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Fred Swartz•s atility to co~e Uf with incredibly iifficult tyfe
representation rrctlems has t~en invaluable in th~ nevelofrrent of 
this faFer. lhanks Fred. 

During the course cf my ;layful roafs .ith Pasc~J, ?ILlS, lnd 
FORTFAN, I have noticed an i~terestinq phenomenon. There seerr tote 
a fair numter of bugs that are caused by si~Fly not r.alling a 
routine correctly. It wants a hal!~crd, dnd I want to shove a 
fullword down it's threat. or I fcrsot tc give it that last 
parameter that causes the framrnis to do what it is supposed to. 

when I ~orked as a counsellor, cue of the nest ccumcn (and extrewely 
hard to find) tugs that people could bring us WP.re those involving 
mismatched ccmmoD tlocks. One bas to sit dcwn with a large piece of 
code, find all cf the same-named common clocks, and make sure that 
the typeE cf all the identifiers match. This is not easy in itself, 
but it is made rrcre difficult because some people de not use the 
same ideutifier Da~es in similar declaraticns. 

~hen I worked in ccFTBAN, I had type-mismatch problems all the tiKe. 
Recently, I have been doing al~ost all of my wcrk in Pascal and 
FLUS. Many of the fC0tle~s that once plagued me ~ere diminished ty 
an order of magnitude. Cne cf the reasons is that beth Pascal and 
PLUS require that the fatameters of routines match in type (as long 
as theJ are co~Filed together). 

Bowever, I still run into a few problems, especially vhen I am using 
separately co~piled routines. I change the definition fer cne 
routiDe er I add a field to a shared structure, and forget to 
recompile a routine that uses it. When a bug afFears, it is not 
always clear what caused the error to occur. 

!he StcnyErcok Pascal compiler selves this Ftoblem ty having its cwn 
linkeditor (if you want to use it) that makes sure that all types 
match. That•s CK, but it creates another Froblerr, because you have 
to run everythir.g through the link~ditor all the time. There is no 
StonyEroo~-eguivalent of *CBJUTIL, .so one loses sc~e convenience. 
And anyway, it dcesn•t work fer PLUS or FCF1EAN. 

The goal of this paper is to exflore the possibilities cf tyFe
checking using U~lCAD, the ~TS loader. In this paper, a sirrple TYP 
record format is siven first. Its ca~abilities and limitations are 
discussed. Later, a more complex and general-purpose TYP record 
format is described. Exa~Fles are given fer the reFre~entation cf 
type-restrictions aith this for~at. 

In both instances, loader-alqorithus are qiven in a Pascal/AlGC16P 
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hybri1 ~seudo-co~e. !hey are not ne~essarily complete, tut they 
give scroe fl~vor of the typc-checki~g Cferaticns. The algcrith~s 
are not a re1uirerrent for the understanding of the operation of 
these records. The reaJer is encouraged to skirr therr and later, i~ 
rl~sir~d, steF through them with some oi the examples. 

In this paper, you will note t~at an atteropt is ~ade tc avoid 
requiring the leader to know anything about types t~at can te useri 
by sp~cific compilers. Io f~ct, nPither cf the rrorlels require the 
loader to know ~nything ahout typ~-restriction. Both rroJels can te 
tbcuqht of as simfl~ sets cf generalized ccmfaciscn rules. The 'Wm2 
second format is just a set of slightly more sophistic~ted 
comparison rules th~t is the first. 

The reason that a rrodel ~as not considered that required the loader 
to have compiler-specific information, is that it wculrl increase the 
complexity at the ccd~ reguired to process the information. And, as 
you will soon sae, it is net necessary atyway. 

