Slivetiged Poagramiming (1993 14; 136147

S liaed I-"In“unnmiﬂy_
& Springer-Yerlag 15453

The Case for Universal Symbol Files

hlichael Franz

Instiat fiir Computersysteme, ETH Zarich, CH-BE2 Alrich, Swiczeriaml

Abstract,  Maoy compilers for medolor lanprages
preserve the interface inforination  obtoined  dusing
compilation an symlsal Gilee, Ulils elinunates the nesd e
road B soarce et again wihen he interfooe of & previeasly
apmpitod mdacdule 13 dmpariied by elivnt meslodes, lustesl,
e cammpaler cewmoves the ntedfsce Dnlemmatlon from the
aymbial fibe, which ie wsually mush more efficients thon
procesglng sousss Lol

Traslitionally, the format of spiebol fales has becn tied
intimalely e ihe dneer worklngs of ihe aymboltablo
lapdler, We argoe that the precendidons urging so close 5
relationehip hetween  Lheso  imtecnal  ond  axicrnal
,|'¢Iq'¢3¢_|1l:]:|u|'|5 are na longer valid misd present severnl
iethods  far dmproviong the symbol-table enceding,
LClomhined, these methods yiell coscbve symbusl Clles i
nre i;n||1i'l|£!l’.‘l‘!|l indepersdent of the architeclure of the Ergel
machlios, We nleo suggest bow the nolion ol univercality
can be extzmbed (0 miabele keys and peesont o simpla
wersin-Elamping prodocn] based on lingerprints.

Keywordis  conpllos coistriclion, dopatate com jplsion,
mesfinle interfaces, software porlzbility, programming
bnguages, Cheson, symbal Nile

1. Introduetion

Progeamming languages such as Mesa [B), Ada |11],
Powdiadi=2 [ 131, ool Ohron [14] support the separme
compllation of program modufes (ealled packages in
Aclad, This means that the compiler performs full
consislency chocking across mandule boundiries, a5 if e
somire fexts of all maoghules Invedved inow compilation
were contalned in one large progrun Lile. Elowever,
wnbike simpler muldfbe-compilation mechanisms in
which e et of some header Gles §5 included Hierally
i e main program prior (0 compilation and the
pesulting molifile decument is considersd a single
compilation unit, sepaste compilation keeps individeal
modules distinet, As a conscgquence, cortain modifi-
cations of individend modules can be performed withaut
alfecting edher modules,

Separste compilation works by allowing a module
export some fearures that may subseguently be imported

by olher modules, Al intermodule references e
catnllishesd by such impordexpen reldicaships, which
ang pesolved inoa process separate from compilation,
called Fncling or finking, I moderm systems, linking
takes place at the tme of Joading and s therefore
invizible o the wser Glvaamic  deading), In the
following, we will sometimes call an exporting module
adilrary, while the modules thal impo from @ e
called ats cliears, Clienl modules may themselves serve
as libwaries 10 eler clicns furleer op in e module
higrarchy, so that Byer upon layer of & system can be
buill vpon simpler abstmctions below, However, we
regquine thad tbe mosdule dependency graph be acyclic,

Maturally, separate compilation of a modolar
application iz more complex han compiling @
merisalithic, self-sufficient peogren. In goder (6 perfonm
imtermodule ype amd porameter cliecking, the compiler
has to process the declarations imporied froin libeary
modules in addidon 0 the sowrce wexl of twe modole
being compiled, The simplest way (o achieve (his is by
ahwivys recompaling Use complate module hisrarchy from
the bodtons upawinds, retaining in memory e synlasl
Lables o library madoles for the compilation of Useir
clicnts, Poster [1] describes o system in which all
interface Information s oblained [rom sowrce X in
this manner, o which effect the compiler invokes itsell
recursively while waversing the moduole dependency
griply froim its rood (e, the “maiin nodale™),

Flowever, exiracting interface data from g source
program 5 a cosly operstion. Repealing i foe the
compilation of every client module may slow down
conpilation considerably, It has theeelope Become an
catablished praciios o preserve the interface informaiion
ohtained during compilation in a efficiently readable,
coded antermediate formal, so that it need not be
recomsimeled froan sooaree texl for every conpalatiod of
achieot module, A file contadoing such a coded inerface
description is ealled a sywbel fife [4, 6],

Although symbol [iles were invented as a means of
ingreqising compilation spoccd, they e wselul for another
reqson thal is more organizaional than technical, A
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symbal file represents a froeen slale of a cenain
Interfaee, while it s ool dinccily cditabie by hunmes,
This helps o diseipline programmers, resinining then
Mo changing ineofees oo Bght-leariedly, When
larger software systems are being constrocted, the
interfuces between self-contined subsysiems are oflen
specified early in the design cycle and compiled inte
symbol files, The different pacis of the sysiem cin two
ke implemented Cand aler mainizined) concurrently by
gepanide tewns of progrunmers, W ihe orlginal set of
symbol files is vsed in gvery compilation, o can be
sune dhat the parts will B wgother wiiliout exoeption,

In combination with wersion stamping, the use of
avowbial [l can also shinplity the conslslency eheeks
that are reguired at the lime of linking o delerming
whiethisr libraies muld cliend modules are compatibbe wiil
each other, ‘This panicular use of symbaol files will be
cliscussed biv fhe st section of (his paper,

2. The Path o Universal Symbaol Tiles

In the progronming langoage Oberon [ L4], there is a
single sowrce wal for every progrm agodale This
Uocument specifies a module's interface as well as it
bmeplementation anel is ugsed by e compiler o geemls
both a symbol file and an ebject file, In some
implenentations, these two are petslly only parts of 4
single physical file. Aler compilation, the mewly
penerbed symbol file represends the module’s injerface
angd is subsequently processed insgead of e source @xt
when elieat modules are comipiled,

Each symbol file contains essenlially a lneuized
copy of the compiler's symbol fable, or, morg
precisely, a subsel of this @able describing ihe Ceplores
U e visible owlside the module being compiled, ples
s aebiliiional femures et ane considered invdsible but
required for pehicyving compleleness, For example, the
erpaet of & variable focces the inclusion of B3 type in
the symbaol lile, although the type itsell may sot be ex-
poned explicitly. In this case, the lype needs 1o be
Magged as invisible, telling the compiler dhat il shoulid
forbid progeammers o deckare Turther varlables of this
type within clicot modules, Similar exceptional rules
apply (o non-exponed ypes that are used o the
defimition of exporicd Lypaes, and o nom-enporteg] ypes
Ut e mendioned in (e porameter lisis of exporesd
e hings,

