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MAIN PRINCIPLES OF THE UNIVERSITY OF NORTH CAROLINA

ALGOL 60 PROCESSOR.

Irrtroduction. ,

. . The following notes provtde the background aml an explanation of the main
~solutions of the design of the ALGOL 60 transilstor for the UNIVAG 1105 at the
Un:lversity oi‘ North Carolina at Ghapel Hill, North Carolina. These notes are
; written in December 1961 when t.he translator is still far from completed, Their"

‘main. puryose is t.o serve as a general explanation of the prelind.nary notes on
 the "Algol rurming system" and the "Algol translator" which ave also being
written at this time.
Basio approach. ’
The starting point of the work is the decision to‘ implemeni‘. the comple‘bc“’
; AIGOL 60 language, without exceptions. Owing to the generality of the language
this baa not yet been done anywhere and has been approached in only a few plam
Hoquer, the experience gained in those progects where such an approgch has boon
_made indicates that 1f ‘the problem is attacked in the proper manner a complete o
TA.IEOL 60 processor is entirely feasible, Under these circumstancea this apprmh
would seem to be the obvious one to chosse in a university mstit.ution where
_pm@amming languages already are at the center of the interest.
| ‘l‘ho second major considerat.ion is tha.t of 1imit.ing the sheer bulk of the
lvork of writing the compiler. This has dictated the follow:mg design decisiana:
: } Eo attcmpt is made to proﬁde facilities for the user to run ALGOL programa
V cannot. be held completehr in the core memory of the machine. In other mrda
g which mquire more "then 8192 words of store for instructions and va.rhbln

be handled by t.he basic ALGOL aystem. Work " with such programs w:lll requiro
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constructions in the source program will only be attempted‘in those cases
where the optimisation can be achieved with virtually no extra effort as
- far as the design of the translator is concerned. This means that the com-
plete design will start with a consideration of the most general and com-
plicated situatiohs which are possible within the language. The principal
effort will go into the design of solutionsf:; these situations which are
as efficient ap possible. These solutions will to a considerable extent
be chosen with the availsble machine characteristics in mind. These general
solutions will be used throughout, even in cases where an analysis.of.the '
gource program might reveal that they are unnecessarily general,

The_third major congideration is the spéed of compdilation. Since it
is anticipated that a madof share of the prograhs to be compiled by the
system will be short (student work) and will be used cowﬁaratively little
for runniﬁg it is éonsidered basic that the translator wili work very fast,
particularly on short programs. This consideration is entirely compatible'
with the above mentioned decision to make use of the general solutions even
when . they are not strlctly necessary.

The fourth con51deration is checking. It has been considered essential
that virtually all-errors af syntax and consgistency would be detected by the
system and that extensive error print-outs would be produced automatically

This again has been found to be compatible with generallty. Indesd, the

. uniform, general treatment of all occurrences of each feature of the lan-

'guage has greatly facllltated the deslgn of the run-time error signallng.
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Major divisions of work.
Previous experience has indicated that the above principles of design
dictate the division of the project into two distinct parts:
1. The running system. |
2. The translator.
Further that the logical order of dealing with these parts is the one indi-

\cat,ed. In other words, the focus of the attention is the running system.

The reason for this insistence on the nm—tim events is that owing

4o the complexity of ALGOL 60 it is not at all clear how the control of

the running program will be achieved in present-day computers. It is
obviousy however, 'bhat the running program will make use of a number of
permanent, internal, administrative, programs (or aubrout.ines ) for performing
such tapk; as procedure calls, storage allocation, etc. The generality of
the final system will be critically dependent on the logic embedded in these
administrative programs. Again the structure of the running 4prong' itself |
will of course reflect the conventions of the available administrative
programs.

Now the proper work of the translator is to produce a running program
as its output. This means that it cannot be designed completely before the
exact form of the running program has been established. Since this again
depends on the design of the runnin; system it is clear that the design nms£

start with this latter.
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Main features of the running systenm.
The running system will be d@soribed under é snbheadings as follows:
1. Description and notation. '
2. Storage allocation.
3. Addressing.
| « Procedure enéry.