There is an inherent limitation with both of the models t~at will be 
discussed. Neither were developed witt the idea cf chEc~ing tyfeS 
tetween routines that come from Jifferent compil~rs. Using some 
standard type-restriction reoresentatiou ~ould merely limit the 
amount of tyf€-checking that could t~ done for strongly-typed 
lanJuages (such as Pascal or PlUS) tc the amount cf tvpe-checking 
that can be dcne for a relatively ~eakly-typed language {such as 
FCBTEAN). 

lhat is not to s~y th5t some standard type-restriction format cannot 
be used with the records given; however, if this is done it is 
recommended that compiler-specific type records te produced, tea. 
It will te obvious how that can be accomplished frcre reading the 
descriptions. 

Another thing that I woul~ like tc fOint out is that I recently 
talked to ~lan Ballard about various other ideas atout the loader 
and he mentioned a long-standinq problem "ith the leader, which is 
that it can onlv handle a rraximum of 8 characters in an external 
symbol. ie have talked abcut a numter of soluTior.s to tr.at froblem, 
but I did not take them into consideration when writing this paper. 
lhus, the first ~~TCH fi€lds in toth TYP fcrrrats can cnly 
accommodate 16 characters. If this is ever irrpleroented, it should 
take a more modern format than the one given ty handling long JP'I.£1:! 
fields. 
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1 1 I 2 - 4 I 5- 1 0 I 11- 1 2 I 1 3- 1 4 I 1 5- 1 o I 17 - 3 2 33 I ______ .J 

I 
I +- ~]1CH2. 
I 
I + - .:l~lf.!Ll • 
I 
I +- ESD 1~!]11£1ER of the CSECT 
I that tyfe rrismatches arE ta ~e 
I associated with if they occur. 
I 
J •- glan!• 
I 
I +- ]~~£fil: of t.ytes of match fields 
I (~ATCP.1 Flus ~ATCH2). 
I 
• - lll2.!!l • 

+- 11.I-

♦- Not used. 

The CFeration cf the loader with resFect to this record is as 
folloa!':: 

if CPT TYPECHEC~=CN 
then 
I S€arcb list fer a 1YF record with a l~TC]J field 
I ~atching this one. 
I If one exists 
I then 
I I LEN:= rrinimum of the lengths of the two records. 
I J Compare the two records with a length of LFN. 
I I If they are not the same· 
I I then 
I I l Spit cut a warning message 
I I f i 
I I If the length of the record we just read i!': greatF.r than 
I I the or.e we found 
I I then 
I I I Jur.k th<? one we found. 
I I I Feplace it with the one ~e just read. 
I l f i 
I else 
I I Add this record ta our TYF recoro list. 
I fi 
fi 
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en the coropiler sine of this, the j11fBj field would r,rcbably be 
contain the name of the routine or coromon ::irea (t:!king a tytes), a 
ccdP. name for the compiler (taldnq ij bytes) such as "PASU" for the 
UBC/Pascal ccnFiler), and a 4 byte field that car: be usea for 
anything by the compiler (like a seguence numter for type 
descriftions that require more t~an cne record). 

'Ihe J'.~1.£H2 fiela would contain type descriptions of ruameters or 
elemPnts of a comrncn area in any format the ccmfiler ~ishPS tc use. 
If a fixed nurrter of Farameters is required, tbe first thing tc he 
included in the ~~'!CH2 field cculJ be the count of the nuroter of 
farameters. 1be--type-descriptions of each of the fararreters would 
follow. 

Fy definition, in PCRTRA~ cne is allowed to "extend" ccr~ON areas. 
So, fer example, the following is legal: 

SCl:RCU'IINE A 
CC!MCN/FIAH/1,J,K,A 
IN'IEGEH 1(10),Jl4},K 
HAI A 

SUERCU'IINE !' 
CC~MCK;BLAH/I,J,K,A,V,F 
B'I.EGH I (10) ,J 14) ,K,F (3} 
EEAl A,V{3) 

It is r-ossitl£ tc properly cheer. for legal FOR~F,f co~~c~ .ith this 
model. Since the leader cnly compares the mini~u~ of the lEngtbs of 
the two records, the compiler can SFit out TYP reccrds associated 
with "ElRH" that will match, froro sutrcutines A and E. 

