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Sublectt? New Library Tools: Design Principiles

For the past several years, efforts have been unaerway to rewrlte
ana dgenerally clean wup the coge in the tools which are usea to

maintain the Multics System Libraries. A major phase of the
effort endea with the jinstallation of the update_seg COMMANC,
which installs segments in the Online Libraries. Now 3 second

major phase is coming to fruition. This MTB summarlzes the work
which was done as part of this second phase.

Sincs the work was begun before MTBs or the MCR board came into
peingy It has been proceeding without having an approveo MCK. It
is my intention now to hold a Desiygn Review of the basic designs
summarized belows, and then to submit several MCRs rzquesting tha2
Instaliation of the new or moditiec library tools.

Goals of Phase Imo

Phasa Two of the clean UJUp campaign aqdresses (at teast) 7

different toois which are used in library maintenance. These
ares msi_info; mst_global_format; msi_short_format;,
get_library_sourcs; cleanup; icref; and cross_referencee.
Respactively, these toolst printea brlef information about
entries in the tibrary on the wuser®s terminal; genherated
detai led library status information in a segment; generated
brief llbrary status Information In a segment; extracted source
segmants from the library;y actually delete from thz Online

Librarles those segments which were repiaced as part of an
instaliationy, but which could not be celeteg at instaliation time
because they might have been iIn use in someone®s process;
cross~-reference the use of include segments by tibrary entrijiesjy
cross~reference the use of library entries Dy other liorary
entrices. (1)

(1) ast tense is usea Iin some of the agescriptions above to
indicate a charge in the operation of certain tools. For
example, we no longer have MSLs (Multics Segment Lists), SO0 The
ms | programs have been replaced by TtThree new programs which
perform the same function In a different wavye. These programs are
gescribea in a forthcoming MTd. When the Online Libraries were
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Each of these tools has one or both of the following deslgn
flaws?

. either the tool used & special library data pase which
Wwas Ilnvariably out=-of=-sync with the actual library
contents {(the MSL data base)s or

. both the togical ana physical organization ot t he

Multics System Librarjies 1s <coded into the tool and
therefore the tool has to be modified whenever the
togical or physical organization changes In any wiye.

Thereforey, the goals of the ciean up campalign are toi

++ elimlinate the information from the MSLs which Is
cupllcatec elsewhere in the libraries (e.gesy sStatus
information for library entries, name of bound segment
containing a component, language type of a component)
ana to store the remaining information in 3 g©ata base
which is simpler to maintain, easier to check for
consistencyy, and which does not interact wlth the
{ibrary installation toolss ang

++ store the organization of the Multics System Libraries
{the directory structure, naming conventjions, and
knowlecuge of the types of segments in particular
directories) in a single data base which can be used by
each tool, and which can be centrally updated when
reorganizations occur.

Replacing the MSL

It has been fairiy easy to meet the tirst goat stated above,
because the only MSL information not contalned elsewhere in the
librarjies (either as segment status information or as archive
component header information) is the ID of the particular systenm
in wnich a Hardcore or Salvager Library entry was 1ast moditied.
However, there is a agirect relationship between tne aate on which
] library entry was fast modifiedy and the date on which a
particular system was Installed in the libraries. Therefore, We
can replace the MSL data Dbases with a much simpler data base
consistirg of a tist of system IDs for Hardcore and Salvager
Systems, and the date on which those systems were instaltea in
the libraries. Theny by comparing the dadate modified of each
Hardcore or Salvager Library entry with this list, Wwe can
getermine Iin which system the entry was last mocified.

The tist of system IDs is implemented as an arrsy of system ID -
gate palrssy sortea by cate (and therefore by system ID toon). New

re-orgarizedy get_llibrary_source was extended to allow extractlion
of oblect segments from the Online Libraries ana was therefore
renamed get_Jllbrary_segment,
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commanas adad an entry to the bottom of the list each time a
Hardcore or Salvager system is updated Into the librariesy and
replace or delete entries which are in error. When given a3 gate
tast modified for a tibrary entry, a new subroutine returns the
appropriate system ID.

Note that the list is easy to maintain and to check for
consistencyy, ana that [t does not interact with the Hardcore
Upagatery, but s upcatec Insteac (via commanc) by the installer at
the end of the Hardcore or Salvager installation process.

Having replaced the MSL wlth the system ID listy it has also been
necessary to replace the ms tools which reportea on the
information stored in the MSLs. msli_info will be replaced by
{ibrary_into (cocing 1is in progress),y, and msl_short_format and
msi_global_format have been replaced by library_map. These new
tools wWwill be described In a forthcoming MTB.

