_raset_xcn_num commani changes the current transaction
numbdar (one Lless than the number ta be assigned to the naxt
transaction request) to 3 specified value, If the vatue is to be

decreased, the inout Jueue must be empty (see the descriptions of
the stop_tp and tp_shrink_q commands).

Usaze

to_reset_xcn_num {valuel}

where value is the new current transaction number. The default
1S Zero.

DRAFT: MAY 3E CHANGED 3-13 12723778 €C3%
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Mgme: to_run_worker

The tp_run_worker command turns 3 process into a TP worker
orocess 3andg then stays around as thes worker executive, ornocessing
transactions.

Usage

to_run_worker worker_name tp_dir_name

where:

1. worker_name
is the name of the worker oprocess as used within the
TP subsystem.

2e to_dir_name

1s the name of the directory containing the control
segments for the TP subsystem.

DRAFT : MAY BE CHANGED 3-14 12/72%8/78 CC96
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d3oe: to_shrink_qg -

The to_shrink_q <command remgves from the TP input gueue
recoris concerning transactions that sere progcessed before a
soecified time. The records may be either deleted or copied onto

t3oes or into a seqguential file, The command should be us=2ad
d4tside a TP subsystenm.

Usags

to_shrink_g gq_name {-control_3args?}

whers:

1. q_name
is the pathname of the TP inout gqueue from which
recoris are to he removed.

2. control _args

may be chosen from the following Llist:

-time t, =-tm ¢t

removes records of only those transactions that
completed before time t. The default 1is the current
time,

-delete, =4l
deletes records without copying them.

-tape
copies the records onto tape: the wuser of the
command is asked for the tape numbers, This is the
default.

-file filename
topies the records into the spnecified sequential

file,

-all, =2
removes all eligible records. This is the default,

-successful
removes only the records concerning transactions that
completed suc;essfutly.

o>

1]

-arror
removes only the records concerning transactions that
aborted because of an error,

DRAFT: MAY BE CHAMGED 3-15 12728778 €Cco9%
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-checkpoint_failure

removes only the records concerning transactions ‘that
could not be checkpointed,

Lz
10
It
(1]
in

The control arguments =delete, ~tape and =-file are mutually
exclusive.

This command can hbe executed wuhile the TP subsystenmn is

running. It can also he used in several processes
simultaneously., for examole, to put records of successful
transactions on tape and records of checkpoint failure

transactions into a file.

This c¢command should not be wused exclusively to keep the
input gueue trimmed, Occasionally the input queue should be

completely cleared out so that transaction numhers can be reused.

DRAFT: MAY 8E CHANGED 3-16 12729/78% CC96
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to_start_19 to_start_1io
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Hama: “o_start_io

The to_start_1o commang turns a orocess into a TP I/C
orocesse adding 3In entry in the master table., It 3attaches any
snpecified channels and can s=t itself .up as a cdial responder.
Its purpose is to initialize supoort for each channel, not to do
actual input or output,

X323z

to_start_i0o io_proc_name tp_dir_name {channell ... channeln?
{-control_args}

shera:

1. io_proc_nane _
is the name of the I/0 process as used within the TP
subsystem,

2. to_dir_name
is the name of the diractory containing the control
segments for the TP subsystem.

3. channali
is the name of a slave <channel, The name must pe
defined in the system channel definition table.

\
4. control _args

may be chosen from the following Llist:

~gial gial_name
establishes a dial responder for users who us=2 the
dial facility with the dial_name.

-registered_d4ial dial_name
similar to =dial but allows users to omit specifying
the process group ID when using the d4ial facility.

-sWwitch_tty_to_tn . . )
when tp_start_io is invoked from an interactive

process, this control argument switcnes the handling
of terminal I/0 from Myltics command level to the TP
subsystem, Useful for debugging. .

DRAFT: MAY BE CHANGED 3-17 12728778 CC96
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Niame: to_user

The to_user command contains interfaces for managing the TP
verson name table.
Entry: to_userfadd

The 3dd entrysoint adds users and their oasswords to the TP

Derson name table. These user names are not related to any user
names registered on the gJeneral Multics system.

Kz
%)
(Y
[
o

tp_user3add ont_name {(control_args)

Wwhere:

1. pnt_name
is the pathname of the TP subsystemn's pa2rson name
table.

2. control_args

may be chosen from the following Llist:

-file_input file_name, -fi file_name

specifies that the input 1is to camne from the segment
whose oathname is file_name,; in this cas=2, each Line
consists of a single user name and, opotionally., a
password. If the password is omitted, th2 caller is
promptad for it. The default is to promot the caller
for each user name. The password may be given on the
same line/; but if it is not, the caller is oromoted
for it also. To exit from the command, type "write"
insteaid of a user name; this performs the actual
uodate, dn the next line, tyoe '"guit'". If quit is
Jiven without write, the caller is questioned,

-brief, -bf
specifies that the introductory message about how to

Uuse the command i1s not to D9ne printed. It is ignored
in file_input mode.

NRAFT: MAY BE CHANGED 3-18 127287738 CCG5%



to_user to_user

Eatry: to_userschange

The change 2ntrypoint changes a persan's password,

to_userSchange opnt_namn2 {control_args

4here the arguments are the same as in the add entrypoint.

Zatry: to_userfdelate

The delete entrysoint deregisters users from the TP
su2system,

tp_userSdelete ont_namne {(control_args?

where the arguments are the same as in the add entrypoint ex¢eot
tha*t no oasswords are involvad.

PRAETs MAY 3E CHANGED C 3=19 127287178 cco6
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Nama: tp_who

The to_who command prints the names of the current users of
the saecified TP subsystem. It .may be used in either the master
process or an I/0 nrocess. i
dsage

tp_who {Person_idl ... Person_idn} (-control_args?’

where:

1. Person_idi :
is the name of a wuser as registered in the TP
subsystem,

2. control _args

may e chosen from the following iist:

-long
orints the channel IDs as well as the names of users.
The default is just to print tne names.