Since the oumter of parameters for "standard Pascal" frocedures is 
fixed and the language is relatively stronyly-typed, this model 
covers the type checkinq that needs to te done tetween two 
separately-comfiled "standard Pascal" routines. I telieve that the 
same thing goes for AlGOlW and AlGCL60. However, in PIU~, Pl/I, 
FOR!RAN, MDSI Pascal, ar.d GOM there are a numbeL of protle~s with 
it. 

'Ihere are also SFecial problems with AlGCI68 and ACA (why not leak 
ahead}. P.owever, rrodular co~pilation of true AIGOI68 and ~DA 
procedures is nearly impossible with the current load€r, ~ecause of 
strict definitior.s and the atility tc cverlcad frocedures in ccth 
languages. Mayte I shouldn't have mentioned there, because I'm 
certainly not going to talk about the~. 

a. In PLUS and GCP. (~nd FCF.TEAN if you don•t want to adhere to the 
standard), a procedure can have a varyir.g nu!l'ber of Fara meters. 
If no "nuGber cf para~eters" field is ~ut in the ~ATCil2 field, 
a frocedure can be callea with fewer than thP minimum-r.umter of 
fara~eters reguired ty the frocedure; tut, if a "nurober of 
~arameters" field is included in th€ record, th€ prcceaure 
cannot have a varying numt€r of Faran€ters. 

lSS 1274-



l::. 

In PLOS, cne ~ould require that tLe frocedure declarations 
~atch exactly, but that ~ould gEaL tLat a callinq frocedure 
would have ta contain declarations for Oftional Farameters for 
the called frocedure whether th~y w€r~ used er not. 

In FORTEAN and GO~, cne can effectively slice an array ty 
calling a routine with an array element not at the lo~er-tound. 
Also, the routine it is calling can slice the array ty simfly 
dimensioning it to ce smaller than tb€ fassed array or array
.slice. Not only is this I•ossi.ble ta do, rut ! tE'lieve it is 
also legal as far as the FORTRAN a~tir:ition gc€~. GC~, of 
course, is thoroughly ad hoc. I think the rule is: Anything 
you can do in the language is l~gal. 

1herefore, ~ith this model, the only fractical thing that you 
can do with this is to sim~ly check to see if the tase tyr-es 
$atch en frccedure call~. 

c. In FlTIS, a frocedur~ can have a rarameter witt the tyfe 
"Fainter to unknownr. Internally to the procedure proper, that 
farameter may he represented as a ''Fainter tc <sc~ething>". 
'Ibis model can handle that situation adequately ty having cne 
1YP record produced fer parameter. Then thE frocedur.e that had 
a para~eter "pointer to unknown" would produce a short TYP 
reco.::d. 

The same scrt cf solution applies to FCETEAN string constants, 
which can be coerced into any type over a frccedure call. like 
the ••pointer to unkncwn" solution, this would require one 
record per parameter; hut unlike the frevicus situation, the 
record corcesfonding tc the parameter from the calling rcutine 
would simply net be produced. Thus there wculd be nothing for 
the called procedure's parameter record to match against, and 
the type-checking operaticn would succeed. 

a. Actually, I lied aoout FOFTEAN CO~MCN, before. Frob~hly the 
most prevalent CCMMCN extensions are those li~e the exa~fle 
given above; however, an extension can also be of the following 
fcrm: 

SOER001INE A ••• 
CCMMON/flAH/I,J 
IN'!EGEE I(10),J(4) 

SOERCOTJNE 8 ••• 
COMMON/HAH/1,J 
IN'IEGER I(10),J(11) 