Symbol files were inwoduced odginally for aceekerl-
ing the prosess of compilotion, Conseguently, their in-
ternal organkzaion shoald ald the efficient (eansfer of the
engesbed imtenface data back into e symbol whle of the
compiber, Ino (e past, this woeplly meant (hat the exer-
ool mepreseatation of e interface on the symbol fle
o of bess eeflected the inteenal slorage layour of the

corresponding symbal table, with additional provizions
T mappling podmiers within dhe ubbe,

Hevwever, while a close conformity heiween the or-
ganlntion of slornge In meamory aocd on s synbol Gle
was sensible in former times when processor specls
Werd nel &0 groml i compurison o SMrage access
speeds, many of the assumplions about the relative cost
of "enleulimion” vessus that of "peeseovallen’ et under
Bk cnrrent symbol-File fomats e oo longer true. We
g cumently witsessing o mpidly widening gap between
raw compuling power o the one band and speed of
storage on the lier hand ol all levels of the seemge
higrarchy, As a3 consequence, il §5 increasingly
becoaning more ciilelent W meenleilate a vilue
depends on seme other values, rather than 1 stode it on
i file and read U back lnter, Experiments canducted by
CGrigsemer [3] found an almost Linear dependency
belween (he length of o symbal e and e gime
requircd For reading i, regardless of the daa encoding
sl n s ke,

Moreover, most modem file systems offer some fonm
of disk enehing, 17 we complle whole series of modnles
regularly that share 5 common likeary base, and i all
syimlsol files that are aecessed mond than onde remdn in
the cache during such 4 compilation, this can affect
perfonnmice denmpically, Sinee the size of o Ole cache
15 wswally Llimited, choosing a moré comnpact enooding
for symbol files incoeases e number of Gles that can
b Dl i Ui b simulismeonsly,

With this in mind, we took a Feesh book al e prob:
fem of fnding an efficient symbol-file representation
that §s well suited for [oday's machines and will relain
of even expand 15 beoefits in te future, We might of
comirse nlio have olvained smaller symbaol Gles {uwl
thereby higher file-aceess speeds) simply by incor-
porling bnio our compiles one of the ¢alablished file-
compression methods, such as the popolar LZW toch-
miggiee [12], Howeser, we wanted o inckle the problen
Al itg rool rather than obscurg i by the addition of vel
anodligr sofiware Tayer 10 an alegady large compiler.
Besides, the wse of a general-purpose Ole-compression
fgorithm seemed fo be somewhat inappropeinie consid-
ering the Fact thar symbol files bave a faicly regular
strgdure, Moreover, most compression alperithms
regquine & substantial amouot of memery. [0 woold have
been unrensonnble if, as an elfcel of compeession, the
symbol-file bandler bad wmed oot & dominate e
menory reguirements of the whoele compiler, while i
aooun: for only a fraction of it size and o lime.

W therefone sel ool o redesign tee Format of symilxol
files from scratch, This allowed us 1o specily an
additional requirement for the new representation,
namely gortabiliny, believing dhat this would make our
work even mone useful, The new symbol files were o
contain ng maching-dependent informarion, so tan the
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icdentical format could be used for all conoeivable targed
archileciures and the resulting symbol files would e
interchangeable pmong different machines, Hopefully,
ihis would simpdify e coforcement of lnterfce
stanclards weross o whole mnge of machines. Tust as e
paeision of symlol Hles instead of texlonl iternee
definitions kept programmices froon méeddling with
interlace specifications, the disteibotion of {porable)
symbol fles by sofe centrl autbodty would encouraje
implermeniess of "siandied modules"™ w develop in st
sccord wilh the zlandand, wsiead of adding their own
extensions for ench specific targel architeoiune, A
portable symbol-file fommat would also allow ws o
censd willionil modificatien he varions weols thal
operate on Symbal Gibes, such as brtwsirs,

We caumnge up with four leclinigues aimed at reducing
the size of the symbol [iles while simultaneously
maaking them machine-independent: compaer and
portable data represeniarion, featirg gad ioken ordering,
Fecerlerdmlion of dependent vrliees, mul Feenrane dmpont
propagait, Each s discussed in deiail below,

Al four iechinigues bove Been bwarporated info ibe
compiler of a popolar implementatlon of Oberon [2, 3],
where they aee now in everylny wse, The resulling syi-
kol files are highly compact and compleicly maching-
bisbeprendend, which is why we call them sanversal,

2.1  Compact and Portable Data
Representation

Our symbol fles enoode constant data in a maching-
Lnbependent aml space-vcoomnnlcal way. The wo basie
formals that are pzed for representing nombers and
slrimged requicg a vinable number af byles on e Tile,
andd wse a glop Wi for denoding the Iast byt of a
seguence. Do ocder 0 keep malters simple, we
purposefully nepresent cach dala vilue by an inlegral
number of bytes, disceparding the poetential feiher
savings in size that might be possible if byle boumkarics
et iU el

The scheme we employ for coding imtegers,
sugpesicd by Cdersky [9], cnn b applicd e villues of
any magnitde and is independent of the word lengih and
ez byie orgderdng of the machine vied. Mot only is the
resulting file representation portable, but so is the
lgosithm, whicl can be wied on any machlse thit
offgrs 2's complemend arithmetic, The following
progeduee in e progrvnaoing laganges Cberon defines
the sepresentation used in our implementation, in which
each cocoded byle conliving T data Biis and a stop b,
Mobe that by Ciberon™s cefinition of the £27V and A0
operalors, the expression & DIV 29 for positive o 18
equivalent 1o an arithmetic rght-shift of x by &
[roaidicms, while he expressdon @ MOD 2 comrespansds
L ¢learing all but dhe o lowgomost bifs of x, The opera-

Decimal | 2% Complement | Stop-Di
Dirary FEroulin
66 |1 0011 i Jeiott 1110y, 111 1
-5 h[_ﬂl] 1111 (1011 11115, (0110 LETTY
{1 1. 1RO CHHHY (0 LD OHH
-1 11111 1111 L1l IR
{1 [ CRICKY {EHHE U DO0H
| (000 DOHI (OG0 D001
% (00010 1iin Jedad 1
G4 {00100 D00 (1200 000, (0K GO
% 1,03 L0 CXHID 1 LOEN Ry, (OO O KN

Table 1. Exsmploe of e varinble-lengeh umber
encoding.