5 « Own variables,

Description and notation. Although the design of the running system

in its basic feabures has been directly influenced by the characteristics
of the UNIVAC 1105 the primary development and description of it has been
made in a alightly adapted ALGCOL notation. Some features of this notation
are the foiléwing: The core store of the machine has been described in
several ways, éssentially reflecting the fact that the distinction in ALGOL
betwesn the program and the operands on which it works does not exist in
present-day general purpose machines. Thus the instructions of the running
program itaelif are "represented as being the components of an array
array store [some lower bound : some upper bound |

This represenpat.ion‘ is used when an instruction or a parameter within the
running program itself is used as an operand or changed. At run time the
array store will only occupy a part of the core store of the machine, other
parts being ocdupied by the programs of the administrative routines and
the stack (see storage allocation below)

| However, the instruction; of the running program will alternatively be
represented as labelled basic ALGOL sbatements, the absolute address/veing

pictured as a set of unique labels. Control is transferred to an instruc-

tion of the ‘rinning program by means of a g0 to statement to an element of |

a switch:
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switch instruction := instruction 1, instruction 2, instruction 3, ... 3
Basically the task of the translator is to initialize the components of
"store" and a few additional universal variables (such as"first free) see
below) and to transfer control to the corresponding program through the
statement:go to 1nstruction [pome lower bound] .

All variables of a program, including also some variable program parts,
willl be stored as the compoments of another array'

array stack [?tack lower bound : stack upper bound |
This will occupy a part of the core store of the machine which is enxirely
separate from that occupied by "store". The components o;h:hzzazﬁe initially
undefined.

Storage allocation. The recursive procedures of AtGOL 60 dictate a

completely dynamic storége alloéatioh'jfor all variaﬁles. It is well known
that owing to the bracketing character of the ALGOL 60’block delimiters

the logical way of arranging the variable storage is in the form of a stack
(sée Dijkstra, Numerische Mathematik 2 (1960) 312-318). The essential
features of the stack, as this concept is used here, are the follOWing:‘

1. The siack i%iiinearly arranged section of the store in which at any
one time one end up to a certain dividing point has been reserved for specific
variables, while the other end is free storage, ready to be used for any
purpose.

2. The amount of storage reserved in the stack will in general vary
during the run of the progranm. Additiohal regservations are always made from
the current dividing point,'usingathé first free locations. Likewlse cancel-
lations of reservations will only take place at the top of the reserved

section. In other words, reservations and cancellations will treat the
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stack like a push-down list.

3. References to the items held in the reserved part.of the stack are
not confined to the top element, but may be made to any element. The same
holdar for changes ¢f the values of items,

Raseﬁaﬁom will be made at the time of block entries, procedure calls,
- and references to formal parameters called by nams. The amount of storage
reserved #t’ a specific action will be de‘berminegizyuy the translator, mzEspt
partly by the run~time administrative programs. A complete list of the
reservations made at a procedure call is given in "Algol running system"
 page 2. Here the items FIXED FORMAT FIXED ORDER and VARTABLE FORMAT FIXED
ORDER are reserved according to information collected by the translator.
The remaining items are reserved according to information developed during
the procedure éall, at run tims.

The para_meterg needad &t ‘blbck or procedure entry and the administrative
pfogram perfornﬁ.ﬁg the appropriate reservations are shown on pages 1 and |
3 = 4 in "Algol running system". The most important universal parameter in
these programs is the "first free". This defines the current top of the
stack. In fact, the locations stack[first free ] stack[first free + 1],
atack[first. free + 2], «s.. are the first free locatiohs in the stack area,
while the locations stack E‘irst free - 1], stack [_first free ~ 2], etc. are
the last reserved locations. |

Note that the meserved section incl;:‘.daa temporaries. Thié corresponds
to the fact that the translator has replaced all anonymous intermediate
quantities by local internal ones. Note also that reservations are Mda for
certain internal, administrative, quantities. These are the foilowing:
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stack referénce. This ihdicétes'ﬁhere.iﬁ the stack thé entries for the pfe-
vious block ent&eréd into the stack are located.

current address modifier. See sectlon on addressing below.

return address. Thls indicates the place in tstore" to which control should

be transferred when an exit from the present block is made.