IYP records of this ~odel cannot r-ractically handle this 
sitbaticn. ~e arc thus left with a sit~ation sitilac to that 
described in "t" acove. Like the only reasonntle solution for 
"t", we are limited to checking fer base tyfe compatibility 
only. So this model is becoming less and less helpful all the 
time. Bestricting tyFe-checking to base-type cc~ratibility for 
CCMMONs, will only deter~ine error conditions in a few of the 
rossible cases. · -155 1275 
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r----r- --r-- -.---~- ---, 
J 1 12-tq5-617-P.19-10111-12J13-1tq15-1nl 17-32 J.:3-341 ..:5 I 
...__......_ _ _... _____ .,__.J.- __ ,L..... __ ~---L---~----..r..---__.- _____ J 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I l 
I I 
) I 
I I 
j I 
J I 

I 
I 
1 
l 
+-

+- lYP. 

+- Not used. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 

I 
I +- TYP .ll11 
I (see below) 
I 
I +- Segu~nce nu~=er 
\ 
I +- MA'I:CH. 

I 
+- !SD IC~~TIJI~R of tho CSECT 

that tvne misroatch~s are to be 
associ~~ed ~ith if they occur. 

+- Elank. 

+-]~~£~£of bytes of roa~ch fields 
(]l 1 C E F 1 us 1 Y P r; ,\ 'l'. 1 ) • 

+- Blank. 

Kind-of-rP.COLd field. 
CF=refining rec~ra:- The data items in this record 

are t~ be compared .ith correspondi~g data items 
in the apFropriate "inguiring records". There 
may be only one "defininq reccrd" with a given 
]i1fli field and sequence number. 

1c~1nquiring recor1. 1be data items in this r~ccrd 
are tote co~pared with corresfonding data items 
in the afprofriate "defining record". There ~ay 
te several inquiring reccrds .ith sirrilar 
ll1£!! fields and sequence numters. 

FA=Free-for-all record. The data ite~s in this 
record are co be compared with corresponding data 
items in other free-for-all records ~ith the same 
!ATf] fields and sequence numbers. 

Se3_!!f..!!£~ ~~ll,g~ !bese start at 1 and are incre~ented by cne for 
each suhseguent record in the seguence. A seguenc€ n~mher at zero 
indicates the end cf the sequence.· This allo,1s t)pP definitions 
that are longer than one record. TY~ data ite~s rray be fhysically 
~~lit over more than one !YP recorJ. 
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I 1-4 I 5 I .._ __ ..____.J 

+- Il2.9 1i£11--(EP.NNICCC) 

E=exista11cc flag 
O=this element shculd be considered ~issing. No ether 

flag tits are significant. 
1=this element e~ists. ether tits in this field are 

significant. 

£;]£.9]1!~;-ta-exist !lclg 
O=if thE !YP data item being corrpared ta this one is 

missir.g, the confarisan will succe€d regardless of 
other tit settings. · 

1=i£ the 1YP data item being cc~rared to this one is 
missir.g the ccrnfarisor. ~ill fail, r8gardless cf 
ether tit settings. 

NN=reserved for future ~~~~f~dQ! 

L=Jast-field-reguired fielQ 
O=If the data iten being ccmpare<l to this one is the 

last item in the sequence of nata items on that 
reccrd, the comfarison succeeds, regardless of ether 
bit settings. 

1=last data items being ccmfared to this iter are 
treated the same as norreal 1ata items. 

CCC-=Ccm.£2ri~on 1lild. 
fields ccrresponding to this cne en apFrofriate records 
will succeed if they are: 

111=anything 
OOO=comparison fail~ 
100-=greater than 
OlO=less than 
COl=egual to 
lOl=g.t. or equal 
011=1.t. or equal 
110=not equal tc 

this or.:. 