Hons cocurming in the encoding alporithm thensfore
resginire e oo oslliplicwtion or divislon, bt can be
peclormel by the simpler ingstmuclions “arithmedc shifl™
arnld “legiend AN,

PRCCEDURE Weitnlnifx; INTEGER);
BEGIM
WHILE (% <—04) ORt (%= 63} DO
Wille{CHRD MO 1206120} = x DIV 128
ERD;
Wirda{CHR[x K20 128))
EMD Wrilalnd;

The meihod requires enly o single byte Tor representing
the integers o the range [=84,63], (woe byies [or
encoding the values in the infervals [-8192,.-65] and
[6eh, B191], three byles lor nombess o e maoges
[~1048576,.~B193]) and [R192., 10485T5], and 30 on,
Table | shows some examples of Inlegers displayed s a
decimal numiber, in a 2's complement binary represenia-
on, and as & soceession of 8-bll byles encoded by the
alporithm abave,

A similar slop-bil scheme enn be also applicd o
identificrs and sirings in onder to suppress (he
iermination clivacter (with ordlea] valwe wemd 1l
appears at the end of every string in Oberon, Since (he
permissibly mnge of ording] values for charciens inoa
sicing exiends oply from 1 0 127 in our compiler, we
ares Tree b vse e bMgheonder bits of chameiees w signad
ihe end of 3 string, Many identifiers occuming in gypical
inferface specifications arg short, 3o ihat [be space
savings sesulting Trom the wse of a stop-bit
repeeseninlion chn be conadderable even i enly o single
byic is saved per siring, For example, formal pasameters
and regord Telds ofton have single-leiber somes, w0 fhat
removing an cxira (ermination character halves the
corresponding siorage reguircments,

The procedure below defines dbe encoding Lor 2irings
eimployest in our implementation, Note ihat we wse 8
high-ordér-bif walue of 1 o signal the end of a siving,
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while & value of 0 is wsed for numbers, These particular
chidees for (he positdon of ie stop bie and s
terminalion-signalling valpe simplify the algorithms
usgdl for reading,

PROCEDURE WriloStingls: ARFRAY OF CHAR;
lam: INTEQER)
BEGIN
IF fan=0 THEM WrileCHRON
ELSE
IF lons1 THEN WikaBlyloaa(s, lon=1] EMD,;
Wrila{CHR{OBRDs[lan=1]]+128))
EMD
ERD Writa Siring;

The constants of e remaining data wpes can be
eneoded space-cificiently by mapping them onlo suitable
integers, For example, a possible representation of the
set (b, By, byl s the Bnteger oboaby,  aby.

2.2 Femture and Token Ordering

Symbaol files are not intended w be editable by buman
programmcrs. They are writen and read solely by
compilers and compiler-related tools, Tt is therefone quite
acceplable o impose siiel asld complex synlax rules on
the language in which symbial files are represenied, miles
thil one coull not reasovably expecl any humn to
ohzcrve, Morcowver, symbol files are osually read mone
often than they are writlen, Consequently, we may
optimize their format for reading and neglect the expense
of penersling U,

Having studied several existing compilers, we
observe that compiler writers seldom apply Lheir
expertise in Uwe processing of artificial limguages—
mwnifead inoihe dealpm of e compller' s peser-—wlen
they delioe a symbol-Ole foomeal. Instend, thiy often use
formats that are (oo simple and  onsedquently
umeconganical, By designing the format of a symbol file
willy the poutione B onbed Out sl Bater pead i, oo can
easily find a representation thal eneodes an intecfzoe
definktien densely while nevertheless making it
amienable to elficienl parsing,

O i pleneniation uses & onguage for representing
Oberon's interface definitions that can be parsed by a
shimple LLOEY mechnniom, The key o (e eliectiveness
of our scheme is order. The objects on our symbaol file
wre ordered in o suinble way, a5 are the tokens (lenminal
symbolgh of the language thal describes them. By
odering (e tokens of ta langoage, e comesponding
parser could be smplified considerably, The following
discussion oullines our echniques a Tull speetfication of
thes symbol-file format i3 given in the Appemlix.

In Oberon, as in most oher langoeages of Algol
ancestry, the symbol @ble contains entries for the
eongtanis, variables, procedures, and {ypes nppearing in
declarations. Esch constant, variabde, and procedure bas

i lype associnted with i, amd types henmselves may
reference other Uepes (hat liwe Been used in thele
construction, When we lineaclze the symbol gble, we
Uaesefore need (o map mnldple references 0 Lypes L
soch a1 way that sn isomorphic relationship can be
valablabicd Inter when the correspancding syabol ke s
read back,

Tor dlds elMect, ouwr symbel-Tfile reader malsliing a1
table of 1ypes that have oo input from the symibol file
ilrcaly. The symbol-Tile language eontalns & rvige of
terminal symibols fhat represcend the types in this bk
Chin the syimbol e, the strociore of cnch Lype s
specificd exactly once, at which point 3 previoosly
wnuagd terminal aymbol iz associled with the new
type. This old-type symbol is then used o denote all
funher gocmrences of thi Lype,

The features in the symbol able are sosied by their
Kindd {eomslamt, wariabkle, 0 prios o Being weridten (o
ihe file. Thiz spares us Use expense of identifying the
kind of cach fewlore individoally, Forlermiore, the
terminal symbols of the symbol-Tile language are
grranged in such 2 way that the starg syinbals of (ype
references are easily distungoishable from all other
ermibl symbols in the lnnguage, This @5 achicved by
reserving & continuous range of woken values for them,
Below is the foonework of o grosmar for a simplo
syvmnbol-file langoage that can be parsed clficicntly
(e il vl denote teeminad sirngs aod numbers),

SymFia = BEGIN
CONST [ Type nama val § |
VAR J[RDONLY) Typa nama ] ]
PROGC | Typey., nama..
{ [VAR) Typeq, namap, } END} |
EHEWT\"P {Typal ]

Typa OldTypa | MawTypa
OLDTYP1

OLDTYP2
OLOTYP3

OldType

———

HawType MowhrrayT
MawPalntorTypo

MewReaordTypa

Assuming et the siarl symbal for any production of
Type is smaller than the token CONST, and that
CONET < VAR <wm BIMINLY < PROC < NEWTYF <
END, then a simple parser for our symbol-0be ingoage
can be steactored i6 e mannes shown below, The
identitier frg denotes o global variable that contiins (e
next symbiod om the fwpot steeam (look-ahead of one
symbal ).
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Roadint{lag);

IF tag=CONST THEN Raeadintfiag);
WHILE tag « VAR DO NEW]oeast)
RoadTypieonstiyp);  ReadStangfeonstl.narma);
I rend conslval dapanding an constiyn )
Raadinitag)
END

EMD;

IF 1ag = VAR THEMN Roodirtiiog:

WHILE tag< PROC DO NEY|ar),

IF lag = RDOKLY THEN
Readint{izg); warreadanty == TRUE

ELSE warreadonly 1= FALSE
EsD:
ReadTyplvartyp): ReadSiringvarnamsa);
Rasdintitog)

END

END:

The symbol (ile s pusraoieed (0 Conliin nog synta
crmors, A recursive-desoent parser is thergfone appropeiale
o priwrsigg i, o6 ahis Klwd of parser can b imiplemeanied
particularly elegantly and effickently when syimlax croors
may be roled out. The parsing of symbol files Ix a
recursive process becanse the nonterminad symbol e
may appenar on e elght side of @ produetion of Type;
for example, an amay consists of clements of another
Lyp. However, by choosing the ardering of U wkens
for the Type productions carefully, the parser can be
kept simple,

In the grammar above, type declartions appear at
awbitrary poims on the svmbal Gite whibe the deckaratisn
opder of all ether featlures b5 delined strictly, This ap-
ooty hag Been chosgn purposefolly, As an altemative,
w might ave written all iypes ol ihe beginning of the
syl File, Bater followed by the constunts, varalles,
and progedures dhat relerence theom. However, wriling
ol first oconivence of o Lype inside of an object
definition saves e space ken up by an “old-type”
referenoe, Only these types at Jdo ned appenr ot lomst
e i the declration of anoer leature are specified a
the end o the symb] file in a soparabe seclion,

Ciber seemiogly arbitcary design decizions can
comlribute (9 the simplicity of the parser, Fog example,
the objects déscribing parumeters and record Tebds are
wsilly linked together dynamically in the symbaol
Lable, We erelore store Usese on the symbol file in
reverse opder, making the constoaction of & linked list
partheukarly casy during e reading process.

2.3 Recalculation of Depencent Values

The trmbilional approach o writing syaantal fles 1s o
prescryve all of e inlonoation that is aowailable in e
symberl-table hancdler aboul the cxported features of a
modulie. This vsually includes a substamial unoant of

derived darg, Le., knowledge about (e features in the
inteefmee thiel §s absenl ot the level of the source
lamguage, bul compuicd by the compdler. Amoeng this
derived infeemation are the wklnesses or eotry numbers of
variables and procedores, the relative offsels of rooond
felds feorm the Tase addngss of 0 recond, and (e gverall
simes of data cyvpes. Including this informetion in the
syl [ile spares the gompiler fom calculating b
again when the symbol Gl is red again kater,

Nowegyer, pecent developmenls in lechnology make
this srrategy questionable. Becanse of the riging rtio of
pEocess specd versus  seripe-iceess dmme, B ls
becoming more economical to recalenlate a dependent
sitdue then o s10me i on o Gile ol peicd 38 bock Ineer, Wo
Bive terefore elecied nod W inclode any compiler-
aerivesd inforimation in our syoibol fles,

Chur symbol fles contain exacly ke same informa-
Ligkih thid is presend in the source-kevel spegification of
an dmerface, while all derived infomation regquired by
e symbolaabde hnmdler 1% reconstructed on the My
during seading. For example, e sxe of 0 record dat
ivpe i caleulmed s e sumn of e sives of i
constituents, plos some allgnments, Since the
slependent informatioon may vary frons tagel nrchileciurne
iy target archileeure, equivalenes of the source ©x and
e symbol Gle i3 acwally o preseguising o mogching
indbependenee, We also fourd that i resulls in higher
overall compilation speed, regardless of e Facl thit
mowe computing effon is rsegubned dusing reading.

We were able 1o isodate a1l macline-specific detnils of
the recileulition step and romove them from the
procedure thin readds symbod fles, making (e symbaol.
table bundler more easily retarpetahle, To this end, a
precedure that betongs o e code generator 15 assigned
i oa procedore virdable of e @ble handler, This
procedure is up-called for cach objcct that is el from
e syl e and subsequently compuoies 8 maching-
cdlepenlent parmneicrs of tho objeat,

2.4 Recursive Import Propagation

Chiite often an application is decomposed into several
lyers of maclales it forn an impart kieegechy, The
micdie layers of this hicrarchy serve a dual porpose:
thir moclules et as libraries o the modules Taether up,
while at the same time they are clienis of the modiales
bolow them, When the interface declaration of such a
mididle-layer module i based on featwres that have
themselves been dmporied Tonn furiher down in e
hicrarchy, we spenk of & re-expon condition, Clicnts
therchy become dependent on a re-exported inedule cven
when they do not impo il directly,

In anguages sech as BModakn-2 and Cdgnon, re-gxport
conditicns can occur only by way of fypes that have
been hmporied feoan angder module, Far exmnple,
munlule M1 in Figure | exports a variable M1 that is
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MODULE &
IMPORT M1;

MODULE M1,
IMPCRET MO;
VAR v = MOLT;

MODULE M,
TYPET = ...

Figore 1, Module M1 re-exports MG viz 3 vanable
eclaration,

declared as of type MOUT, MO berefore becemes visible
in e interface of MY, 5o at changes in module MO
oy aflect M s cliont module O regardless of the g
that MO is nol mestiongd in e dmpord list of O
explicitly.

There mre two dilfereot appeoaches (g e represents
ton of re-expost conditons o symbol files, As o
wemingly steaightlorward solution, one may simply
inglude e the symibssl file the pames of e modules
hat are re-gsported, However, this oakes the inpot of
syl Diles o recursive process, sinee the symbol-tide
handler requires aecess 1o the re-exporied declarations
Perfowre B0 can process e fenfures Ul ane based on e,

In the past, most implementers have opted for
ancither npproneh instesd sl ave wsed self-confained
svinbal files [4, 5, 6, 16]. A self-contained symbol file
inelodes the complete delingtion of ewery fe-capEnted
featore, even of ferlures re-expored throoph several
Enyers of the module higennchy, therehy fagtening tais
higrarchy from the viewpoint of client modules. In the
cammple above, the symbol B of owduke M8 would
contain dhe foll description of MO.T, bat wl of any
athier oblect U mighil wlao be exported by M

According o Wirll [15], one of the major reasons for
he wss ol sell-conlingd symbol Gles in e paa was
the limifed size of main storage available o the
avimbol-tible lnndler, Uslng selfoontained syabsl
filcs, ong imports only thase featunes iedirectly thal s
aehually needed duckeg o compilation, whils ofherwise
ong imports alll the featurcs exporied by each imlinectly
bpried module, However, the memory regquirements
of 1the symbol-1able handler can nowadays be fulfilled
even by deskiop compaters amd slisuld no nger play o
robe in the design of the symbol-file fonmal.