~jo_proc proc_name
orints information only about users connected to the
specified /0 process. aroc_name is the name of the
1/0 orocess as used within the TP subsystem.

PRAFT: MAY 3E CHAMGED 3-20 12/728/77% CC946
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Maima: transaction_cali, trc

The transactian_call command performs, controls. or obtains
status information for an atomic¢c Jata base operation.

w
w
[ V9]
b
¥D

trc op_key tcf_sw {-brief, =-bf} {ar3s}

where:
1. so_key designates one of the following operations:
transact, t
executes a3 given command line as a3 transaction.
checkpoint, ¢
attempts to complete the current transaction and
reset the transaction number to O if successful.
roliback, r
undoes all modifications mnade on behalf of the
currant transaction and resets the currant
transaction number to J.
assiyn, a
reserves 3 unigque transaction number for the current
transaction by creating a new entry in the control
file (tcf),
status., s
prints information about a transactions, including its
numbers, comoletion statuss, and optiomally also shows
the counts of references and/or verifies them,
nunber, n
prints and optionally resets the current transaction
number without altering the tcf.
2e tef_sw ' ) L
names an /0 switch attached to the transaction
control file (tef).
3. -brief, =~of
optionally suppresses the default message printed by
this command. If status wWas requestad, this
suppresses the counting of references made by the
transaction,
4, args

vary as followss, denending on the choice of np_key:

DRAFT: MAY BE CHAYSED 3-21 12728178 ccos
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trans

call transaction_call

- mn - - — ————— - ———— -

act
command_Lline

checkgoint

rolilb

(n2 additional ar3s)
ack
(no additional args)

assign

statu

{transaction_number?
s

{=-verify,=vf}) {transaction_numberl}

number

where:

1. command
2. transac
3. -verify

doles:

A tran

{transaction_number)

_line
is a Multics command line that need not be enclosed
in quotes unless it contains soecial characters,

tion_number

is a3 nonnegative integer that wuniaquely identifies 23
single transaction. If the assian op_key is given,
then this is the new transaction number, if omitted,
the next available number is automatically supolied.
If the status op_key is given, then this is the
number of the transaction whose status i1s desirad,
otherwise, if omitted, the current transaction is
assumed, If the number on_key is 3iven, thsn this is
the new transaction number, if omitted, then the
current number is printed and no changes are made.

’ ‘\lf
causes a check aof all passive references made 1in the

transaction for possible 3synchronous changes, If a
previously referenced item has been changeds, an error

message is orinted, indicating that this transaction
will be unsuccessful,

saction number is automatically assigned upon the

first reference to a3 data base item within a new transaction, 1f

no transacti

"number" op_

all cases, e
transactiaon
hase),

DRAFT: MAY

on number has been exolicitly set via the "assign'" or
key. The tcf switch must be open for modification in
xC2pt when one uses the "number'” op_key, and if the

is entirely passive (i.e. does not alter the data

3E CHANGED 3
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transaction_call _ transaction_call_
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N3nmg: trainsaction_call_

The transaction_call_ subroutine executes a given command
line as an atomic transaction on a specified data base, Hanalers
are established for the cleanup and orojram_interrupt conditions.,
The cleanup handler causes the transaction to be rolled back if.,
for exampla, the user quits 3nd releases. The program_interruot
handler permits one to rollback 3and reexa2cute the commnind Line by
tyoingy ni from command lavel,

Jcl transaction_call_ entry (ptr, fixed bBin(395), char(x),
fixecd bin(33))

call transaction_call_ (tcf_ptr , cur_tcode » command_Lline .

code)
where:
1. tef_otr
noints to an ijoch for the transaction control file
(Input).
2. cur_tcode
is set to transaction number just completed (Dutput).
2. command_Lline
is a Multics command line that need not be enclosed
in quotes untess it contains special characters.
4. code
is a standard system error code (Qutput),
Iransactions . Sme e
A transaction is a wunit of orocessing that has the

apoearance of taking place as an indivisible, atomic operation,
Arbitrary procedures involving any collection of vfile_ indexed
files may be invoked as transactions via this subroutine,

DRAFT: [MAY SE CHANGED
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ASPEARANCE

A cartially completes transaction tarminates =2ither by 3
successful checkooint operation, or by a4 rollback. That 1is to
says, until a checkodint occurse the d3ta base apoears unchanged.,
except within the current transaction. Any data base
madifications that 3 transactisan makes 3opear simul taneously.,
og4tside the transaction “«nich makes them, when the checkpoint
takes olace.

PiJIPOSE

There 3are two major reasons for encaopsulating a praocedure as
3 transaction, The first is to simolify the programmer's tasx of
handling inconsistancies that can arise from interruptad
coeratians that are not resumed (e.g., bdecause of a svstem crash
or an apolication program error), Second., in the event that 3
data Dbase is shared amonj indenendent processess, the entire
curden of synchronizing file access is removed fraom the
orogrammer and automatically managed by the system transaction
arocessing facility.

TCF SWITCH

€ach 1independent transaction server (task or process that
serforms transactions) recuires an I/0 switch that assaociates the
transactions with a particular data hase. This switch is
attached by the wuser to a pvermanent transaction <cantrol file
(tcf), that is used in conjunction with the collection of files
that compose a singte logical data hase,.

TRANSACTION NUMBERS

A  transaction has a unique 1identifying number associated
with dits tef switch. Initially and after a checkpoint or
rollbackes this number s zero, indicating that no current
trinsaction is defined for the given tcf switch, A transaction
numher is assijyned automatically whan a data base file attached
via =transaction to the tcf switch 1is referenced, wunless a
nonzero number alresady has been set axplicitly.

