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Subljlect:? New Cross-Referencer

This MTB proposed a reptacement for tha currentty existing
ob)ject segment (llbrary) cross—-referencer. The cross-referencer
that exists has severa! major pgroblems and a few minor flanse In
additlony, a few deslrable features are proposed for the new pack-
aga. Sample MPM-style documentation ls attached.

PROELEMS WITH THE CURRENT CROSS-REFERENCER

The largesty, and most vislble problem wlth the current
cross-referencer |[s that It no langer wltl cross-retfterence the
entire systemy, as a result of the storage management [t performs
belng limited to a single segment worth of Interna) data.

The current cross=-referencer attempts to perform what ls
necessarjfly a two-pass operatlon (first scannling all the known
entrles and deflnitlonsy, and then assoclating Ilink references
with them) In one PassS. Thls resuits In the current
cross-referencer produclng a fair number of misinformed correla-
tlonse.

Yhe current cross-referencer Is unable to comprehend various
forms of dupllcate segment names that It may encounter Iin [ts me-
anderings. No matter how many times distinct instances of the
same module (or different modules wlth the same name) appear
among the ltems It ls searchlng, the cross-referencer wlll lump
them together as [f they were one module., Whether [t is deslr-
able or not that modules In Multlcs have totally unlque names |Is
3 moot polnts, The fact Is that they exist (e.gey tapve_checksum_
status, trace) and they must be ldentlflied correctiy.

The current cross-referencer has no conceot of how blndflles
may alter the apparent externasl avallablilty of entrypoints.
Such thlngs as Internal or or added names In critical places can
have malor consequences. ‘

One minor but ubiqul tous annoyance is that the
cross-referencer sorts |Jts cross~-reference [n REVERSE alphabet-
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lcal ordera.

Lastly, the code as [t exlsts ls not maintainable.s It wnailks
arcrives and ob}lect segments by I[tself |[Instead of wusing the
proper toolsSe. It manages lts storage as a large array ot words,
when In reallty It is a targe collectlon of variable-slized struc~-
tures. In additlon, none of the raeferences are mnemonic to 3ld
the maintalner in figuring out nhat exactiy ls represented by any
plece of data that [s belng manipulated.

DESIRABLE EEATURES

The cross-referencer should keep Information about where
each modute was located. It should use that Information to pro-
duce best-fit matches for references. The package should first
attempt to tulflltl the tink within the same bound segment (to ac-
count for purely [Internal synonyms and module names); theny, that
falling, within the same llbrary {(defined as a directory or a set
of directorles)? then, that fsilings from among the “known un-
lverse™ of modules.,

It Is necessary for the cross-referencer to report informa-
tlon such 3as wWhere a module was located (bound segment and (|-
brary). For example, It s useful to know that tnhe “create" com-
mand Is In bound_fscom?2_ In SSSe The report should afiso contaln
a COMPLETE cross=-reference of synonyms and added names. 0One
should not have to "know", for example, that get_odir_ is really
get_process_ld_B3get_pdir_ when one wants to find It In the
cross-reference.

The current cross-referencer ailows no way to cross refer-
ence an archlve or a set of segments wlthout tha user producling a
driving fjle. There should be & simpler command Interface (l.e.
spaeclflicatlon of pathnames and starnames) that would aliown this
tyoe of operation for simple sppilications. The lack ot such a
faclllty present]y dilscourages almost all users from wusling the
cross-reterencer for thelr onwn private purposes. Its Inciuslion
would make the cross-reference package a generatly-useful faclil-
Ity from the viewpolnt of sites and users.

The cross-referencer shouild alsc be able to produce include
file cross-references. All the data necessary to do this 1Is al-
ready In the oblect segment. It would be a much more fooliproof
method of oproducing ¢this Irformation than source scanning pro-
gramse In additions It can also ldent]lfy modules using potenrt]-
ally different versjions of the same include fllie.