ERERERENCE; This indicates the place in "store" where the block parameters -

of the present block will be fOuhd (cf.“referenceﬁ on page l);:

The exact form of most of the other 1tems in the stack will be described:

in various pbaces of "Algol runnlng system®,

Address ing, Since no variables are allocated absolutely at translate
time all references to variables of the program must be completed at Tun-

time. Since the UNIVAC 1105 has no 1ndex registers, and since the use of

, subroutines would be intolerable because of the fast built-ln floating

point operations, the final addressing ifi established by a direct address

modification techniqué. This works briefly as follows: Sinée all vériables
declared iﬁxthe same block head will share fate as far as their existence B
is cohéérnedvthe translator will be in a position to place all of them ¥
relatively to each other, In fact, the reservations VARIABLE TORMAT TIXED B
ORDER shown on page 2 of"Algol iunning system" shoﬁ exactly the order in
which the translato: will place the variables belonging to one block.
Iﬁis means thét in the running code all varibbles belonging to the same
block head canube addreésed compietel§;vexcept for one coﬁmon'édditivé

a9 Qia,
constant. Thiqf%eans that the only addressing work left to the running

G ns <unin t Einh Kima T n a Bos . 1 e k. S i e

system is\the,addition‘of the apprppriate constant td all occurrences of

addresses referring to variables of each particular block head at.esdch entry
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into this block, This scheme requires the following information:

1. Associated with each block a varisble indicating the current absolute

addressing of the variables belonging to the block must be kept. This is

the "current address modifier" placed at reference+7 (page 1).

2. Infomat.im 7w+ gbout which addresses in t.he program belong to
each bleck. 'I’hia is supplied in the form of a aerias of bit words attached
to each block (aﬂdress modification code, see page 1 at referenoe+11+p)
Theae bit words will have one bit for each address of the running program
within the’ range of the block. Clearly this method assumes that the running.
program is’ stored in the same order ss the original ALGOL program. Note also
that ithe're blbcks are nested all addresses inside the inner biocks will

'appear in several a.ddraas modification codes,

As to the efﬁ.ciency of this method note first that in simple pmgrams

, consisting only of one block with no procedures there is no loss of run t:l.me

whatever since eJ.I addresses will be modified once at the start of the pro~ |

: gran;. and never again. Also, sinne the adnﬂ.niatrative codes have been

wr_itten so that unneccessary address modifications are onﬁ.t'oed,programg
which have no reoursi_.va procedure calls and no ura&s with variablé bounds
and in which each procedure is only called in one procedure statement

will aeﬁtlé down in a state irhere no mére modi-fications are nacessary as
soon as all program. parts have been entered once. Thus in- these cases

very ittle time will be wasted on addreas modificationa at run time. ~

The worst cases wlll be prog;rama w:!.th recursive procedurea and/or frequent~ -
1y varying arrey bounds in outer blocks and 1little or no loopinc in inner
blocks. In these cases thers can be no queation of talking about efﬁ.ciency;
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hdwavbr, since there exist no alternative methods for ha.ndling these programs.
It may be of interest to note, hoﬁever, that since the modification of one
single address may be expected to be accomplished by the running administra-
tion in less than the time of a fldating point opera‘bibn,the time needed

for address modifications should never exceed that needed for arithmetic
operations as long as real arithmetics is used. If the imnermost block inclu-
des loops with operations on real variables the situation will be more favorable
gince cne modification will give rise to many arithmetic operations.

Procedure entry. The implementation of procedure statements is based on

well-established principles and techniques. The mathhing of a procedure state-
ment with the corresponding procedure declarations takes place entirely at

- run tims, Referencea from inside the prooednre body to the information supplied

in the call will maka use of 1inld.ng information stored in a set of formal
locations. Theae are initialized at each call of the progedure. Thus, essential-

1y the task of the procedure entry administration is to take the information

given in the actual parameters and the procedure heading and form the proper
oonténts; in the formal locations. The loglic of this transformation process
is described in the table of agtioﬁq ,"Algol rw.ning system® page 12, and the

assoclated programs, pages 13 = 15.