NPAFT: MAY BE CHANGED . 3=25 12/23/73 CC6
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transaction_call_ transaction_call_
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REFERENCE LISTS

A temporary raference list dis automatically maintained with
e3ch tcf switch. This structure, which is implemented as an
indexed file without records, contains the necessary information
for keeping track of passive ref2rences made during the course of
each transaction., so that asynchronous changes that might
invalidate the transaction can he detected., The reference Llist
also identifies all items modified during weach transaction, in
arder to clean up the data base at checkooint or rollback time.

DATA 3ASE

Any collection of vfile_ indexed files may pe defined as a
data base unon which to apoly transactions. ALL that is required
is that a common tcf always be used in connection with refarences
to any file in the given data base, and that the individual data
bas2 files be attached with the ~-transaction option specifying a
tef switch attached to the tcf for the 43t3 base.

TRANSACTION CONTROL FILE

The tcf is 3 permanent 1indexed file <containingy only index
entries (i.e. no racords). The wuser 1is responsible for its
creation, but the tcf is iaplicitly manipulated by vfile_ and the
various transaction_call_ routines, so that no explicit user
odoerations on this file are required. I1f concurrent transactions
are performed on a common data base, the =share option must be
givan in the tcf attachment, as well as in the attachments to the
data base files that are shared.

TCF ENTRIES

Keys are added to the tcf when a transaction numnber 1is
assigned for a new transaction, Each key's descriptor is a flag
indicating the state of logical completion of a sinale
transaction., Thus the atomicity of a transaction is recduced to
changing the flag on its tcf entry.

DRAFT: 9AY BE CHANGED 3
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transactioyn_call_ transaction_call_

N2EITNG CONSTRAINTS

In orger to use transactions, the user must first attach and
ooen the tcf for the data base. The user is also responsible for
attaching and opening all data base files to be referenced befaore

issying any transactionss, anid none of these files should be
clased within a related transaction,

A3NOJORMAL TERMINATION

W4hen a checkpoint 1is attempted, or wupon referencing 3 data

bas=2 item previously read in the same transaction, it is possible
that an error resulting from an asynchronous c¢hange in another

transaction may be detscted,. This situation makes it impossible
to correctly complete the current trans3ction, and the
transaction must he anorted, To determine whetner an unexpected

arror was caused by an asynchronous data base changes, One may use
the transaction_call_3status entry with the verify option.

See the description of the vfile_, I/0 moduleg in the “PH
Subroutines. For 3 dascrinogtion of the command lavel interfaces
corresoonding to the transaction_call entries, see the

description of the transaction_call command.
Entry: transaction_call_3assign
This entry reserves a wunigqu2 transaction number for the

current transaction and returns the new transaction numnber, The

tcf switech must be opened for modificatton, so that 3 new entry
can te created.

4saae

del transaction_call_%assign entry (ptr, fixed bin(35),
fixed Bin(35));

call transaction_caltl_3assign (tcf_nptr , cur_tcode » codel);

where:

1. tef_otr - ‘
-~ points to an iocb for the transaction control file
(Input).

DRAFT: ™MAY BE CHANGED 3-27 12723/78 cco6
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transaction_call_ transaction_cal (_
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2. cur_tcode
is set to the n2w transaction number (Jutout).

3. code
is a standard system error code (Qutput).

=4
10
It
I
)

4 transaction number c¢an also be assigned wvia the
transact_Snumber entry. The user 1s not reguired to preassign a
transaction number at alls, in which case one is automatically
3ssigned upon making the first reference to a data base item for
the new transaction.

Eatry: transaction_call_3checkpoint

This entry attemots to complete the current transaction on a
data base associated with a given transaction —control switch.

The currant transaction number becomes undefined if the
checkoocint is successful.,

[
tn
(59
L
¥D

dcl transaction_call_3checkpoint entry (ptr, fixed hHin{(35),
fixed bin(35));

call transaction_call_3checkpoint (tcf_ptr., cur_tcode,
code)d s
where:
1. tcf_otr
points to an ioch for the transaction contraol file
(Input).
2. cur_tcode

is set to transaction number just completed (Dutput).

3. code
is a standard system error code (Qutput).

DRAFT: MAY 3& CHANGED 3-28 12/728/73 CC 96



transaction_call _ transaction_call_

Eafry: transaction_call_3Znumber
This =2ntry returns and optionally resets the current
transaction number for a3 given tcf swWwitch. The control file

itself is not referenced or altered by this oneratiosn, permitting
ourely passive transactions to have only raad access to the tcf.

$4saas

del transaction_call_Snumber entry (ptr, fixed 5in(395),
fixed Hin(35), fixed bin(35));

call transaction_call_38number (tcf_ptr, cur_tcodea,
next_tcode, code).

Te tef_ptr
points to an jocb for tha transaction control file

(Input).

2 cur_tcode .
is the current transaction numher (before changing)
(Qutput).,

3. next_tcode

is the new transaction number or 2ero, if no change
is desired (Input). '

4, code
is a standard system error code (QJutput).

daras

when a transaction is known to involve no data bhase
alterationss, this entry may be used to initialize the transaction
Aumber to a unique value, thereby avoiding the necessity of
moiifying the t¢cf in oqorder to reserve new code. Jnless the
transaction number has been initialized, a tef entry is
automatically assigned on the first reference to a data base item
in the current transaction; the default bDehavior requires that
the tcf hHe opened for modification,

DRAFT: MAY 3E CHANGED 3-29 12728778 ceds



Entry: transaction_call_Srollback

This entry undoes all modifications that have been made on
behalf of the currant transaction in a specified data base.
Usage

del transaction_call_3Srollback entry (ptr., fixed bin(35),

fixed bin(35))7
call transaction_call_5%rollback (tef_ptrs, cur_tcode, code)’

where:

1. tcf_ptr
points to an ijocb for the transaction control file
(Inout),

2. cur_tcode
is set to the transaction number just abcrted
(Qutput).