It should be possible to speclfy to the cross-referencer
that the output produced should be limilted to only those moduies
that actuat iy participated In the cross~reference. It s wvery
often wusetul to know the [nterrelatlonship of a speciliflc set of
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modules In a subsystem (e.desy the PL/T compller) without caring
that any of them call hcs_ or com_err_y Or SO ONe

Signiticant error condlitlons encountered while performing
thre cross-reference should be sent to the user®s termlnal as wetl
as to the output flie. For exampley, the fact that someone refer-
enced a definitlon In pds$ which |s KNOWN not to exlst is impor-
tant enough to warrant immedlate notlflcation to the user per-
ferming the cross-referencee. (0f course, the user should be able
to optionally suppress these messagess)

BENEFITS

A cross-reterencer with the descrilbed properties has the
slde effect of wvalldatlng a large part of the “cleanliness™ of
tre system Jlbrarjese. It Is able to detect missing bindflles,
untrimmed archlves {archlves wlthout archive names on them, which
occur when 3 new version of an archlve with fewer names than the
orlginal [s locaded without trimmlng)s clobbered archlves or ob-
ject segments,y, acclidental duplicationsy and a few other problem
condl tions.

The ouftput of the cross-referencery, as descrilbed, glves a
very complete representatjon of the total state of the system I]-
brarles. In fact, It has been used by one customer to keep mic-
rotiche up to date, Including determining which ware obsolete and
to be dlscarded, and which had never been supplled. Operation of
the cross-raferencer on the MK4.0 system revealed about twenty
dilscrepancles In the system librarles {(mostly as shipped), many
of them malformed or damaged segmentsSe.
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Ngmet cross_reference, cret

The cross_reference command is a utitity ftor cresting a
cross~-reference 1lsting of any number of objJect programse. The
ilsting contalns Information about each ob)ect module encoun-
tered, including the location of each program, 1its entrypoints
and definltlonsy Its synonyms [f any, and which other modules en-
countered reference each entrypoint or definitione It will also
optionally supply a cross~-reference listing of include flles used
by modules encounterade.

Usaget

cross_reference ilbrary_descti ase | ibrary_descN
-control_args-

llbrary_desc} are library descripntlons ot one of the three
formss

pathl path2 e« pPathN
-l lbrary (lbrary_name pathi path2 ... pathN

-library 1lbrary_name -ali pathl path2 ... pathN
{The control argument "“=-llbrary®™ may be ab-
breviated as “"-1b".) Each path] is the path-
nase ot a segment to be examlned and
cross~-referenced, The star conventjon s
honored. The |lbrary_name, |t present, may
be any user-chosen ldentlfjier. A1l modules
represented by pathl +.. DathN will be
treated by the cross-referencer as [f they
were In a common tibrary directory of that
namea If the 1ibrary descrlption contains
the control argument "-ali"™, ail the module
names encountered wil!{ be considered external
{see the section on "™Resolving References™.)
This control argument s prov)/ded especlally
for cross-references of the Multics Hardcore
{ibrarles.

-control_args- may be one or more consjistent combinations of
the following control argumentst
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-input_file fitename

-1t tilename specitles that a control flle des-
criblng the modules to be
cross-referenced s to be used in-
stead of the arguments
| lbrary_descje It the suftix
*.crt™ Is not part of the suoplied
flienamey, It will be assumed. It
thlis control argument (s used, no
library_desc] arguments are at-
{owed.

~output_file fliename
-of tllename specifles that the cross-reference
tlst 1Is to be createa in a segment
of the specifled name. If the suf-
flx "e.crossref” |s not part of the
’- supplled filename, it will be as-
sumeds If thls control argument |s
not suppllied, but the ~-input_flle
control argument s suppliedy the
output flle will take lts name from
the input fjile, with the suffix
*“.crossret"™ replacing the sutfix
".cri™e Otherwlse, the output flile
will be named *crossref.crossref®,

-brlef, =-bt specifles that non-fatal error mes-
sages to the terminal are to be
suppressed, This control argument
does not affect the reporting of
error messages to the output fite.

-tirst specifles, when the -input_¢%tile
control argument has been giveny,
that once any Instance of 3 partic-
ular module has been {ocated, the
cross-referencer need not search
the remaining directories tor other
Instances of modules with the same

name. If this control argument |is
omitted, the cross-referencer will
~ search all tibrarjes In the search

llst for each module name supplled.
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-lnclude_flles

~-jct specitfles that include files used
by all modules examined are aliso to
be cross-referenced.