The other advaninge of self-conained symbel fles
concems the namber of fles that need to be read during
a compllation, Self-contained symbol Ales Natien the
module higrarchy, s0 that the compiler can awiid

processing (e symbol fles of modules dhat are
lparted indirectly, In our experdence, however, fow
madiles are imporied indirectly withowt also being
Inperied divecdy, On e other hond, making symixsl
files self-contained nol only sdds 1o their strocioral
Cognplesiy, but nlso e thelr sdee. For rensons ieeady
mentipned, we find thal we prefer compactness over
sell-sulTiebeney, whiile we can mdsl disngpand thie el
wumber oF files thal are aecessed, dee to the effects of
[le eoching. We lnve twerefome maverted o e copeepl
of recursive imports and abawion the principle that all
syl Files are sell-conliined.

Adthoogh symibeol files are imporied recursively in
aalr ecanpiler, this does oo baply that the symbaol-table
lamdler meeds (o be fully re-eatrant, which would make
it less efficient Decause all symbol-iable opermions
would lave o be parunetrized. For example, inported
Feamres ang aormally pbled oo module’s global soape,
which can be anchored in a global variable ouly il
mmeshile seopes nre remd one al o lme, However, by
separaling the information abool re-exporied modules
Frosse thie aetiond sysnbol das, rending o moshule’s syl
Tile can precesd withoul Inemupon.

I o imglemeniatiod, the names of all re-expor)
madules are Hsted a1 the beginning of a symisal file,
allowing U recursive imporl of re-gxpored modules
Isefore ihe seope of te cument modole is even opened,
As 0 disadvaninge of ihis surategy, he re-gxporl
information needs (0 be separated Crom e soope dada,
Hlowever, s con e done oo single traveesal of the
aymhirl table simply by cmploying bwo separabe
intermedinte boffers, which are lter combined to fonn
thie symbl lile.

3. A Practical Example

The Oberon program exl below containg all of e
declarnlions nocessary for a modole that mamages files
Cb @ randone-access stornge, A sinilar wodele, along
with i cletailed deaeription of ils implementation can be
Towmdl ime [DG). Mote that the poioter type File s
expedied, bt the record it reforences s nol, The
compeneents of the Rigler dlata sinscture sne anly partially
exporied,

MODULE MFias;

TYFE
FilaMarmaes s ARFRAY 32 QOF CHAR;
Filos = POINTER TO Hoador;

Ridars u AECORAD
aaf+ BOCLEAN;
pogs LONGINT;
fila: Fila:
pas, nde LONGINT

EMD:
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Heaager = RECORD {1k alkecation blockss)
naime; FlaMarmi;
bar; LOMGINT;
gag; ARAAY 245 OF LOMGINT

EMDy

PROCEOURAE Old+«(name; Filabama); Fia;
PROCEDURE Mews{mame: FileMamea): Filg;
PROCEDURE FRagistars(l: Fila);
PROCEDURE Lengrihs[f; Fiba): LOMGINT;
PROGEDURE Sat+[WAR r: Ficfar; 1: Filo:

pos: LONGINTY
PROCEDURE Rond« VAR r Ridos VAR x; CHAR):
PROCEDURE Wiae VAR r: Rider; x: CHAR);

EMD BAFiles,

While it 15 obviops thal wiiversnd symbel files lave 1o
confain a detadled desenption of all components of a
recond, including the nongxporied omes, oie might
assume that wraditional symbol files eould omit [his

Symbal File Hoprosentalion

HEGIN pCEETEADH "
PROC
MNOTYF "Wiite"
CHsH
VAR RECORD
ROTYP "Hidae™
LOMGIMT " "
LORGINT ="
POENTER
INVISIBLE RECCRD
ROTYP "Haader"
ARRAY
LOMGINT ™ * 245
LOBNGINT "
ARRAY
CHAR FlleMamea' 32

EmD
lﬁhﬂ
LOMGINT "ras®
BOOLEAM "eal”
EMD
H:.F
ErD

MOTYP "Sat® LOMGINT "pos™ OLDTYP2 *F VAR OLDTYP1 ¢ END

MOTYP "Regleior® OGLDTYPR "I" END

MOTYP "Read® VAR CHAR =7 VaR OLDTY P * END

QLDTY P2 "0l DYNARR CHAR ®* "nama’ END

OLDTY P2 "Maw” DYNARR CHAR ™" "nama® END

LONGIMT "Langih® QLOTYP2 "I" END
EnL

information, Unfoctonately, this s ool the case in
ayslems Uial offer gocbage collection, Garbage collecion
requires that all painicrs ¢an ba locaied and raversed.
The reword Lypee Bider [0 our exaniple Somaing an
invisible pointer fooa file. This knowledge needs (0 be
present on thae symbol Tle, as eng wighl deelarg an
extenzion of U type Kider in another moduls, whose
Jile Teeld mual be trvversedd also, Consequently, v note
must b nade even in a traditional symbol file that a
Dickben pointer is present in s Bder Do, anid b3 offsel
h2s 10 b specilied.

The complete coantents aof the wnbversal symbol Gile
lor module MFiles are displayed Figure 2 along with
snie comameints, Mole that invizible cecond fields luve
Lthe emply Sang 2% their name rather than an explicit
“sovisible™ Mog. In the comment seetion on the rght,
wit b marked in boldface cach point at which a
previously wsased "oldaype” symbol i3 associated with
a lvpe definition that bas jost been conpleted.

Carrmants

varslan-glamp, e inpos

o congtants or varalles

Froc Weate{] ratuming no vale
il Parz &

Wit Part %

Typa Alder =21 OLOTYM

Fidar Fiolds inwisibio

Fivtar Fiplad inwisila

Ridar Fiald3 invizila

Typa Filp = QLDTY P2

Typa Header == QLOTYP3
Haadar okl fveiibio

Linnamad Asray Type = OLDTY P4
Haader Fiekd imeizible

Hoader Fiekl2 ineisblo

Haadar Field{ imisible

Twpa FilaMamo =22 OLOTYPS
Haadar Fiald) imvaibla

Tiee Hoader

Type Fils

Fidar Figigd nwvicibio

Rider FlaldZ “ras®

Hider Flald1 “aal®

Twpa Aidar

White Par1

Fros Write

Frog Self) relurning no value
Prog Rogletort rolurning e valee
Froo Read(] reluming no value
Prop Qi TYP2, ., =:0LDTYPG
Froc Nawil: TYP2, ... =:0LDTYPT
Froc Langth(): LONGINT

Flpure L. The universal symbol file for medule MEiles.
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d. Results

We bave combined Wse four eehnigues dezcribed above,
corpact and portable deefa regresentarion, featre and
token ordering, recalowlation of dependent values, and
FrCHrsive et prepagation, inoan Obeeon commpiler for
the MacOberon enviromment [2, 3], This compiler hag
been widely disseminnted ond has demonsioraled s
vselulness aid sobustness convineingly, Tw andes to
evalunke ooy approach, we will gompare it in the
following o & virdation of GCulknecht's method of
wriling symbol files [6], which was wsed in a previoos
wversion of BMacCkberon's compiler, Both synabsal-lile
fmiads are specificd im the Appendiz,