+- ComEarand fiela. 1his field is considered to be an 
~~~i.9J!ed fullword integer. Compacisons are ~ade ~ith other 
ccmparand fields that positionally ccrresfond with this cne 
and that fulfill the reauicements of the "kind-cf-cecord" 
fiEc!ld. Bits in the "flag" field of this data item d2fi11e 
the use of this field. 

p 

1S5 1277 



11.f f.§.f_qfQ orocesshg algorithrr: 

if rFl lYPECf.ECK=CN 

·= then 
I if 
i 

(Segu~B~£]~mhef ~ 0) 
then 

I I if (SeguenceNumter - 1 = LastSequence~umrf't) 
I I then 
I I I ftint an error message; 
I I 1 IastSequence~uatPr := SeaueuceNumter; 
I I I exit this mess (I rton•t hav~ indent rccir) 
I I fi 
I else 
I I if ~.§~]£.!!£~her= 1 
1 I thE!" 
I I t CurrentKindCfEecord := KindCfFecord: 
l I else 
I t I if KindOfRecord = CurrentKindCfBecord 
I I I then 
I I I I ftint error ~essage; 
I 2 I I exit 
I I I f i 
I I fi 
I fi 
I if lastSe~uence•umber = 0 (i.e. this is the startina record) 
I tllen 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
l 
1 
I 
I 
I 

I set up a 
I put this 
else 

node for this TYP descriftioc. 
r.ode at the teginning. 

I append the contents cf this record to the 
l node we are currently working with. 
fi 

if SeguenceNurrber = 0 
then 

end cf the 

scan our list of infor.mation (Infolist) fat: the info 
corresponding tc the current 1ATCH field. 
Call it Matcblnfo. 

case KinnCfRecord cf 
tF: 
I case (KindOfEecord of Matchir:io) of 

OF: r= 
I if Matchlnfo a:11!1 lhisEeccrd 
l then 
I I print error message 
I I exit. 
I fi 
FA: 
; p~int error message 
I exit 
lC: 

9 

I Ferform co~farisons of this record ~ith Matchinfo 

I 
I 
! 

I I 
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I see algorithm telow. 
I Eemove Matchinfo from Infolist 
l Insert the infor~aticn on the current DF reccrd 
I onto Infolist 
€sac 
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I IC: 
I I case ("Kind" of ~atc::hinfo) of 
I I FA: 
I I I print er-roe rressage 
I I I Exit 
I I CF: 
I I I ferfocm corrpacisons of this record with Natchinfo 
I I I see alqorittm helc~. 
I I !C: 
I I I ~erge infor~ation on this iterr with information 
I I I on ratchinfo. see algorith~ ·telow. 
I • i Remove ~atcbinfo fcorr Ir.fcList · 
I I I Insert the merged information onto the InfoList. 
I I esac 
I H: 
I I if "KiLd 11 of ~atchinto is IC er DF 
I I ther 
I I I print error message 
I l I e)(it 
I I ti 
I I fecform comfarisons of this record with Matchinfo 
I I see algorithrr telow. 
I I if this record is longer than r.atchinfo 
I I then 
I I l 5emove Matchinfo from Jnfolist 
I I I I Insert the current reccrd cntc the InfoList 
I I I f i 
J I esac 
l f i 
fi 
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for J 
frcn: 1 
to 
I :'!AX ( (lastDataltem of Matchlnfo), 
I (LastDataitem of CurrentRe~o~d) 
do 

if fExistenceFieH. oi ~atchinfo(I))-= J 
then 
I MergPinfo (I) := CurrentR€cord (1) ('-ith some twiddiinq) 
else 

if (ExistenceField of CurrentFecord(I)) = 0 
then 