Proplem With Lipbrary QOrganlzation

One of the tiggest problems confronting the itibrary maintenance

tools is the organization of the libraries themselves, For
various reasonsysy the systenm is divided into different loglical
{ibrarlesy and these tibrarlies are 1in turn diviaeg into
sub-libraries (or directories). Thus, we have the stangard
tibrarys wunbundied library, tools library, author-maintained
fibrary, installation-maintainec libraryy network (lbraryy eesass
And we have, within each library, source directories, object

directories, bind 1ist directoriesy execution alrectories (those
seen by the user), bounca component airectoriesy info directories,
include girectoriesy esaee

Even more of a problem than the ever proliferating number of

logical libraries 1Is the mapping of these logical entities onto
the physical directorlies of the Multics Storage System. Aga to
these the di fferent naming conventions used in aifferent

librarjesy, the giffering search procedures, the restrictions on
the types of entries oplaced In libraries, etc and you have an
almost unmanageable set of rufes for maintaining ana accessing

entries in the libraries. Inplementing reasonably efficient
search procedures which can treat all of the libraries in a
fairly Jdniform manner is an extremely difficult taska.
Implementing such procedures in gagch of the many lipbrary

maintenance tools woulo be impossibie.

The evidence in the paragraph above led directly to ths
conclusions? that the fibrarles must have tha simplest
organization possibile while providing reasonable storage and
access efficiency, that alil |ibraries should have the same
organizations it possibles and that the procesures for
maintaining and accessing entries in the libraries should be



MULTICS TECHNICAL BULLETIN MTB=- 134

common to all iibrary maintenance tools,y and shoulad pbe centrally
tocatead in a single external moaule which can be easily modifiea.

Acting on these conclusionsy in 1971 we began the process of
reorganizing the lioraries, starting with the Online Libraries
(the targest)., The new library organization was chosen for 1Its
efficient storage of entriesy its ease anag efficiency ot access
to entries, and its simplicity. (2)

It is our goal {(though a distant one) to promuigate this new
organization throughout 3il of the Multics System Librarjiese. The

biggast barrjer to & wuniform Ilibrary organization are the
Harccore ana Salvager Librarlesy which are currently organizea in
a manner to optimize the installation of large groups of

modificarions {(rem systems) at one timey rather than to promote
ease ana efficiency of access to entries ana simplicity of
orgsnizatione.

Thuss there are currentiy two different organizations usead in the
Multics sSystem Livorariesy, and we are likely to retain these two
organizations for the foreseeable future.

Centralizipg Library Qrgapnization Information

Having cuecicgea to centralize the knowleuge of tibrary
organization intfo a3 single moduley we first had to decide what
Knowl edge was needede. The 1ist below outlinas +the information
whicn is currently being storecs or is known to be needea In the
near future for bproposed extensions to iibrary maintenance
COMM3INdSe.

A. the logical structure of the jibraries, incluaing
library names, directory names, ana the relationship
between the varjious directorjies of a given library.

Be the mapping of this logical structure onto the physical
directories of the Multics Storage System.

C. the conventions for separating the varlous types of
library «entries among the directories of a given
library (€eQay source segments 3o in the source

girectory, info segments go in the info airectory of a
library, etc).

De the conventions for storing the wvarious types of
library entries in the library airectories, and for
naming those stored entries (2.9.9 the source for bound
segments is stored in a8 source archlvey, the archive is
namea bounu_Sseg_name_<S.archive, anu has adaitionat

—— e e e it . e = e o S o e A = - i . A e e e S WA ——— ———

{(2) The naw Jibrary organization ls described in MS8-87, “Plan
for Multics System Library Conversion anag for Shifting Library
Maintenance to the 618(".
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names for each of the source components it contains}).

E. the conventions for accessing library entries in
fibraries with differing organizationse.

Fo the attributes of new entries placea in a4 library
{eeges ACLy ring brackets, AIM controls, etc).

G the type of intormation which should be raturned, by

uefaulty, for the entrlies of various libraries (e«ge.ey in
the Online Librariesy ring brackets are important;
they are not in the Hardcore Llbraries).

He the conventions for modifylng ana aeleting library
entries as part of the normal installation process.

The next step was to deciue in what form to store this highly
variaa set of Information. While some of the information is
simple in nature and can easlly be tabularized In some data
structure, much of the information is too complex to be described
by any data base generation languagey, or even to be stored in a
general data base structure. Therefore, the information was
split into two parts: that which coula be tabularized in a aqata
base; and that which had to be encoded into a programe. A new
data base and program were then created, along wWwith a simple
compiter for +the aata base. The data base Is known as the
{iorary descriptor, and the program is called the library search
programs

The Library Qescriptor

Currently, the |ibrary descriptor contains?

1. a definition of the roots of the {ilbrary, the parts of
the library which remain constant across modifications
made to the library, and from which a searcnh can pegin
for library entries.

2 the names by which each library root can be referenceaq.