Cintknachl's synbasl-Gile fommal s suited especially
well for a comparizen, a8 il has been published in detail
il a preat number of existing canpilers $or vigioos
targel machines employ 11 with only slight maodific-
tions, While the aloorithuns or reading and sriting
symbol fles in this formar are portable, the resaliing
files are not, “Lhey contin maehine-apecific data soch 15
acddresses, offsels, and sizes, and the encoding of this
fnfoerotion Narthenmons depemds on e byte orderug ol
the targel maching,

The following beschmearks wone curricd oul onder
dacOheron Version 3,10 on a Msciniosh 11 computer
(MOCGROHD processor running at 16d1E5), which is a
relatively slow computer and therefore makes e job of
measuring performunes easy, As we have meniionad
abowe, the advantapes of our Scleme Becoane even o
apparcil witl rising proccssor speed, althou gl he effect
weits less proncuncgd thae we had expcted wilen wé =
soane 1ests on faster Mocintosh models, most prolnhly
hecanse these newer computers also have faster disk
contralless, Tlowever, e margin of INeasueing oroe i3
prearer on a3 faster processor becaws the unil of maching
dhe apainal which our measurcments are nken is e
same o all mosdels,

Three differenl sets of modules wese used o g
enclunarks, The [rst group of seven modules in the
fests B dosw Forme the “outer core™ of Use Obemnsis opeeat-
ing syzleny, nplemanting i1s uzer imerface, The seoond
g third groups of madales vepesent typicsl applici-
tion packages, munely the Write documenl procesang
aystom [10], amd e Diaw object=oricntesd graphics
editor [16].

Table 2 gives an impression of the compactiess of
our representation, It compards the sises {n byles) of
windvarsal symbol TMles C'Mew™) with s siees ol syme
bl files obtined when the dentcal imerlnce is con-
pdled by @ previowns version of the MuceCheron connpiler
that uses Guiknachil-siyle syvmbal fles (0007,

Chir remnlndng v tikles repo some tming resles,
The first two colwins of Table 3 present the [hmes (in
willisecomds) that 1l compiler eapembs on ehailding
Ihe infonmation contxned s inserfzces of mpoed

Mailiile Old SF Size] Maw SF Siza] Mow : Qld
Taxia 2104 1073 0.45
Viewers U B53 285 0.44
Charon 2167 0465 0.4
ManuWiewers 450 149 0,33
Toxd Framas 2126 065 0.45
Syslam IR 260 0.75
Edit 143 107 0.5
VriteFramasa 207 1364 0,43
MillaPrinter Bvae 325 0n.a7
ParcElems k] 352 0.7
Wil 261 167 0,75
Writo Toals 1266 G13 .48
| Graphics 2450 1147 0,44
GraphicFrames 1560 383 0.24
| Dy 1Bz 140 077
Ractanglas Fi0 B1 011
Cundas Tog ag 013
linasz Td3 a3 013
& 22168 BEET 0.35

Tabkle & Symbol fils shzes in byles,

mioshules. Is the Gld compiter (Gutknechi=style symbod
files), this is cqual o the ol dime gpem wiilidn e
procedore ot remds svmbol fles, while in the new
compliler {universal symbol les) the Ume needad o
reconstruct devived information has been added also,
Columins theee wmd fonr ibcite bow many symbol iles
e opened during compikation of each module, Since
unbversal symbl files wre nof sell-contlngd, mose s
need o beapened in general i oader o oeend featunes ti
e inporied indirectly.

Table 4 pots the symbol-fle reading tmes D rekation
fo thee tetal dme respeiced foe the compilstion of each
module, While ns first lwo columns eeplicate
informmion alsc fowud in the previous ble, s ihind
colurn lists the Gme On mialtissconds) required for the
reimdining segs of compiliticn, §.e., without meading
ihe symbol Gle, The total compilation time for cach
idule con be ealeulated by sdiling to ks Ggune e
coregsponding value from column ong of v, The
fourth and b colwmnbs represent the quotiont of e
impart me o tee ol complkatan e,

It is nalabde iiag the progrticn of compiation tine
expended on symbol-lile reading varies greatly. For
s small weinles g mainly implement extensions
of other modules, &g, Reciargles, a thind of Ose toral
compilation time is speal recling syovbol Gles,

I the beaschimarks above, Dles were closed and Use
cofraspanling file buffers sl nfter the compildion
of each modole. Compiling the modules In succession
witliout Flushing file cachos les the perlormniece
balance significamly in favor of oor schome because it
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Qld Imp. Tims Hew Imp. Time | Old #Mod Imp. | New #Mod Imp.
Toxls 210 210 5] &
BWars 50 30 1 1
Qboron B0 4010 ] [
bMenuViawars 204 260 4 i
TamtF rearmios GA0 4B 1] 11
510 i1 12
350 f E]
10 510 10 12
WritaPrinter [ 4l Fi k]
FarcE lams [0 410 ] 10
Wirile EEI:I 510 i3 14
Wiila Tinla 10 430 ] 10
430 310 7 2
GraphleFrames AB0 430 B 11
Diraw GED 510 i0 13
Hectandgios 450 ] 12
410 G 11
a0 7 12
7200 140 174

Tahbe 3. Imporl limes in millisscomls amd nentber of iopacied modobes procesaod.

reduces the laency of file access without reducing
individual reml opemtions mucl, Moreover, beeiuse our
symbol fles ae much shorer, more of them are likely
for b ket o the File coclee,

5. Universal Version Keys

A ohe o of Haking, all imporfexpont relaticaships
Berwecn movloles need 1 be resolved, For this punpose,
epch client modole should in principle contain o list of

the Features it imports o varows libranes, wiile each
correepetiching libaary module shoubd comlain i list of e
fequiures il exporls. However, apart froon the spicd tha
wonld be required Dneach clicnt miodule for desceiling
the imported features o detail, Uiis would also pecessi-
it i Mine-grabned comparison o cnsore thit ol of the
fetures regquired by a cliend are actually peesent i e
verskon of the library encountered during linking. Soclia
COmparizon s ume-consuming and therefoee not well
suiled For systems oflerng dynanic londing,

o duis Old_Tmp. Time [Hew Imp. ?lim-:-| Rast Comp, Tima] Old [:(Hel) How [:(F+l}
Texts 210 210 4120 0.06 0.05
Yinwnr 0 o) 50 0,04 002
Caron 550 A0 220 0.20 015
hfenuinwars 00 260 1440 0.12 015
TextFrames Ry 484 S 0.1 0.09
Bysbom T30 510 3170 LR 0,14
Edit 550 250 250 LREL 0,12
Wiila Framag ralil Nl 100 0.08 0, O
Wataknntar &00 A0 20 17 14
Parc |z |mms ES0 410 3700 0.13 0,10
(Wilte EGD 510 3570 0.19 0,13
Vieita Tools 7i0 430 o By 12 08
430 g 1o} SR .11 0,08
4E0 430 2080 0.14 0,13
EGO 510 1640 0,30 0,25
Rectanglas E50 450 1080 0,34 0,28
[Curvas 450 410 1600 0,21 0,20
Zolinas (1= 530 130 0,33 0,28
» 9530 F200 SEOE0 0,15 0,12