Own_variables. Own verisbles fall outside the range of the principles of

storage allocation described above, Their behaviour when occurring within
recursive procedures is still not finally settled within the language. Here
they are treated as being similar to variables declared in the outermost block

of the program. However, a special area of the sbbre must be set aside for them,
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The translator,

In accordance with the basic approach the methods used for tranalationr
have been chosen with a view to the speed of trenslation, and not with any
congideration of the generality of the method used. For this reason all mMa
based on general symbol manipulation mansuvees, as wall as those based on a
mechanical use of the mtuyntéctic deacﬁ.pt.ioh of the language,have been
rejeoted. |

Iike the running eystem the translator is described mostly in Algol,
although with frequent use of tables describing the logic. In spite of this
it is not intended to make use of any kind of bootstrapping techniques for
transforming the translator code into machine code. Indeed, it is felt that
by far the larger amount of work in writing a translator is the development of
the lopca;l principles and the statement of these principles in a complete
manner, Once this. has besen done the transformation into any specific language
for a machine will be a very minor matter; Bootstrapping only affects the
transformation part of the job. Sian bootstrapping implies a non-negligible
amount of extra work in setting up intermediate languages and translators for
them it is felt that the use of this technique might easlly waste more effort
than it saves. a |

For a discussion of the actual principles used, see "Algol translator",
notes beginning 31. October 1961. Note that since these notes were written
while th%levelopm'ent work was actually proceding there are frequent corrections
or modifications of statements made earlier in the later parts of the text.
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Dependence on other work. New solutions.

Since the main atress in the project has been on arriving at a coguplé’c.ed*
workgble system no particular strees has been pl#ceql on obtaining original.
‘solutions. In fact, the solutions have ‘been shosen from whatever suggestions
were judged to be the best within the framework of the basic approach. The
primary sourcéa are the following:

1., The work of ﬁd.:)kstra and Zonneveld of ‘t.he Mathematical Center, Amster-
dam, The Netherlards. We owe to this group ths conviction thait a complete
system for ALGOL 60 is a praética‘l. piopbsi‘bion and the basic scenning Imethod
of pass 2 of the translator. Referenceaz E.W, Dijkstra, "Bin ALGOL-60~Uber-
setzer fur die X17 Mathematik Technik Uirbschaft Vol. 8, Vienna, Austria
(1961), pp 54=56 and 115-119. B, -Dijkstra, "Making a Translator for ALGOL

. 60'; ' Automatic Prograxmﬁ.ng In.fomation Bulletin Wo, 7, A”’IC, College of
Technology, Brighton, England (1961), pp 3-11.. A‘Lso personal communi.cations
to Peter Naur in Barch 1960 and April 1961, | .
' 2. The work or the group at Ragnecantralen, Copenhagen, Denmark° Jo. Jensen,
~ P, Mondrup, and P, Naur. Also some work of B, Mayoh. The work in this group |

o AR

has influenbed the implementation of the progedure call. Also t.he practical

expeﬁence 'of this group in usiqg a stack at run~time has beeh decisive.

: 'Re:f.ferancesz J . Jensen and P. Naui':b "gn Tmplementation of ALGOL 60 Pfocedure_s" s

BIT 1 (1961), 38-47. J. Jensen, P. Mondrup, and P. Naur, "A Storage Allocation

Sbheme for ALGOL 60," BIT 1 (1961), 89-102; Comm. ACM L, 10 (October 1961)
3. The work of the "Rump Grcup" The treatment of own arrays is essent:.ally

F’ that of Ingerman. Raf° P. Z. Ingemen, "Dynand.c Declarations" Comm. ACM 4,1
| (January 1961) 59—60
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Howevﬁr, during the work some solutions were adopted which as far as we know
have not been described elsewhere. The more interesting ones of these are the
following: '.

1. The addressing scheme (page 7 of the Main Principles). The use of &
direct address modification teohnique was suggeat.ed by John W. Carr, III.

. The scanning logic of pass 2 ("Algol translator"), particularly the
treatment of multiple delimiter meanings, as specified in the table of
delimiter meanings (page 25) and the associated algorithm (page 36=37).

3. The mechanisms for collecting declarations ("Algol translator", pages
9 = 12, with additions pagel7-L8). |

History of project and members of the group.