-short, =sh specifles that referenced modules
whlch are not [Includeda i1n the scope
of any library_desc) should not pe
Ilnciuded In the output,. This con-
troi argument causes the output to
reflect only the interrelatiorships
among the modules in the libraries
specl fled.

Module Examlpatlon

Module examination |s performed In two passesS. The
first pass defines all the segment names, synonyms, and deflnj-
tiorse. The second pass examlnes external references, and at-

tempts to resolve them with existing deflnitions.

Segments encountered fatl into four classes?
non~-oblect, bound segments, stand-alone modules, and archives.

When a ncn-object segment (s =2ancountered, & mwarnlng
message Is printed to that effect, and the segment Is Inrncluded in
the results of the cross_reference.

When a bound segment is encountered, a4 warning message
Is printed to that etfecty and the sec¢ment Is ignored. Bound
segments are of no use to the cross-referencer, since Ilnfcrmatlon
necessary to determline whlch components make use of which exter-
nal reference 11lnks s no longer avalitabie due to the binding
nrocesse. Insteady the object archive from which [t mwas bound
should be used.

When a stand-alone segment iIs encountered, it s ana-
lvyzed for entrypolints, definitlons, and external references. All
additlonal names on the segment are enftered as synonyms for the
module. This Informatlon Is then (ncluded In the resuilts of the
cross-referencee.

When an archlve ls encountered, each component s ana-

tyzed ftor entrypoints, deflnitlons, and external references. It
a bilndflle existsy synonyms for each component are derived from
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“synonym!*™ statements in the bindfiles when they exist. This [n-
fcrmatlon Is then lncluded [n the results of the cross-referencee.

Modules ar2 slso jidentified by the segment In which
they were found {(either themselvesy tor a stand-alone segment, or
the containing archlive, for an archlve component) and by the
library_name of the directory in which they were found. It the
dlrectory was specifled without a library_name, the patfname of
the dlrectory s used as tre llbrary_name. This makes it possi-
ble to heve multiple occurrences of segments with the Same name,
as long as they dlftar by at least one of these identlftication
crlteriae.

Besolving Retfgrences

When a module Is examined by the cross=referencer, its
name and synonyms are classlified as "Internal® or "exterral™ oDy
the toltowlng crliterjiat

1) If the module s stand-alone, [its name and synonyms are
externale.

2) It the module s archlived, and the library descriptionr
contalned the "“-all™ control! argument, (ts name and all
its synonyms &are consldered external.

3) It the module Is archived, and the library description
dld not <contain the “-all"™ control argument, Its name
and each ot its synonyms s external oniy [f |t appears
In the "Addname:™ statement of the bindflle. If no
bindfile ex{sts, the name and synonyms are conslidered
Internal.

The cross-referencer attempts to resolve external ref-
erences on a best-match basis by using the followlng criteriat

1) If the reterence may be satlsfled oy a deftinition 1in
the same module, that definltion Is used.

2) If the referenclng module [s part of 3 bound segment,

and |t may be satlsfled by a definition In the sare
bound segment, that deflnitlon ls used.
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3) If the reference may be satlsfied by a external defini-
tion In the same {library_name, that definrition ls used.

4) Otherwlses the flrst external definition encountered
whlch satlstles the reference ls used,. It more than
one such definition existsy, a warning message s prin-
tedes

tormat of a Driving Eile

It the ~lnput_flle control argument Is specifledy the
cross~-referencer takes its [nput from a special fiie.

The tlrst 1lnes of the file must contalin the names of
one or more dlrectories to be searched. They are specifled in
the followlng mannert

-library? (OR ~-{lbrary =~-afit)

pathname_1 tlbrary_name_a “N

pathname_2 fibrary_name_»b

pathname_N iibrary_name_z;3
Each pathname_Il specifles & directory to be searched. Each
{lbrary_name {(which may ccentaln spaces) i f present, will be used
to descrjibe the preceding dlrectory name, (See *“"Moaule Examina-
tlor™, apove.) The tokens *-wd" or “-worklng_directory* may be
used to represent the current working directorye. A semicolon
ends the search 1]lst.