Table 4, Tmpoa limes in milliseconds compired G dedn] compilatien thme,
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Howewver, a similar comparison already (akes place
during separife compilztion, a et thil can e caplodied
by appracimate siching of clicnis @ librarics wich the

Dl ol wergion Leys, Duerhibg th sepacite coanpdlntion of

a library masdole, e coanpiler assigns such a version
key o the liboney's inteeface amd inglodes it in the
symbol file. When client modoles are separately
cogapebed Itee, the commpiler vorities that the elient is
conssent with the libeary and includes the key of the
Tilsrnuy B the olject file of the client, AL e tine of
linking, e key on the client’s object file st match
the key of the libroeys atheesise the clican hias beon
compiled agains a dilferent vecsion of the library and
thiy conmot be linked, The complex cheeks of
compatibility between librares and clicnls that were
prerfommedd an e e oF coanpilngiom (eere fore necl ndd
b repented during Hnking,

Wersion-key schemes are very populiar in sysiems
that suppodl separile compilaton, and oy existing
isplementalions [d, &, 161 wse e e steiige of
coanpikagion oo wmigrely identify a speciiic version of
inlerfaee., However, time stmngis e procticn] (s verson
keys only in o oniversal module space in o which each
mochile i5 associnled with n site of origin, Time
siamping makes W dimposzible (0 cary ool an agresd
chomge fia cerain librury inadhile on seveenl different
cormprers indopenddently whike nvuintadning Intechange-
abdlity of client mohisles, Tislemd, one hig o genenile
the new symbal file on a single machine and disoibune
i Ao all ciber gices sothat dhe Hene Ao aee sbeatical
wirywlsene.

O e other haned, the wse of Sagerpriirs instend of
time stamps is able (o yicld symbal fles ihat are wot
only universsl wille respeet o representation of (heir
cuntent, hut also with respect to the identification of
specific versions, Conscquontly, (hese fles are
comphelely mterchinpeable between dillfenent machises,
M fingerpring is a sealar value that 15 compuied
detenminisically from the contents of an interface by a
hashing Tonction, I contmasl, tme stmps do nm
depend on the contenls o interfaces ab o all,
Fingerprinting is more flexible, since identical
imerfzees yield fdenticn] Ongerpringg and therchy
identical symbol files regardless of e compilaion
ginvirommenl, This ennbled eclose contral over
compatibility in the implementation of saftware
syalems il are o be porialile w severd diflferent farge
architectures, Tt also makes inlerfice changes easily
reversible, a propecly thil we have foued 19 be much
approciatod by programmers,

Fingerprings also simplily ahe detection of changes in
an interface, Soch changes are olien vivwanled becose
tey Bownliche afl clicnts of (e module allesied,
Comsequently i user should have the opaon 1 prevent
inandvertent inferfaee chianges, This con be achieved by

treating such changes as compilafion gerors opless a
certbn conmpller gption 15 ennlaled,

Gunknecht [7] mentions hat the sk of detecting
cquivalence berween an cxisting interfaeo and nnewly
created one is o challenge and sugpests two different
siratepies (or this purpose, While the more complex of
these stralegics involves @ Tull stroctural comparizon
Petwen twe synbol [ables, the simpler aliernative
requires thyt symbod fles always be created in some
eangaleal fomm, Bouividence of an old and o new inter-
[ace can then b ested by comparing the comesponding
symbic] files byle by byle, Fingerprinting requires snly
halt’ 55 much ¢ffor as Gutknechl's second solution,
Because only e pew inlerfoce has o be readl
completely, vielding a Gngerprint that can then be
compnred i the Gngerpring of the previcus version of
the interface. There is no need w0 process the existing
symbol filg a second dime, which is costly as it
inviolves file opontions,

Time stamps g probaldy shghiy more seoure dun
fingerprints of equivalent length begawse the chanees of
inadveriently compiling a masdule congurmenily on
different machines are very small, while the salety of
lingerprints depensds on Use qualicy of e lngerprinting
funclicm. Hoowever, tis disadvaniage can be counterad
simply by incrensing the oomber of B wied in e
represcatation of e Onperpring, Iy the cxirems case,
e connplate interface in its camondeal form puy serve
a5 e Tingerprint, vielding absolute sufely,

5.1  Simple Fingerprints

A lingerprnding fuascticd computes @ scalar valoe from
s sinuctured interfce, We requing il (o bave the properly
Meat the chinnge of a singhe bil in the imerfes mast
change the valee of the Oogerprint, Mote that althouah
anmanterface is really an wnerdensd ser of featores, the
ordering s significant in the Lnear representation used
on symbol files, This is because clients reference
impodted features by el relaiive position on e
symbol file of a libracy, Consequenily, changlng Use
erdering of features on a symbol file must lead to a
cliange in the correspoasking fingerpeind. Howewer, this
does toL imply a reswiction foe Qe progronmer, becaose
the coanpaler can ereate symbol Tles ina canonleal fonm
i which ke features are sooled, so Uil the erdering o
thie fevel of the progromming language need nod be
reflecied on e symbsal e,

The only fmporiant requirement for a fingerprinting
algoeitm b practice is ihat interfnees tinl differ only
slightly be ponrantead o oblain different Angerprings, I
docan® | really necd o concenn us iF eompletely dilferen
interfaces by chance oblain the spme fingerpring, A
simple Ningerpeinting functlon il in our expedence
yichls good resulis, while it can be implomented
eifictemly, is e Cllowing:
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PACCENURE FingarpHmiintedace: STREAM OF BYTE;
WAR fp ARRAY MOF BYTE),
YR |, | INTEGER; ch: 8YTE:
BEGIN e jed fpo |0, .00
WHILE ~ flas! byte of intevlaca procossea) DO
ch = fnext Dyde of interfzca);
fpli] o= (]« ROTich, ji) MOD 266,
NG IF =M THEN NGO i=0 END
EML
EMD Fingerpant;

The function 80T BYTE; n: INTEGER] in the algo-
rithin abore performs o bivwise Jelrotafion of is frst
argument by the number of hit positions given in the
second argument, I ks introdueed w0 endily trns-
positions of a multiple of N byle positions in the
interlice, which would ciberwise be widelecuable,