2. code
is a standard systam error code (Qutput).

Jotes

The effect of a rollback is Llogically invisible ocutside the
current transaction, except possibly in its immediate cleaning up
of accumulated garbage (after images). The transaction number
for a rolled~back transaction 1is not reused. After issuing a
rollback, the caller’s transaction number for the given tcf
s4itch hecomes wundefined, and the data base is restored to 1ts
state following the last cha2ckpoint.

Entry: transaction_call_%status
This entry returns various items of information about a

transaction for a spacified tcf switch, These include the

transaction number, its completion statuss, 3and optionally counts
of nassiv2 and non-passive references,

DRAFT: MadY BE CHANGED 3-33 12728773 CCP5
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transaction_call_ transaction_call

dcl transaction_call_3status entry (otr, fixed 2in(35),
"bit(34) aligned, ptrs fixed 2in(33))7;

call transaction_call_%status (tcf_ptr, cur_tcode.,
ts_status_word, ts_infopo, code);

dcl 1 ts_info based ( ts_infop ) »
2 flags.
3 verify bit ¢ 1 ) wunal, /> causes data hase itams to
ha checkad »/
3 pad Bit ¢ 17 ) unal.,
3 version fixed ( 17 ) unal, /* set to currant version
By us2r == Input =/
2 passive_refs fixed ( 34 ) , /* Qutout =/
2 non_passive_refs fixed ( 34 ) , /» Qutout =*/
2 pad fixed 7 /* reserved for future use »/ dcl
ts_info_version_0 static internal fixed options ( constant ) init
« 2 2

ts_status_flags

del 1 ts_status_flags based ( addr ( ts_status_word ) )}

2 defined bit ( 1 ) unmal » /* set if tramsaction Aumber
found in tecf */

2 status fixed ( 34 ) unal; /+ 3 = incomplets » 1 = done , 2
= abortad =/

where:

1. tcf_ptr
points to an iochb for the transaction control file
(Input).

2. cur_tcode
is tha transaction number feor which status
information is desireds, or set to O to soaecify the
current transaction., If this is Z2ero, then the
returned value is the current transaction number
(Input/QOutout).

3. ts_status_word
contains 3 co de defininy tha status of this
transaction as one of the following (DJutput):
undefined = no tcf entry exists incomplete = in
progress, out not yet checkpointed done -
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successfully checkpointed (can't rollback) aborted -
rolled back (can't checkpoint) '

4. ts_infop

points to a structure, ts_info, in which the counts
of refarences made by the transaction are to be
returned, If null, this information is not obtained
(Input).

5. ts_info.verify

if set, causes the list of oassively referenced items
for this - transaction to be checked for opossible
asynchronous changes. If 3 change is detected, the
returned code is set to error_table_3Sasynch_change,
indicating that this transaction is unsuccessful
(Input).

5. ts_info.version

is the version number for this infg structure, which
should be set to ts_info_version_J (Input).

7 ts_info.passive_refs

is the number of distin¢t items referenced passively
(not modified) so far in this transactian (OQutput).

R ts_info.non_passive_refs

DRAFT:

is the number of distinct data base items modified sc
far in this transaction (Qutout),

is 3 standard system error code (Qutput).
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The list of commands that a particular site may use is
contained in a Hinary table xnown 3s tp_commana_table_.,
maintainad by the TP administrator of the site. There is onse

entry in the to_command_table_ for @ach command, the entry
contains the name, scheduling infornation and other attributes of
the command., The tp_command_table_ is created from an ASCII
seqament known as the TP source command table (TPSCT).

’

The T2 sunsystem references the to_command_table_. when it
gets 3 command Lline. In order to make a3 change to the
to_command_table_, the TP adainistrator must modify the TRPSCT and
cdnvert the TPSCT into a Hinary copy of the tp_command_table_.
The to_command_table_ can be installed only when the TP subsystem
is not running,

22sgription_of _Squrge_Lanauags
The source Languaqe for the command table consists of a list
of keywords with values. There must first he a 3lobal section
snpecifying default values that d4iffer from the system=gragvided
defaults, and then a section for each command,
The syntax of a statemnent is as follows:

<keyuworgd>: <parameter>;

GLO3AL SECTION
The global section consists of a global statement followed

hy statements whose values are to be applied to all commands as
default values. It must appear at the bejginning of the command
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taole source seament and 1is terminated Dby the first name
statement.

The global statement syntax is:

global:

There are no paramaters,

The statements 1in this section may contain any of -the
keywords described. under the command section with the exception
o f the name and pathname keywords, and are overridden by
stitements in the coammand sections that have the same keywords.

If the 3lobal section is emoty, the global statement 1is
immadiately follow2d Dy 3 name statement.

COMYAND SECTION

There must be
user command that

i
command section n
contain a pathname

3 section in the source command table for each
s to be available in - the TP subsystem. Each
a
S

3ins with a name statement and Mmust also
tatement, The other statements are optional.

The keywords are described as follows:

name: namel, name?2, ... namen;
soecifies the name(s) oy Wwhich a TP subsystem user
can referance the command.

sathname: "command_pathname'; )
commani_pathrame is the pathname of the command.

call_convention: n/
the parameter is a decimal integer specifying the way
the arguments are to be o02a3ssed to the command.
Numbers 1 through 10 are reserved for use by the
standard TP software: others may be site-defined,. In
this r2lease, 1 is similar to normal Multics command
orocessing in that the arguments are all treated as
character strings, however no active function or
parenthesis processing is done, This is the default.

cpu_time_Llimit: n’;
the parameter is a decimal intejer specifying the
maximum amount of ¢pu time, in milliseconds, that the
command is to use in a singls transaction, I f the
time Limit expires, the transaction is aborted, The
default is O (no time Limit),
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real_time_Limit: ~n>’
the piarameter is a decimal integjer specifying the
mMaximun amount of real tim2, in sacandss, that the
command is to use in a single transaction, I f the
time Limit exodires, the transaction ‘is aborted. The
default is O (no tims Limit).

immediate: string,
if string is yes, the command is executed immediately
in the process that handles the uyser's /0., The
command i3 invoked wusing Multics active function
conventions and must not mnake data base references.