3 the retationship between a tibra~y and its
sub-librarles, as expressed by common name components
{eegey the libraries stancard.sourcey standard.oblect,
and standard.lists share a name component, and are
therefore related; similarly, standard.source,
unbunc leg.source, tools.source, anug adth_maint.source
share a name component and are relatea).

b o the path name of the physicail directory (3) which 1is
the realization of the logical tibrary root in the
Multics Storage System.

(3) An archive may also be a library root, with its components
beirg the |ljibrary enftries. For exazmple, the bind_maps.archive of
the Harucore anu Salvager | ibraries is a library root which
contains, as archive components, the bind listings for the
Hardcore Library bound segments.
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5. an entry variable which aefines the entry point in tha
library search program to be called to sasrch tor
enfries In the {ibrary root.

Future plans call for associating the following adaitional
intormation with each library rooft:

b the ACL, ring brackets, and AIM controls which are use-
by default when installing new entries in the library
root.

7. & list of suffixes which define, through naming
conventions, the types of entries which may be
instatlec in the liobrary root (2.9gey a source liorary

root can contain only **.s.archive, *sDlly *.alm,
*.fortran, ’ODCD" 4'9C1 wes)e

8. ar entry varjiable which ceflnes the entry point in 2
fibrary instaliation program to be ¢allad to install an
entry in tThe library root.

In accition, the tibrary descriptor aetfines the default liorary
nNames anc search names which are to be usea with each of the
library maintenance commangdsSe. These g¢efault values must be
specifiec in the tibrary agescriptor, because they depend upon tha
names of the 1ibraries defined in the descriptor, and on the
naming conventions use¢ for entries In the {ibrary. For each
library maintenance command which uses the library aescriptor,
the following information is storea:

4. a switch ingicating whether or not the command |is
supportea by the library descriptor and library search
programs

10 an array ot default library names (whicn may be empty)l.

g
ile an array of cefault search names {(names used to Ssearch
for tibrary entriess this array may also be empty).

cata base language was developed to define the contents

e
of = rary cescriptor. Definitions written in this fanguage
r
f

4  simpl
|
3~ ¢ 3 2C in liorary agescriptor source segments, which have a
neme suffix of a3 they are compiled into an ALM data segment
oy the library_ocescriptor_compitfer (tac), 3

regquztion_complter=-generatea compiler.

Al references to library descriptors are mage through 3
subroutine called tib_descriptor_, wnich is responsiple for
maintaining a constant user interfsce to the intformation across
changes in the internal structure of the wata.
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Ihe Librory Sesrc¢h Progaranm

The library search program contains one entry point for each
class ot library root. Library roots are classified accoraing to
the following criteriat

=N the kind of entries stored in the library root (€eQaey
source entries, or info entries, or executable entries,
efc).

G tha type of entries stored In the tibrary root (€eQay
linksys segments, Qlrectoriesy archivess, MSFs3).

Co the naming convention used in the library root, and the
associated procedure for searching for library entriles.

e the way in which moqgitications are installed into the

root, and the mecharnism for flagging obsolete entries
awaiting aceletion.

€. the type of status information which shoulyd be returnea
by aefault for the various types of library entries in
the root.

f. the gepth In the lioprary hierarchy (of dJirectories,
archives ana MSFs) at which searching for a3 library
entry tetow the root shoutld be aiscontinued.

Fach entry point in the library search program performs the
searching functions for the various |iprary maintenance commandas
accoruing to the criteria appropriate to one tibrary root class.
The searching criteria are codea in normal PL/I coda.

The result of the search is an information tree contalaning the
status of all found library entries, plus the status of tna
Darent, grandparent, e of each found library entry uo to anid
incluycing status for the library root containing the touna entry.
The tree represents the physical (as opposed to logical) library
structure contsining the founa library entries. The status
intormation delineates each noce ot the tree as a link, segment,
Qirectory, archivey archive components MSF, or MSF component, ani
includes enough other status information to perform tha
appropriate library maintenance function on founa entries without
furtner information.

Entry points are provided in the lib_gescriptor_ subroutine to
perform the type of searching appropriate to the particular
library maintenanrce function peing performed. This malntenance

function information is passea 10 the tibrary search program,
whicn must tailor its searching criteria according to the lipbrary
maintenance function.

Gepgral Library Maintepance Ioods

By using the library cgescriptor anu library search prografis we
nave rot only centralized the library organization into 3 single
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moadules but have also enableo a sub-system maintainer to replace
tnis module wWith one gescribing his sub-system liobraries. Ha
then hss a complete set of {ibrary maintenance tools which wili
operate on his sub=-system |(ibrary in the same way as on the
Multics System Libraries. This generalization of the |library
toois beyond the Multics System Libraries is 3 pleasant slce
effect of centralizing the library-adependent information.