I Mergeinfo(I) := Matchinfo(I) 
else 
I (LastFieldReguired of Mergelnfo(I)) :-= 
I (lastFieldP.equired of r.atchlnfo (I)) credwith 
I nastP'ielnReCjuired of :::urrentBecora (I)) ; 
I Determine a lower and UFfer-bcund fer ~ergcinfo ••• 
I casically, this takes the CcmparisonField of 
I the two items and determines the cange cf ·values 
I that would be acceptable on a comparison. ~ate 

I that it is fOssicl9 to have the lcwer bcund te 
I greater than the upper-bound. ihen thi~ is the 
I cas~, the only _itecs that can ccmpare successfully 
I with this item are those that are last items 
I lif lastfieldRegairF.d -= 0) er ncn-existent items 
I (if Required1oExist = 0). 
I if {UpperEound < LowerEound) 
I and (LastFieldEequi.reri = 1) 
I ar a (RequiredToExist = 1) 
I then 
I I print error message (there is nc way anything can 
I I match if this ha FPe D~) 
I I I exit 
I I fi 
I I i 
I fi 
ad 
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Co irp, risor, a 1 g Q£ .. H..h.!!: 

for 1 
fI:oc 1 
to 
I (lastDataiten of Matchlnfo) 
do 

(Currt:-ntr.ccord (I) doe.sn 't compax:e 1,;i th Match Info (I)) I H 
I 
I 
l 
I 

or (~atchlnfo (I) doe.sn't ccrnpare with Currer.tRecord (I)) 
(I air hoping that ycu can fiqure out hdw to do this 
the forirat of the nata ,iten.s and -t:he uescriftion of 
~er1ing alqorithn) 

I 
I 
I 
I 
ad 

fer I 
frca: 

then 
I i:rint 
l exit. 
fi 

errcr message. 

l (lastDat'!lten cf 1'1atchinfo) + 1 
to 
I {lastnataltE:n cf CurrentEecord) 
do 
I 
I 
I 
I 
I 
I 
ad 

if ((Existe~ceField of CurrP~tHecord(!}) = 1) 
and ( (RequiredToExistField of Cu.rrentReccrd (I) = 1) 

tbt=D 
I print error message 
I exit 
fi 
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I may be deceiving u:yself • but I believe th,:it the problems inhP.rc11t 
i_n the.• 1:.2!'.!!!! 1 model are resolved by the Forirat 11 mcdel. A cicou 
way to find cu~ is to simFlY take some sa~~l~ constructz in various 
languages and sho~ some 'IYP reccrds that reprcs~nt th~ ty~~-
restrictions fer them. F.ere we go ••• 

SOBROt'IINE ALPHl(I,~) 
IN'IEGEF I 
HAL J p_Ol 

I I , 

·, ·rutcH I KI}ID I. GCMPl.EAND I E I R I L I CCC I t----------~---+ f--'-',-=-----· ---------+-+-+---+---~ 
·1 .. AfPHA •• ~-FtN:.0C0C I C.P I 1 :(procedu:r:e) I 1 I 1 I 1 I = I 
---------...,,.....-=---,._---4---'----------+--+---+--+--_.... 

··· - -·· · 2· · (t pa·.:r:al!leters) I 1 I 1 1 1 I = I 
--.------+--'· -;........· .;..· ----·---------+--t---+---f---~ 

J ALPHA ••• FTN.0001_,I· -OF I 1 ·(I.ntege-r) I 1 I 1 I 1 I = I 
•----------+ +--· +---+---+- ' ... 
) ALPEA ••• F'IS.ll00~ I D!1 I :2 (Real) I 1 I 1 I 1 I = I 

---- _.,.._ ._,.,..,...._._ _ __,.,~+-,· ---------+-+---+--+---~ 
1·1-0 (lf of elettents) I 1 I 1 I 1 I>= I 

. - .... -.. . : ; 
'---------------'---.____.. _ __. ___ .J 

• • Now let§ .J.o_o.k... at scll!ething that•-vil+ attemr:t to match this calling 
·sequence: . 

l~'I'EG'ER R 
HU 2 (12) 
CAIL ALFHA(B,1(3)) 

r----,--------.-----------------------,.---.----, 