If string is no.s the command is gqueued as a
transaction. This 15 the default,

arioritys n;
the parameter is a decimal integer snecifying the
priority of the command. Of two transiactions queued
at the same time, tha one whaose commind has the
lowest numbhered oriority 1is processed first., The
origority value may be in the range from 7 to 1030,
The default is J.

retry_Limit: n’
the parameter is a decimal integer specifying the
maximum number of times a transaction 1is to De
reexecuted i1f checkpoint fails. After n+!1 tries, the
transaction is aborted, The defaylt is 3,

Installation

The bimary command table is compiled from tnhe source 5y the
to_cvsct command (see the writeuo in the Command section), The
binary form is created in the working directory with the
entryname source_entry_name.tpbct., To make this table accessible
tos the TP subsystem, it must te out in the TP directory and
renamed to tp_command_tanle_., This instatlation must not ke done
shile the TP subsystem is up, :

Modifving_the_Cemailer

This section Jescribes the staps necessary to add new items
ts the command table.

1. Add the new items to tpcommands,incl.ol1l,

2. Add code for processiny the new 1items to tp_cvsct.rds,
which is the reduction comnoiler source segment, See
the writeuo of reduction_compiler in the Tools "anual
for information about how to wuse reduction_compiler
constructs.
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3. Type:
reduction_comniler tp_cvsct
to get tn  _cvsct.nltl, Ahich is the actual compiler
source seament.,

4. Compile tp_cvsct with the P41 compiler to get
tp_cvsct, which is the compiler for ths command table
source langquage described in this manual plus the n=2w
items.

5. Add the new 1itemns to the command table source segment
and recompils it.

5, Recompile all TP subsystem programs that use
tpcommands.incl.ol1, making a3appropriate changes to use
the new items,

DATA_SASE_DEEINITION _EXEC_COM

Sumpacy

A worker process must open Ind ready each data base it will
use before it starts to oprocess any transaction. This is done
through exec_coms run when the worker process is initialized.
The exec_coms are preoared at the site, but recommendecd formats
3ire oresented in this manual to show th=2 necessary functions.
Following the standard formats enable 2a site to take better
advintage of some future enhancements, The main worker axec_coms
are described in Section 2 under "Initializing a Worker Process”,
Th18§ section describes the exec_com that 3ctually opens the data
hases. There is a labeled oart for each way data bhases are used’
CeTavs a JdJata base used by one worker for retrievals and by
another for updates would have two different exec_com sections.

The exec_cam is called with two or three arguments: a file
IDs, the submodel/file pathname, and the [/0 switchname, The file
ID is the Label of the appropriate section in the exec_com and
may be some wvariation of the submodel/file pathname., The [/0
switchname is given only when the dats base is wused directly
through vfile_ (rather than through MRDS/MIDS).

2esgrintion.of_to_init_data_Raseseg

%goto 31

Ylabel file_idi /+* format for "RDS data base =/

nrds_call open 32 null

mrds_call set_ctl_file to.tcf_ [get_mrds_dbi %

mrds_call ready_file [tp_get_database_index &2
rdy_mode?l ...

21
J file_namel

Jquit
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Note

/=~ similar format for MIDS =/

?label file_idj /* format for vfile_ 4data base
io attach %3 vfile_ %2 attach_options -

10 coen 43 ooan_mode

Tqu it

for the wvfile_ s2ctinn: for the fil2 to he checkpointed,

attach_options must include "=-stationary =transaction to.tcf_"

and

N2SRATQR_IA3L

the file must Se indexed,

n

The gnerator table contains an entry for each yser

consisting of the user name and the 2asswora in coded form, The

table can be modified only by tne TP administrator usini the
to_user command. See the command Jescriztion in S=2ction 3 of

this

manual,
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SECTION 5

ERROR HANDULIMNG AMD RECOVERY

A system crash does not usually rasuft 1in loss of data.
However, atl processes are destroyed and so transactions are
interrupted, Wwhen the system comes uo ajain, new processes are
created and all work in orogresss, which was associated with the
old proca2sses, 1s discardesd unless already checkpointed., The
aborted transactions are then rescheduled, This 1s done
automatically by the TP system. When there is Loss of data, most
of the input Qqueue (primarily records of transactions that have
been processed) should be intact on disk. ALl the records from
after a specified time corresponding to the state of the data
53asas should be made to look as if the transactions had not been
ryns, and thnen those transactions should be rerun.

Mo facilities are provided with this release for
journalizing the input gusue or for adjusting dJdata bases, quaues.,
atc. in case of loss of data.