The project was initiated by John W. Carr, III, Director of the Compu-
tation Center. The work described in these notes was accomplished during July
to December 1961 during the stay of Peter Naur at Chapel Hill. In December the
active members of the group were:

Peter Brown

Robert B. DesJardins

Peter Naur

Miriam Shoffner.

The running system was largely developed during a series of lectures held from
July to August by P. Naur. Suﬁeequenﬂy the remaining members of the ‘gmoup
checked the system out manually by means of spécific examples (§rograms inclu-
ding Ackermann's function and the General Problem Solver by Kmuth and Merner |
and others). #ism The programs for array declarations and the run-time alarm
output were written by Miriam Shoffner. The part of the translator developed
thus far was written as lecture notes by P. Naur from Oct. to Dec.
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MAIN FRATURES OF THF TRANSLATION PASSTS.
Tentatively it is assumed that the translation will include
l} separate scans of the source program, i.e. L} passes, The main
functions of each of these and some of the reasons for this divi-
sion of work will first be described.

Pass 1: Reduction to the standard Algol form. This is a fairly

simple process. It will convert the hardware form of the program

to a uniform internal representation in which each Algol basic

symbol has its unique character. Thls internal representation has

116 different cheracters: 52 letters, 10 digits, 2 logical values,

52 delimiters. In this process typorraphical features (space, change
to new line, etc.) are removed. Algol comments are kept, however. (?)
Nbfcheckigz is attemptgd,‘&owever, in order to determine when the
‘end of the program“ggéabeen%reached a count of begins and ends must

be included. This must take special account of strings enclosed

In string quotes and comments.

" Pass 2: ,Jdentifier matching, declaration collefting, bulld-up

of.constant table, delimiter cinecking. In this pass an identifier

table 13 cémpiled. This will have one item for each disﬁinct iden-
tifier in the program, with ﬁo regard to scopes. In the output from
the pass every identifier will have been replaced by the number of
the identifier in this table, |

When scanning block heads the identiflers declared are compiled
in a declarstion stack. At the corresponding block end the décla~w
rations fér this block are removed from the declaration stack into
the output. |

Literal constants (i.e. unsisned numbers, and strings) are comQ

piled in a list of constants.
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Pess 2, cont'lu.

With the exception of arithmetic, relational, and logical
operators, the consistency of the program with respect to the
occurrence of all delimiters is checked. In additlion, a number of
delimiters, which do not appear in the Alrol teit, are added
(so-called pseudobrackets are converted into proper brackets).

Pass 3: Analysis of simple expressions. This 1s a backward

scan., Using the declarations assempled in pass 2 the meaning‘of

any identifier at any place is now known. The analysis will include
a complete check of the expressions and the conversion %o machine
instruction form.

Pass li: Loading, internal references. In this pass the final

sbsolute addressing will be made. A1l impli¢lt references (for-sta-

k tements,'then, else, etc,) are worked out by the loader from the

context. kxplicit references (labels, procedure identifiers) are

based on a simple symbolic address system.

Discussion. It has been considered basic that only simple
scans would be made, i.e. that in each scan the text of the pro-
pram would be taken in order from one end to the other. Secondly
no restrictions on the order in which the program is writien,
other than those of Algol 60, have been imposed. Thirdly, a
fairly complete checking hés been aimed at. |

These conéiderations force the use of a two-scan process.
Indeed, no complets proceséing of expressions is pdssible in a
one-scan process since the declarations will not in peneral be'
known. Pass 1 and pass 2 might very well be merged. It seems

desirdble to separate the mechine dependent process of pass 1
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Discussion of passes, contid.

and the machine independent pass 2., Again the division of work
among passes 3 and l} is not necessary. The advantage of the

! division-4s that no absolute addressing of the prosram, or eve:
calculation of lengths of code becomes necessary until the loadiig
atage.

The following is a more detalled discussion of various problems,

@ beginning with pass 2.
IDENTIFIER HANDLING (pass 2).
The maln advantages of the present method for handling iden-
infiers are:
1. Identiflers are at once replaced by an internal repre-
| sentation.
ir o 2. The tables used are few and short.
3° The tables are relocatable.
E —~ | li. No sorting is used.

5. It imposes no restrictions on the language: arbitrarily

long identifiers eén be handled.