The algorithm given above is our own ad-hoe
solution 19 the fingerpinting problen we hive not
subjected it e teorelical analysis, For example, the
profability of eollisions for well-fomned inferfaces s
unknown, However, a compiler incorporling this
plgoithm s Been Dy widesprend wie Tor some (line
without any repons of fingerpring collisions, With
some confidence, we therefore coneludes that an
algadthm as simple as this ong is reasonably well
suiled for Aegerprnting poepaeses D peagtioe, 18 safely
can be wirigd a8 needed by adjusling the value of e
compstant N, W find (Tt g Gogerprint of oo Tyies in
leng s is adequate, providing sufficient security while
COANEINE Cisy anageeent,

6. Summary and Conclusion

Thie cgobng inprosemends n computing hadwoane liave
reached a point at which a complete reassessment of
stormpe sehiemes 15 by coder, W hiwee aulstitoled e
uge-lo-date symbal-file format for o proven bot oaidates
farmat whoss design at the ime bad been motivatesd
larpely by hasdware constraints such as scarcity of
memeney, While (e new fommal s moeg comples than
its predecessor, i1 based on the theary oF context-free
langimges ond gun be parsed elficlenily using recursive
descent mythods.

The immnedinte resalt of our echobgue is reduecd
sorape requirement for the symbol fle, along wilh a
worst-cose performance (hat @8 comparable w the
previons method, In Iypical cases, for cxample, when
disk caching is used, much Betes peoionmunes of gur
scheme can be expocted, Morcover, technology s
everlving in favor of oo solutken, As time goes by and
CPU gpecds ingrease Turther in relation 1o disk-2o0ess
tings and transler sptes, our foomal will beeome ¢ven
I Al ve,

Ecpually imsporiant, upivessal symbol liles contain no
target-maching-specific nlommalion, Although pro-

visionag have boen male in the grammor o a1low for the
isclusion of such extendions a8 Deding code procedunes
for a specifie architecture, e basbe formal of s¥mbol
files hat describea a plain Oberon bnterfsee (Lo, e
that does not imponl the feamres of module SFSTEM)
is bilemtteal Do all wachiog s, This i o preeduisie
i symbnl-file portahilily, which @5 likely o bring
abouat hnprovements of erguniaationsl waleee 6
helcrogeness cnvirenments.

."I.:'kmlm'rd,-::ur.'rm:: The awlthor woiuld like bt (hank
Miklzus Wirth for weaching him bow o buibd compiless, sl
far hiz waluahle crilicisms regamling this paper. He alue
gratefully soknowlelpes the contrllotien of the snonyvinoas
referees, whase commenls helped 1o unpove the
prosenttion ol thit nwaterial.
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Appendix A. Format of Original Oberon Symbol Files

SyimFide =  BEGIN MOD kay nam [Elamaeni),

Elnimanl = MO key naenio

COMST 1ype valua narmix

{(TYPE I HOTYPE) typa mad rinm
(AR | RVAR) type Wisnns narme
{FLIH | BFLD Ay oflsel narr:
{FALPAR | VARPARY B adr ndimie

PLIST [Elomanty, } PR Y000, procno names

PLIST [Elemenige) PROGTYP 56, mod

ARRAY typogey mad size
DY MARR bypog e mod siza lerOlf

FLIST [Elemanty,] RECORD fypipsssmod 20 doscno

HOPTH aollson

FLAUP P I8P e
SYETEM typa sysliag,

1

1

I

I

I

I

| POINTER oy mod
I

I

I

I

I

I

I

Mines e seduences of chimmcters lenmdiated Dy 0X, All
other bower case identifiers dengte numbers,

Type definitions nlways precede thelr use, excepl fos
pointer declarations tiat may be part of recursive data
structures, o ilis cose, the podnter is indiially defined o
peind to a0 illegal base wpe, and a Gxup iz made afler

Irrpostod mgdula

constant

fypa, hden ypa

variabls, read-only varablo
figld, reaa-only ekl
paramater, VAR pacanelor
exporfad procadure
pakiler fypa

pracedura fypa

array fypa

dynamis aray e

racord fppe

hichdan poinfar Rl

fix prinlad's declaralion
mark fpa as gpoecial

These are prodelined type sombers o e basle tpoes
BOOLEAN, CHAR, SHORTINT, INTEGER,
LONGINTG, REAL, LONGREAL, SET, STRING,
NOTYE, and NILTYP, the lauer two denoting the
resull Lype of o proper procedure (., oni at retums
o functon sesult) and the pe of the constant ML,

thie definition of the pointer’s base Lype,

Appendix B, Format of Universal Oberon Symbaol Files

SymFia =

Typa

Madida w
[

BasleTypo
QldType
MowTypa

BEGIN Koy [namtgy koye] ™

| COMET [ Typa narma vl | ]

[ VAR { [ADOMLY] Typo name | |

| PROC [ Typay, nama (VAR Typep, nama) END ] |
[ ALIAS | Typa nama | ]

| NEWTYP {Typa| ]

EMD.

BasicTypn
[Modula] OldTypa
[SYSTEM| [HIDDER] NowType

MO D02 ] L T RODGE2
KOO modne

BOOL TCHAR | SHORTINTHINTEGER] .

OLDTYP1 1OLDTYP2 | OLDTYFZ |, 1 OLOTYPE3 .
DY HARA Ty m noima

ARRAY Typ gy, namea intval

PCHMTER Typopse Naime

RECOAD Typey e nams {[ADOMLY] Typegy noma) END
PROCTYP Typygs namo {[WAR] Type,., nama] END

Tha tarminal syrmioals are ardarod as fallows, which sirmplilies the parsing process:

LAOLDTYPOD « L < CLOTY P <« QLDTYP2 < CLOTY™M

< BOOL < CHAR < SHOATINT = INTEGER « LOMGINT

2 AEAL < LOMNGREAL < SET <« STRIMNG « NOTYP 2 NILTY P
< MO0 < MOD2 < MOD3 = ... < MODRZ < MO0

< DYRAAR < ARERAY < POINTER < RECORAD « PROSTYE

< SYSTEM < HIDDEM <« ROOCMLY

w COMET « WAR < PROGC < ALIAS < MEWTYP

< ERD

kay, impered imodulas
consianls

variablas

aEprorfad prococdura g
yps-aliases

fypas nof provieusly ovlpul

bagle vpe
praviotsly dafined
frad eceurancn

e Iyl
D el

bagie typas of Obafan
dafined fmpscily in NowTyoe
anamid aray e

array type

paintar tyea

ragard fpe

procedurs e