Argrtaed_Transactions

The TP subsystem recovers fron unexpacted errors 9%y TPRs,
When a TPR gets 3n wunrecoverable condition, the worker orocess
executive orogram aborts the transactions, sending the user a
message to that effect, Then the worker process rolls back any
changes made and 3joes on to the ne2xt transaction, Recovarable
conditions include command_error_ and endpage. A site can insert
its own condition handler to detect what it considers to be
recoverable conditions,

Sometimes a transaction cannot be checkpointed because data
base records used by the transaction were modified hy someone

alse during the transaction., When tnis happens, the changes nade
by the transaction are rolled back and the transaction is rerun,
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The maximum numbar of rerun Attempnts for 3 particular T2R is
soacifiez In th2 ¢ommand table,

\
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SECTION 4

GUIDELINES FOR WRITING TPRS

QESCRIRTION_QF QRERATING _ENVIRONMENT

TPRs run in an essentially standard “Multics e2nvironment (see
the "PN Reference Guidel), althoujh there are some restrictions.,
dultics access control is performed with respect to the worker
Jrocesss, not the individual user. Input from the terminal is not
sypoorted 1in the release described oy this manual, so a TPR
cannot interact with the user, A TPR's input comes only from
arguments given ¢n the command {ine and from reading files, A
TPR should not do things that <change th2 environment, such as
changing search rules, although run units may be used. TPRs can
c3ll other programs in the “ultics storage system, as long as the’
Wworker process has access to them, Because a TPR is not always
invogkad on behalf of a oarticular user, internal static storaje
should not be used. Likewise, external static storage (including
FORTRAM common) should be used only within a orogram as defin=d
by an  invocation of the TPR by the TP executive, including any
suybroutines it calls, Thus any external static storage must be
reinitialized by a TPR each time it is invoked by the TP
executive, TPRs can be recompiled whenever the TP subsystem is
shut down.

H24_IQ_00_142

Tarpinal_ Quiout

Dutput that is to app=2ar on the terminal of the user who
initiated the transaction mnust be written on the [/0 switch
iox_S%user_outout (PL/I sysprint, FORTRAN file O or 4, (CO50L
DISPLAY statement). No way is provided for a TPR to write on any
other terminal,

Eilallly

{{&]

In the TP subsystem, all files to be referenced through
vfile_ or the M23" must be opened at the ©peginning of a worker
Drocess. This reduces overhead ani eliminates some <cleanup
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oranlems when T20s  a3sort, Thus T°PRs themselves 40 not open
files, Files <cannat 52 accessed through standard lLanguage [/0
mechanisms in this situation’ all use of files must be through

3lre2ady openea iox_ switches 4ith oredetermined names or through
the MDEW,

JSTHG ™RODS/MIDS WITHIN TP .

ALl the data bases used by 3 TPR are openecd and readied only
once in the workar D0Orocess, so that 2 TPR  should not call
dsl _%Sopen, dsl_3ready_file or dsl_3finish_*file, In order to
obtain the 43t3 vase index to use in other M)2M opgerationss, a TPR
must call asl_$3et_dbi, giving 1t the same suomgdel S3thname as
“ould otherwise be jiven to dsl_sopen. Its usage is described in
the commands section of this manual. A TPR may call a3 subroutine
that uses g different submodel.

If using the MD3" from a3 TPR written in C230L, the following
division must be included just before the identification
division:

CONTROL DIVISION,
DEFAULT SECTION.
GENERATE AGGREGATE DESCRIPTARS.

(=4

eylida.Butput

Disk storage 1s accessible through the Myltics stcraae
system or Multics Data Base Manajement (MD3M), The lin2 printer
may be wused through the dprint. subroutine, which causes the /0
daemon to pnrint the contents of 3 segment on the porinter, (S ee
the dorint_ subroutine description in the MPY Sybroutines,)
Cards may be opunched wvia the 1I/0 daemon. but may not be read
directly. They must first be read into the Multics storage
system, (See the description._for ? in tne MPYM Commands.) Tapes
may be wused throu3zh the [/0 modules taoe_mult_., tape_ibm_ or
tane_ansi_. (See the Jescription for jox_ in the MpPn
Subroutines.) If a TPR attaches a tape (accomplished throuagh the
Resource (Control Packagel), it must also detach the tape and
incluie a cleanuo handler to detach the tape if the TPR aborts.

CHECKBQINT AND RQLLIACK_ELATIURE

The system providies a3 checkpointing facility, which updates
a file with all changes made by the process since the last
checknoint, Any chanzjes made hefore the checkpoint are invisiole
to other uysers, At any time before the <completion of the
checkpoint, all changes made since the last checkpoint may be
rolled backs, i.e. the file Llooks as though nothing had happene-,
In order to use this facility, a file must be attached with the
-transaction onotion and all users of the file should use the same
transaction control file.
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In the TP subsystem, 3 checkdoint is performed automatically
by the TP executive at the end of each transaction aoplying to
all files used by that transaction, It is recommended that TPRs-

not perform intermediate checkooints as this may affect the TP
recovery mechanism, :

‘However, if 3 TPR takes a long time to execute, there is an
increased orobability that some of the records read would have
since been changed and checkpointed by another transaction. If
this 1s likely, the TPR should be written to inctude a call to
transaction_calldstatus with the verify flag set. This indicates
whether a <checkpoint would succeed if issued at that point 1in

time, If it wouldn't, there 35 no reason to continue further,

The TPR should call to_roltlbhack_transacticon_ (with no arguments).,
which will roll back the current work and reinvoke the TRPR,
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COMMENTS ON THE TP HMANUAL

One facitity that is not yat discussed 1in the manuatl out
will progably Dpe [(ncliudea s that the [/0 and worxer processas
can 3also be run as daemons.

Somatime auring tre next y=2ar a TP PLM should pe writtan,
since most sites will need to m3ike some chanyes tg9 suit their
naeds. The TP software 1s desijned to facilitate such changes.

A NAMING FROBLEM

One jtem that still needs to ba resolved [s how the lgcation
of the ITPR should be represantsa in  the commang table. Twao
methods are proposeaq: full pathnames and referenc2 names. In
ejifher case, the name (at least in tne sourcsa) will end in
Jentry_name when necessary to soecify the particular entry ooint.

Some advantages of using pathnimes are:
« the I35cation of a TPR is more obvious:
e The machanism (s simpler;
« it Is safer, since the exsct location is specifieds’
» it |S easier to chack whetner the correct varsion is
.being used.