. , AlPHA'"!!"J..F'lN.0000-1-· -IQ.:.:J.·, {li1:o¢eifo:r:e5 I 1 I 1 1 1 I = I .. . ... . .. .. . -+---' __ . ----- -+---!---+- I f 

---······ -: ... 1·2~-,t-·6f-pars) 1111111 = I 
r-~------------+----------

" 1 AlfHA ••• f'TN.OC01---1· IC-·-, 1:.-tnteqer) .. -... .. . . ... - .... - -+---+- ·. 
I AlPHl.~.F't~---0001--1- IQ. 1-2.-:(RecflY' 

,- ---~ - .. 

.. ' - . 

.. -- ~ --· 

I I +---+-~ 
1111111-= I 
4---+--+----➔ 
I 1 I 1 I 1 I = I 
-f---+---4---+----I 
I 1 I O I 1 I <= I 

· ·-·_nt~1ft,in9 to load these two= programs together will fail, l::ecause 
'the i te.1L _ _2_• s_ 1-o.f .. the· ·Ai.PEA.~ ;F'TN·. 0002 records de net com i:a re 

: ··· ·~tprof'i:ia~ely •. N€Je. that -• if Z (2) were specified in the calling 
progra~ ~~4t~~d_oL2{3)~-tbe~load~bg would succeed (as it should) 

·t~~iiise the t~o comparands would co~pare favcrably. If, instead, 
the., ~EAL. J. had · 12ot l:een dittensioned; in ro·u tine Al PIH, the loading 
w~uld ;again· succeed, ,because the last HPHA ••• F'IN.0002 (IQ) data 

. item ~t._eci_f.l;~S, thcr.t- .the .:corresponding · rF data item does not have to 
·exist. · 
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Now, lets try ancther hard prnble11: (FCFTFAN 'is !:nch a rain 
socetimes). This time, we will attempt to have CC~MC~~ match that 
havf' last-elerrents 1oith different ler,gths. llere gees · · 

cc~~CN/ElAH/I,J,P 
FEAI J,K (~) . 
H!HGEE 1 (3) 

---.--,- ,---, 
""A'ICH I KI? 1D I CCrFJI.FAND I ~ 1 P. I L I CCC I. 
-----➔ .-t-:- ~---------'---t--1--- ➔--t----1 

I EUh •••• f'B.CJCO I FA I 2 - (CcIrnon) I 1 I 1 I 1 i, = I 
,._ ________ __.,_ ___ +----=-----_..;.-__...;_;_-+-- ➔.:...-+-. +---1 

co~~CN/EIAH/A,E,C 
IN'IEGER A (3) 
FEAI E,C (10) 

I . 1 (Integer) . I' 1 I 1 I 1 I = I 
, _________ .;__ .. _1---f--+---4----1 
I. O (array) 1 1 I O I 1 I = I 

· +=--~:+--_-➔--t--1 
I 3 (# of elements) · I 1 I O I O i: = I 

.. • -------·- -· -.,.;--+,;----¼-· --+--- +:..----1 
I 1 (Iieal) I 1 I O I 1 I = I 
1-----,---,----"'-----~+:..-· ~ I l 
I 1 (Beal) 1110111 = I 
J- -,----------+.;.---+---f--+---~ 
I O (array) 1110411 = I 
-------------t--+-:--t--+---1 

~ (# of elements) I 1 I O I O J >= I 
-----------------1----L-----~ 

---------....-----------------....-----·------, 
ElAn •••• FTN.0000 FA L 2 .Jc c mm o.n ) 1 1 · 1·· ·1 · ·1 1 l = I 

--------------➔- ' - ' ~~-+-4----l 
___ 1 .. 1 .. tJ:nteger) 1-1-1··1·1-·1·( = I 

A la-s, the 
secticn en 
the t1oc 
should. 

froblern 
I.£! ro a.! .! 

routines 

. ' . ➔--+---+- . 1 
'_· I .0 (array}··. - - -l--1 .·r o· I f I = I 
~ ~+-•-•+-I i 
t_.3_.(t of elements)· - · t ··1·.c·o·· 1 0 I = I 
I ➔---t-·-· '..f-· -+·:---1 

__ J 2_ er. eal) ·: 0 -· I 1 T ·o I 1 I = l 
. -+---t---+--.----; 

i 2_ . (Rea 1) :· -- I 1 I O I 1 I = I 
,-----------+---+--+--➔- • 1 
_I .. 0 (ar_ray) I 1 l O' ·_i-_ 1 1 = I 

1J (~ of. elements) 

. ! 
r • 

-+--+----; 
I 1 ·1 ' 0. I O I . >~ I 

that we once had ,ith CO~MONj (see "d~ in the 
type checking) is-~bw iesolvea. !he loading of 