The IDENTIFIER TA3LE. This table is generated durlng pass 2.

It willl have one entry for each distinct identifler. Even if the
same identifier is used with different meaning in different blocks
the IDENTIFIER TABLE will have only one entry for it. Thus each
identifler may be completely characterized by its number in the
IDEN&IFIER TABLE.

Before the start of translation of a program the 1dentiflers
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Identifier handling, cont'd.

of standard procedures are placed as the first items of the
IDENTIFIER TABLE.
The IDENTIFIFR TARBLE has two parts: 1) the pr&mary words,
and 2) the secondary words.
Short identifiers, i.e. those having 5 characters or less,
only use the primary words. The corresponding secondary word
may be used for holding a part of another long identifler, as
explained below.
Long identifiers use cne primary word for the first 5 charac-
ters, and any number of secondary words, holding L. characters each.
Assuming an alphabet of 52 letters and 10 digits each character
occupies 6 bits. When dealing with groups of 4 or 5 characters
ﬁo gain can be achieved by packing these characters as tightly
as theoreticaliy possible.

Structure of primary words: 3 parts:

I 1) 1 bit: O for short, 1 for long identifler.

AU LA LGN i ST

| 2} 30 bits: For short identifiers: all characters.
" long " : first 3 and last 2 characters.
3) 5 bits: The number of characters modulo 32.

ihiz structure has the following advantages: 1) It will make
spurious coincidences of the primaery words of long identifiers

exceedingly rare. 2) It retains the first few characters, vaich

% ' is useful for error print-out during trenslatlion and the like.

Secondary words. If primery word no. n refers to a long

? identifier the first secondary word belonging to this identifier

will also be no. n. Further secondary words of this identifier
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Identifier handling, cont'd.

will have numbers less than n, making use of such positions in
the secondary word table which correspond to short identifiers.
The secondary words of the same identifler, as well as the free

locations in the secondary word tasble,are linked together.

Structure of a secondary word:

1) 2l bits: li characters of the identifiler.

2) 12 bilts: Link fo next secorndary word of the identifier, if
theré are more. For the seccndary word at position q the link
is slways less than g (might be negétive).

Initially the link part of all secondary words with index £ O 1is

set to indicate the immediately preceding word. As long ldentifiers

are added all free words will remain linked together.
Example of'identifier table: For simplicity assume that

each word will only hold 2 characters (not 5 or ). Further assume

thet the sequence of identifiers shown in the left column have

been entered in the table, in the order shown. Then the éituation

will be a8 shown in the right hand columnse¢

Identifiler: Primary Index - Secondary
a Mark Char. No. Char. Link
blb2 -2
¢ ~1 : -2
dld243dly 0 g5 -1
e 0 a 1 1 aly 0
f 1 bl l 2 b2 1
glg2g3sle5 0 c 1 3 a3 1
h 1 ar - 8 L a2z 3
i. 0 e 1 5 gl 0
jije 0 f 1 6 23 S
k 1 gl 10 1 ge 5
mlim2 0 h 1 8 -1
0 i 1 9 8
1 i L 10 je 2
0 k 1 11 9
1 ml I 12 me 11
13 11
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PROGRAM FOR IDENTIFIRR HANDLING.
The program will:
1. Read from.input the letters and digits up to the next
delimiter and form the proper intermal representation.
2, Check whether the identifier is already in the identifier -

table, and if it is not insert it in the table.

3. & In any case exlt .» with a value of the proper
/Nf identifier number placed in i.
The exact structure of the primary word is takes as follows:
(bit 35 is the most significant):
Bit 353 more mark |
Bits 3l to 30: number of characters modulo 32.
- 29 - 2t 1st character
v - 23 - 18: 2na -
- 17 - 12 : 3rd -
- 11l = 6: Lith -
- 5 - 0: 5th -
Structure of secondary word:
Bits 35 to 30: 1lst character
. - 29 - ZLI.: 2nd ‘ -
. - 23 - 18: 3rd -
- 17 - 12: kth -
- 11 - 0O: Link

array word list [l: ]; identifier table [@: ]; secondary ﬂrq: j;
comment Enter here with symbol = letter, showing that an identi-
fier 1s coming; | |
take identifier: n := 03 wofd counter := 0; short := true; word := 03
.Eﬂﬁ k :=1, 2, 3 do
begin
word := word + 6L T(5~-k) * symbol;

n :=n + 1; input(symbol);
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Program for identifier handling, cont'd.