Some advantages of using reference names are:!

« search rules’ are usad (these <¢an Dbe madge ressonaoly
safe Dby outting fthe List in a segment which all worker
exec_coms use) ; '

e« they are more mul ticious?

« the command table does not need to be changed (f TPRs
are moved arounds;

o« different wvesions of TPRs can Dbe tested without
changing the command table (the command table would be
linked to from 3 test subsystem).

In either case, a workKker process obtains a gointer fto an
antrypoint only onces when it first has to execute a particular
TPR. '

SOME FEATURES NOT INCLUDED IN THE FIRST RELEASE

Recovery from toss of data aftar a crasn when ESD fails.,
The data bpbases are f{eft In 3n inconsistent state. The Dackup
mechanism [s not adequate in tnis case unless the data base was
packed up when it was not being used. This is an important but
very difficult oroblem and will ba tackled in the fyture,
Currentliy, there is available a force write primitive whose use
can make things somewhat safer. [t is nat used by the TP
subsystam,

Journatization ot the [nput Qqueue, The queuing of a
transaction should be acknowl edged oniy aftrter the system is sure



the record (s out on disk or tace. Thnen the user wil! kncw that
if the transaction is acknowladged,y, it will ailways De executed.,
This feature will oe avajilable whan the Journalization option to
viile_ is implemented.

Per formance testing. In order to test the TP suosystam*s
performance wWitn particular TPRs {n a3 useful wayy it will pe
necessary to set up an internal driver mechanism,. In this case,
transactions 3ars read from a file instead of from terminals wnich

allonws them to oe an terad at 3 much faster as well 3s m ore
controlled rate, The details of this have not been worked outy
but although 1t will be necessary for benchmarks, it witl

propaoly not be done for the first reiease.

Access control within TP, The first release does not
provide such facilities as limiting the numoer of commands 3 user
can execute or restricting the data pases 3 user can reference.,



tTpcomm3andse tncleoll

/% BEGIN INCLUDE FILZI ..., tOCOmMmAdNUS.iNCl pliil #*/

acl L Tp_caommands aligneg based(tocot_ptr),
2 charactar_region char (16384) aligned,
2 bucxketrs(gistl) 3alignea,
3 slorsidy) sligned,
4 charactar_index fixad Din{i7}) unal igned,
4 commana_t3abla_index filxed Din(17) unal igneaqa,
2 commands(d :2047) 3l igned,
3 command_number fixed bin(35),
3 commangd_type tixed 2in(33),
3 mogify_time fix=2d oin(35),

3 scneduling_infoy

& cpu_tima_limit fixead oin(3%),
4 real_tine_Jlimit fixed pin{35}),
4 drop_de=3d_time fixad pbin(35),
4+ deadline fixed 0in(3%),
4 delay_rime tixea oin(35),
4 max_concurrent fixed oin(33),
4 expacted_cou_time fixad oin(33),
4 deadlock_priorifty tixed Din(35),

3 accga2ss_info,

& tp_tevel fixaa bin(35),
4 ftp_attrioute bit(30) alijnaa,
& pad_l fixed oin(35),
& pad_c fixed pin(35),

2 cantrol_info,

—— & failure_limir fixed oin(33%),
& ratry_limit fixed pbin(33),
4 aamin_out_of_servics birt(1l) unal ignea,
& failure_out_of_service bit(l) Jnal ignedg,
4+ test_moge piT (L) ynalijnaag,

3 execution_info,

4 pathname char (Lb68) align=2a,

& caliname_inaex fixad oin(35),

o callname_total tixed bin(32),

4 imnediatre pit(l) unal inaa,
¢ interactive bit(l) ynal ijnea,
& conversational bit(l) unal igneaq,
s+ call_convention fixed 0in(35)

dc tocbr_otr prer;
R - ¥ ad

/% END INCLUDE FILE os. tpcommangs.inci.pll */
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tp_master_taocle.incl.oll

/% BEGIN INCLUDE FILE «.e¢o fp_masfer_table.incl.pll ¥/

actl (tpmp, wkp, iop, tp_ttep, irp ptr;

dcl 1 tp _master_tavle pased (tpmp) alijgned, /¥ Seygment structure ¥/
2 lock bit (30, /¥ Al.docation lock ¥/
2 master_procid bit (30), /% process whicn issued start_tp %/
2 wWworker_error_event fixed bin (71), /* event-call channel for wnorker errors */
2 io_error_event tixed bin (71), /% event-call cnannel for io error- %/
2 logout_avent fixed bin (71), /% event_call channel tor fogouts ¥/
2 startup_tim: fixea bin (71), /% time of start_tp #*/
2 sysdir char (64), /¥ 1able directory #/
2 n_io_procs fixed pin, /¥ current count of io procs ¥/
2 n_worker_procs fixed oin, /% current count of workers ¥/
2 io_proc_heai bit (1a), /¥ head of ioproc chain %/
2 vorker_proc_head bit (13), /¥ neada of work:zr chain ¥/
2 transaction_no fixed bin (35), /* ftransaction counter */
2 pad (5) tixed biny
2 area area (1004) /¥ Allocation of everything else #/
dcl 1 worker_entry based [wkp) aligned, /% allocated whnen worker attaches %/
2 type tixed bin,
2 next pit (18,
2 lock bit (361, /% zero 1f worker is blocked #/
2 name char (8), /¥ name */
2 control_starte fixea bin, /% state of tp_run_worker %/
Z 1o_module_state fixed oin, /¥ state ot tp_attach ¥/
2 have_eérror bit (1) aligned, /% error info indicator and lock */
2 logout_sw bit (1) aligned, /¥ master -> worker fto loy ouj ¥/
2 delayed_logout_sw it (1) atiygn=d, /¥ master => worwker to loyg ouft wnen gll done %/
2 Jogyed_out_sw bit (L) aligned, /¥ worker has luoyged out (set by worker) ¥/
2 procid bit (306),
2 wWairt_list,
S nchan fixed bin,
3 input_event fixed win (71), /% werker blocks on this ¥/
2 cur_xcn_info aligned, /% info sbout xcn beingy executed */
3 xcn_no fixed bin (35%), © /% transaction number ¥/
3 tpr_name char (321, /% name ot tpr a5 ylven by user ¥/