The next information in the flle s a 1ist of the seg-
ments to be examined. They must appear one to a line.

If the user wishes to expllicitly deflne synonyms for
any modules whlch would not otherwise be generated (e.3. a
non-apparent reference name by which a segment (s sometimes ini-
tlated)y, he may Include In thls section one or more tines of the
formt

modufenzame synil SyYnNn2 .. SYniN
Ttese llnes will oot by themselves cause the cross-referencer to
search for the rmodule "mcdulename™, since [t may not be a free-
standlng segment, Any synonyms defined [n this manner are con- -~
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sldered external.

A flle may consist of several repetitions of the format
descrlbed abovej that [ses a search llsty segment names, another
search llste more segment namese eftce Hhenever a new search list
Is encountered, 1t replaces the old search llst. If a driving
file Is to be usedy the greatest effticiency can be cained by hav-
Ing 1t conslst of nmultlple occurrences ot a one-dlrectory search
Jlst followed by the segments contalned In that dlrectory.

For exampl e, a control tite constructed to
cross-reference a student subsystem might flook like the follow-
ingt

-liobrarys
>udd>Cl ass>systemdir>oblect CLASS SUBSYSTEMS

class_l ogin_resoonder.archlve
class_testse.archive
student_grades_database
audit_procadure
class_utllilties.archive
unallowed_compller_stub fortran pli
unallowed_compller_stub

Special Cases

Segments wlth unique names and segments whose last com-
ponent is a single diglt are ignoredy since these are conventjions
used by the system llbrary tools to denote segments which are to
be deleted shortive

Archlves whose names are lidentical with the exceptiaon
of 3 different numeric next-to-iast component are considered the
same archlve.

Definitlons or entrypolnts in archive components which
masquerade as seg¢ment names by the expedlent of an added name on
the bound segment, without benefit of belng defined 38s a synonym
for thelir containing componenty, Wil not be cross~-referenced sar-
lstactorily.
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Include Elles

The cross-retference llsting of include files, when re-
quested, iIs appended to the regul ar output of the
cross-referencer. Each Include flle encountered (s classified by
Its entryname and lts date/time modifled. Thlis ensures trat mod-
ules mhich use dl fferent versions of the same incluge file wil!
be apoarente.

Exarple

The following command will produce a <cross_reference
i isting of the Standard Service System in the file
"standardecrossre f*?

cref -lltrary STANDARD >idd>»sss>o0>**% -of standard

To produce a crass_reference llsting of the hardcore
llbrary, the following command may be used?

cref =-ljlbrary HARD =-all >ldd>h>0>* >jdd>n>bc>*.archive
~-of hard

{Note the use of the *“-ali" control argument.)

Qutput Exampie

Entrles In the output ]l listing are separated by dashed
lilnes. The follonring Is a3 sample entry:

............... THERE bound—x_ ln SSS ¥ RREY —-- e e E------- -
sample_segname SYNONYM?! one_syn, another_syn
one_entrypolnt program_a eprogram_b

second_entrypoint program_a program_c
unused_entrypolint
unde flned_ent (?) program_d

The entry shown [s for segment "“sample_segname™, which is a com-
ponent oY bound_x_ in the {jibrary specified as SSS. It possesses
three entrypoints:? “one_entrypaolnt™, "second_entrypaint®, and
*unused_entrypolnt*. The information shows that
“sample_segnamefone_entrypolnt™ |[s <caltied by module *“program_a”
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and modute ‘“program_b". The question mark after entrypoint
“undefined_ent™ slgnifles that thls entrypoint Is an imolicit
deftinition; that ls, that module “orogram_d* references

“sample_segnamesundefined_ent™, but that entpolnt does not actu-
ally exist. (A dlagnostic is printed when thls slituation Is en-
countered.)

All error messages produced during the run, Incituding
warning messages which may not have peen printed at the terminal
due to use ot the “-brief™ control argument, are appended to the
end of the output flle for referencee.
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