new word:

essemble 1:

agsemble 2:

Af class(symbol) = cdelimiter then
go to assemple 3
end reading of first 3 characters;
lastbutone := symbol; last := dummy; input(symbol);
if class(symbol)=delimiter then |
word := word + 6l » lastbutone;
7o _to assemble2
end:
last := symbol; n :=n + 13
word counter := word counter + 1;
word 1ist[ﬁord cbunterj := 03
for k :=1, 2, 3, It do
begin
input(symbol);
if class(symbol)=delimliter then
go _to assembple 1
word list{word‘counter] 1=
word list E\rord counter] +
6l F(6-k) * lastbutone;
lastbutone := last; n :=n + 1;
last := symbol
end;
£0_to new word;
if k=1 then word counter := word counter - 1;
word := word + bl * lpst;

word := word + 64f2 *1lastbutone;
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Program for identifiler hahdling, cont'd.
assemble 3: word := word +‘(n <n+ 32 % 32)x 2T30 +
(1if n% S then O else moremark);
1 := highest numbar;
search: for I := identiffertable(i waile
I #wordai>0 do i =1 - 1;

if 1 = ( then

begin
N '
’ m ¢= 1 := hichest number := highest number+l;

identifier table[i] := word;
for k := 1 step 1 until word counter do

; soccndary{m}:= secondaryﬁh] +

; vord list[k];

| m=1.nkpart(secondarym})

'L secondary.highest nuﬁber-ﬁl_] 1=

e end 1 =0

els: begin

m = 13
for k :=1 step 1 until word counter go
bagig

if wordlist[k]#

identifierpart(secondary[m])
thaif17=1-1; go to search end
m i+ linkpart{secondary{m})

end fir k
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COLLECTING DECLARATIONS AND SPECIFICATIONS (pass 2).
The functions of this mechanism are:
1. To collect the declarations and specificstions of the program
in a form suitable
a. to be used during the analysis and checking during pass 3,
b. to form the information to be inserted at the end of blocks
and procedureé (appetite, ete.),
6. to form the full specifications of formel parameters, and
d. te construét-the relative addresses of all variables within
each block.
2. To check that no two identifiers are declared twice in the same

block head.

3. To check that full specifications are avaibable for formals,

Structure of the DECLARATION STACK. The above functions are

executed with the aid of a declaration stack, This is a table
operated in a étack 1ike wanner, holding the information supplied
in declarations and specifications. Within the declaration stack
all items of identical nature are linked tOﬂether, formiﬁg a
chain. xltogether 23 independent chains are maintained, one for
each of the combinations marked by an x in the following table:

No type raal integer Boolean

Simple variable, local X x x
s OWn b 4 X x
Array, local X x x
"o, own X X bd
Switch x
Procedure x
<type> procedare, call only X X X
, call and assign x X x
Label b
Formal x
Stop X
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Collecting declarations and specificetions (pass 2). cont'd -
The followin~ table shows the information held in the various
kinds of items and a2 surmested bit assisnment within a 36 bit word:

Identifier Link Other
Bits 135-26 25-16

type b 4 X

array ldentifier X

array bounds X 35-26: number of identifilers
15-0 : - - sgubscripts

switch X x 15-0 : - - expressions

procedure (no type) x P 15-0: symbollc address

type procedure X x 15-0: - -

label b d z 15-0: - -

formal X X 15-0: specification and value

stop x 15-0: kind of stop: 1) Block

2) procedure (no type)
3) type procedure
Notes on the table:
Symbolic addresses are integers aasoclated with procedure identi-
fiers and labels, identifying each of these uniquely throughout
the program. fach array segment wiil give rise to an entry having
one word for each identifier plus one cormmon word describing the
vounds. 3lock begin will cause entry of a stop. Procedure lden-
tifier without type enters two wprds, cne describing the iden~-
tifier, followed by & stop. lype procedure identifiers cause

entry of 3 words: l. procedure identifier linked as call only,

2. stop, and 3. procedure‘identifier linked as call and assirn.

