MTIB-"19%

MULTICS TECHNICAL BULLETIN

TO: Distribution

FRrROM: Melanie B. Weaver

SUBJECTT Runtime Parameter Checking

NATE: Juty 11, 1974

INTRODUCTION

A falr number of buags by Multics users are caused by failure
to nass the correct number or typnes of arguments expected by t he
caltee.. This number would be greatiy reduced if the system were
to <check that the arguments matched the target's intended
parameters, To accomolish this, it is proposed that compilers
3ssociate parameter descriptors with links and that these be
compared wWith the target entry's parameter descriptors by the
l irker and the binder. Since the actual target found during
linking may ciffer each time a given link is snapped, It is
possible for an otherwise debugged procedure +to mismatch its
calls to an externsl entry;s therefore the default will be to
check all links. A command/subroutine will be provided to turn
off the checking.

This MTB presents the prooosed link changes and describes
the modiflications to system modul2es necessary to implemant the
checkinag. In order to simplify the following discussion, we
shall refer to the descriotors generated from entry and orocedure
statements, i.e. incoming, as parameter_descriptors and +to the
descriptors generated for tinks from the entry declarations, ise.

outagoing, as acsument desgrintors. Note that the actual
descriptors passed with an arument |ist will not be used, as they
will not be available at the oroposed time of checkings the

linker does not have a pointer to the argument list and there is
no Aargument list at the time of binding, Recause the descriptors
Wwill be created from declarations only, they must match =exactly,
according to languasge rules.

Parameter dascriptors are already being produced by PL/T and
fortrar and are associated with an entry*s definition. Tha
complete, though out of date, defiritijon is In s2ction 11.3 fo
t he SWG. Briefly, a definition contains flags which indicate
whether a parameter count and/or descriptor offsets are apoended
to the definition. Parameter descriptors themselves live in the
text section,
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A PPOPOSELC NFW LINK TYPEL

We will now discuss the oroposed link changes, Above all,
we would ftike to avoid an incompatible oblect segment change that
would force the linker and binder to determine whether they had
the new object secment format bDetore they <could check. The
simplest solution seems to be to have a new type of link, type 7,
which would be analogous to type L (segnamelentryname) except
that tre high order hialf of +the trap word would point to a

descriptor offset array. Currerntly only type 4 links are used
when calling entrypoints) if and when type 2 {indirect throuqgh
pointer register) links 3re used. still another analogous type

can be defined., This of course |eads to the restriction that no
type 7 link can have a4 trap before Iink, bout that does not affect
PL/T and fortran and should not inconvenience other languages,
An advantage of this sotution is that it allows one to
distinguish between links with zero arguments, which shoul d be
checked, and links with an [ndeterminate number of arguments,
iee, declared optionsl{variapie), which should not be checked, The

latter will ramain type & links, The descriptors themselves will
bhe in the text section as unique constants the way other
descriptors are now. ITn many cases they will have been used in

setting up the argumant lists, The proposed declaration for the
structure pointed to by the trap word is as follows!
declare 1 link_crarameters based aligned,
2 n_args fixed bin,
2 array (7 referi{n_aras)) alianed,
2 nwords bit(18) unaligned,
3 otfset pbit{18) unaligned;

1) n_arns is the number ot arguments to be passed.
?) nwords is the number of words occupied by the descrintor,
3) offset is the offset of tre descriptor in the text section,

The nweoras field exists pecause array and structure descriptors
are several words long, It enavples two decscriptors to be
compared without having to interpret the descriptors themselves
to determine lengths,

LINKFER CHECKTNG

Now we will describe the gereral checks to be made and how
they will affact the user iInterface. Comparisons <¢an be made
only it there are botnh outgoing and incoming descriptors; thus no
checks will pbe made when there is not a type 7 link or parameter
descrintors for the entry. When a type 7 tink is encountered,
the two parameter counts are compared, if they exist, If that
succeedsy and the entry has wvalid parameter descriptors, the
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descrirtors are cumpared one Dy ore with 3 character striny
template, If the parameter count is the only valid information,
the checking will stoo after that,