contain~pg· these canstruttt ~ill succeed, as it 
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Actually, I have :yet to find a flace: jn the "real world" that 
r·eg_yjr~l? thP. use of the "this data item Pxists•=; l:o...-<'ver, r ci'!n 
think cf some futu~e ~ossitilitiPs~ Eictur~ a li:i~guagE ~hcrF 
funl.ite PIUS and Pascal) structured tyr,""s are ccn:r;,itibl~ if all 

subfields are coJiitibl~ in tyfP tnot cece~sarily that the structure 
_ has the same_layout) and "pointer to unknown" tyres are always 

compatitle with aoy ether pointers. If you want an exercise to try 
your hilnd at. this .is·. an interesting enc. !' m net including it 
t e Ca u s E I d a n I t ·. w a n t. t C b C re y O u ' ( 0 r II: y s '= 1 f ) a n y 111 0 C e t h i'! n ! h a V e 
to. !f yo11 ·want to know. hov it would l:e dcne, I'll te happy to talk 
itout the solut~cn. · 

E~en though the "data ~tem exists" field is net ce~uired aLy~hece, 
it can be used to avoid spitting out additional TYP records {and 
~o~e of the ti~e, this saves di~k space}. 

, 

g~r.~J~.1 a i-sc_~s sic r. 

I ~eli~ve .that the se~ond model discusse4 in this ~afer tas the 
atility io ·rerfcrrr SOFhisticated type-checking fer all situaticns 
re-solva.tle at, load-time. 1f you find any holes in it, I would 
aHreciate it if ycu wo11ld let me 1-:ncw. 

It is ol::v,i..o_us hew this ccnstruct is im;:le:nented in thE loader, tut 
it would also te nice to have •~~JU1IL ~Q atle tc handle the~ in a 
sophisticated ~annec. Cne idea that immediately drops out of this 
discussion is having *CEJUTil ·OFtionally rEad TYP records and flace 
thea in the negative line Eange instea1 cf the front. During this 
operation it could· check. to see that the TYP records match 
appropriately. 1his avoids the additional ccst of having the loader 
froc~ss TYP records every·~i~e an otject file is loaded. 

In addition, it could plate all "D!" TYF recocds in the ccsitive 
line range of the otject file, so they wculd be cperaticnal lf this 
object file were later concatenated with another. "IC" TYF records 
that were not yet resolv1:d by 11DF1' records, and "PA" TYP reccrds can 
te comFacted.i~tc the roinimun reprssentation required (which is a 
maiimum of t~o TYP seq~ences for a set cf matching "IQ" reccrds and 
one TYP sequence foe a set·ot matching "FA" records) and placed in 
the fositive line ran~e, ~co. 

'!he guestion ··that I would ··i:-e ·interested in resolving is: Are othEr 
peofle interested in having the loader ~recess records of this 
oatucE? If they are, lets ~o it! ~t ~as immedidte applications to 
reducing headaches il'ssocianfd- with even that ·un-esotez:ic language, 
FOB'IB.,N. Since F.OR"'IBAN _has . ex_treu;ely heavy use at all MTS 
installations and since~ n~mbe~ ~f strcngly-tyfed languaqes are 
beginning to ~ake their way in~o ~reBl-~orld" usa9e, it would seem 
that this conc£ft could fill-a lery em~~y g~p. 
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