3 user_name char (32}, /¥ name user (ogyed In Aith ¥/



dci
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arror_into,
3 tlags aliJned,

4 abort_sa b1t (1) unil,
i queue_sAa bit (1) unal,
4 read_error_sw ot (1)

4 Jogyout_sw oit (1) unal,

(32) unal,
fixed Din,

4 padl bit
3 command_no
3 condition char

io_entry basea (iop)
type flxed vin,

next bit (141},

loca bit (36),

name char (8),
riter_state tixed vin,
procid wit (36),

stop_input_.w Dit (Ll) aligned,
Jogyout_sw bit (1) aliyneu,
fogged_out_sw it (L) alijned,

terninal_heaa it (14),
outhut_busy bit (3ul,

outout_drivar_event fixed bin (71),

dial_chn ficed pin
in_iocbp ptr,
out_locbp ptr,
tct_iocop prr;

(71),

tp_tte nase |l (tp_ttep)
type fixed 2in,

next bit (14),

active tixed o0in,

name char (L2),
user_name cnar (321,
twx fixed bing
tty_stata fi1xea bin,
tty_type char (3<),
tty_id_code char l4),
cur_line_tyoe tixed bin,
paud_rate fi1xed bin,
tra_vec fixed bin,

evenrt fixed binary (71),

)

(32) vari

aligned,

Al lgned,
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VA
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/¥

VA

VA,

VAS
VA
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/¥
VA
VA
/¥
/7%

/7%
VA
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/7%
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/¥
VA

avort all

|

P processing %/

Can't chichpoint Queues #/

can*t rcud
prac 1Ls

from inpur
1o294ging out

queue ¥/
v/

index of current commana ¥/

name of conaitjion %/

altlocated 4t joproc startup ¥/

zero if ioproc nct typeinyg out ¥/

state of tp_writer_ ¥/

master -»> jo proc fto stop accepting ingut %/
master =-» jo proc 1o log out atter tinishing
iv proc has toggyed out (set oy .0 proc) #/
relp to 1ist of ttys %/

zaro 1t fo proc is blocked four cutput ¥/
event-call cnannal ¥/

it a dial server %/

tocal storagje ¥/

dgeclardtion ot

state of entry
channe |
name user o4y
ring 0 twx ¥/

channegl

terminal

name *#

SstTatue

type

ia coue ¥/

a sinygle

(T=0
/
ed 1n
¥/
¥/

transter-vector ftor

name

of

cvent

call

cnannel

terminal entry ¥/

->» aCtive) 7/

with ¥/
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event call channel ¥/
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2 dim fixed pin, /¥ i=hcs_Btty, ‘=npet_as_, 3=gllv_a._ ¥/

2 pad (4) fix:da piny
2 control,

3 innhibit it (1) unal, /¥ Inhipbit odtput - opr is typing in %/
3 output_wait bit (1) unal, /¥ hardcore wouldn®t taxe nmore outjput %/
3 output_perding oit (1) unitl, /¥ some output gueued ¥/
3 qait vit (1) unal, /% opr hit QulTl #/
3 conversation pit (1) unal, /% 1RUE 1 f conversational xcn ¥/
$ urused oit (31) unal,
2 inct tixea oviny ¥ input line count */
2 outct fixed bin, /¥ output */
2 user_state (4) fixel bing - /% storage for TPR */
dcl 1 input_record pased (irp) aliyned,
2 transactlon_no fixed bin (35), /% transaction number */
2 viile_transaction_no tixed ain (3%), /¥ transuction numoar assigned by file_ #*/
2iuser_name char (32), /* name user loygyed in with ¥/
2 reply_ioproc_ret bit (18),, /¥ offset of reply [/0 proc entry ¥/
2 reply_tty rel it {(13), /¥ offser of revtly tty entry #/
2 time_entered tixed oin (71), /¥ time input Qgueued ¥/
2 time_execution_begun fixed aoin (71}, /¥ time tpr was invoked ¥/
2 time_execution_done fixed vin (71), /¥ time tpr tinished lincl reftries) #/
2 execution_cou_time fixed bin (71), /* cpu time spent by tpr ¥/
Z\execution_puging fixed pin (35), /% page faults taken by tpr %/
2 worker_paging fixed bin (39}, /% page faulfts taken by worker ¥/
2 input_paying tixed pin (35}, /% page faults taken wnile queuinyg input */
2 no_of_retriaes fixed biny /¥ no of times tpr wWwas (nvoked ¥/
2 comoletion_f lays aligned, /¥ indicates now tpr finished ¥/
3 normal oit (1) unal,
3 error_avort wuit (1) unal,
3 cnechkpoint_abort oit (i) unai,
3 cou_time_abort D1t (1) unalsy
3 real_time_aoort bit (1) unal,
2 command_name char (352}, /¥ name ot tpr as ygiven py user ¥/
2 command_indz2x fixed bin, /% index of tpr in command tTaonle #*/
2 buffer_length tixed vin, /% length of input buffer iIn chars */
2 aryument_buf fer char (29448); ¥ anput minus command name ¥/

dcd (WORKER init (3}, 10 init (&), TERM init (5)) fixed pin static options {constunt))

/¥ cND INZLUDE FILE «ee to_master_tavble.incl.pll ¥/