The linker willy, in addition, use the switch
pdsicheck_descriptors to determine whether or not it should
check, It i3s3 vovroposed that the default for this switcn be on,
Keeping in mind that [t affects only procedures compiled with the
new link type and thus will have no  immediate effact. In any
Case, there will b2 commands to turn the switch on and off:
oarameter_check_on (pcn) and oparameter_check_off {pcf), There
will also be the command skip_parameter_check (spc) to disaple
checkirg only for the next link that would otherwise bhe checked,
This will utitize the switch pndsftemp_check_descriptors, which
will be off only between the time the command Is Invoked and the
time the next link tn re checked is encountered,. If any part of
the parameter check failsy, the linker will signal linkage_error
with the na2w code error_tacle_fmismatched_params *Sunplied
parameters do not match target parameters.™). If the user
wishes, he can type “parameter_check_off" or
“"skip_parameter_check"™ and then "start* to continue, The
system®s default conditior handler will not say which parameter
was in arror, '

PFRFORMANCE ESTTMATE

pading these checks will degrage parformance, but only
sltiahtly, A rough calculation was made to determine the extra
percentage of CPU time that would ke taken up. A version of
tink_snap with the checks was coded and compiled with the EIS
compiler, Assuming a worst case where alli the metered links
(types 3, L and  B) become tyne 7 tinks with 3 argquments, the
added code is about 25% of the current |ink_snap code, According

to a3 recent run of system_ltink_meters, link_snap itself takes
less than 10% of total linking time, and the linker takes
approximately 1 % of total CPU time (usually much less), Thus

the checks would a3dd at most about . '25% to CPU time sgent
tinkincgc. This nercentage may incresse sligntly when the rest of
the hardcore segments invotved are converted to £©IS5. This
estimate does not Include any extra page faults taken on the
descriptors themselves., The descriptor pointer arrays are in the
definition section< and probably on the same pages as the link
and definition information wused by the tinker anywav. The
argument descriptors may have been referenced when the argument
1ist was set up Just prior to invoklng fthe linker and so may
still be Iin core, aepending on how much room the segment search,
| inkage section management, etc. took, The parameter descriptors
wil!l be referenced by the target®'s enfry seauence within a3 few
instructions and so need to.be In core anyway. Thus it does not
appear that parameter checking will be too costiy.
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3INIJER CHECKING

Tre binder will al-o check parameters by default] however |t
will never consider A mismatch to be a fatal error. The function
of the checking will merely be te oprint any resultiny error

messiages, It i= proposed to check only on a global scale, Wwith a
-no_check (=nck) contral argument to inhibit it; thus there is no
need for any pincdfile changes. When checkina, there are two
tvypes of situations that would produce mess3ages. One is when the
binder is prelinking to another component and the descriptors or
numher of parameters do not match., The messages in this case
will bet

Ircorrect arqument types passed from caller to caliee,

Wrong number of arguments passed from caller to callee,
The other situation is when the pbinder s regenerating external
links and encounters two or more links to the same target but

with different parameter descriptors. This difference is not
enough tc justify generating sevarate links, 3although ro one set
of parameter descrintors can be used for all references, S0 the
message will be?

Multipnle links to target have differently declared
argument lists.

No parameter descriptors will be used.
Only one such messace will be printed per target, These messages
will result <otely from comparisons of type 7 links, If all type
7 links. to a target match, but there are also some type 4 links
to the s3ame target, the ccmmon link will be type 4 and no message
will be printed for that case,

NTHER SYSTEM COMPONENTS AFFCCTED

Introducing the new |link type will affect other parts of the
system as well, The fortran and PL/T compilers must be changed
to produce it, basic and alm will not be af fected at present;
basic does its own nonstandard argument checking and alm has no
syntax for specifying parameter types, elthar incoming or
outgoing. This means that links to gates, which are in alm, will
not be checked., Hopefully sometime in the future appropriate
pseudo ops can be defined for alm enabling descriptors to be
generated for entries and links, Both the prelinking opnart of
system initialization and the MST checker must know about the new
Iink type. It would be useful for the checker to compare
descriptors alsoy but this is not planned for the near future,

If gates are ever checked, there (s a potential problem that
will arise If the linker is moved to the user ring {in that the
parameter descriptors are stored in the text section. No
solution is being proposed hrere,
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