Dynamics of the DECLARATION STACK. Each new declaration will

cause the appropriate wérd to be entered and the corresponding
link to be ub«dated, Alsd s check that the identifier has not
already been declared in thc same block 1is carried out.

Pormal parameters are entsred in a similar manner, Speci-

fications cause the appropriate information to be inserted in the




Algol translator, -11-
2+ Nov. 1961, '

Collecting declarations and specifications (pass 2). cont'd.
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~word already reserved for this formal parameter. This word must
be available (check) s
At block end all entries corresponding to Lhe latest block
are removed from the table. Since this must be done separately Por.
each chain the‘declaratidns will be sorted'éccording to their
—~ nature just by following each chain down to the latest stop.

The information removed from the declaration stack may be trans-

.mitted to the output string of pass 2, as in the p}ésenﬁ descripé
tion.- This will assuﬁe thatjbass 3 is = backward scan.’Alternatchly
it may be transferred to a special table on the drum. If this is
done special account must be taken of the location of the decla-w
rations for each block in this tsable in such a manner that in the.
forward ‘scan of pass 3 the proper declarations may be referenced:

at each block begin.

Example of the use of the DFCLARATION STACK. Consider the

contents of the declaration stack during the pass 2 of the follo-
winb[program:

begln real A, 3,
real procedure P(A, B); value Aj ﬁeal A procedure*B;
begin real C, D;
e
P
end of Pj;
1nteger C Dy

array B, G(l:2, 1: 3]
e

end of program;

The following tables show %he values of all relevant variables, -

including the identifier table and the declaration stack, both

7ust before the scanning of"end of P" and beforo the scannln¢'
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Collecting declarations and specifications (pass 2) cont'd.
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of "end of program".

Initial |Just before |Just before

end of P end of prog.
General variables: v B
current top 1 12 : 10
next symbolic 1 I 5
~ End of chain variables: ' o -
last real ' e 9 2
last integer -1 ' -1 5
last real array -1 -1 8
last real procedure to call o -1 3 3
last real procedure to call and assign-l .5 -1
last dabel ' - -1 11 9
last formal -1 _ 7 -1
-last stop 0 I 0

, Identifler table just before end of program:
jdentifier number 1 2 3 L 5 6 7 8
identifier - A B P C D E F G

, Declaration staclk: o _ u _ _
Ttems 1 to 3 do not change between "end of P" and "end of progranm'.

Item no. Identifier 1ink Other Identifier Link Other
number number
1 1 (=A) ~1
2 2 (=B) 1
3 3 (=P) -1  gymbolic 1 v .
Just before end of P Just before end of progsram
Iy (stop) 0  type proc. i (=C) -1
5 3 (=P) -1  symbolic 1 © B (=D) Ly
6 1 (=4) -1 real value 6 (=F)
7 2 (=B) 6 procedure 8 (=3) . ) ' v
8 L (=C) .2 -1 2ident:28ubsc.:
9 5 (=D) 5 7 (=F) -1 symbolic L
10 6 (=E) -1  symbolic. 2
11 7 (=F) 10 symbolic 3

The algorithms for handling the declaratioh stack might
be included at this stage. However, since they are intermixed
with the scanning procedure of pass 2 this latter proéedﬁré wili

first be discussed:




Algol translator. w3
3% Nov. 1961, :
THE SCANNTNG METHOD OF PASS 2.
The scanning method bescribed below is essentially based on
the method used by E. W. Dijkstra (private commmication to P
Naur, April 1961). The basic algorithm of this method is as fai~
lows:
1. Read the source program ﬁp to and iﬁcluding the next
delimitgr. .
25 Perform the program for the interpretaﬁion of thé new
deiimitef;

3., 3o to ﬁbint 1.

In this. procéss it is convenient to exclude the AL3OL deli-

‘miters entering into literals (i.e. unsigned numbers and strings)

from the cless of delimiters. If this is done point 1 may cause
reading of one out of 3 combinations: 1) Delimiter only, 2) Iden-
tifier and delimiter, and 3) Literal and delimiter. As an example

of this method the following stding

afp + 5.83} = w;
would require 5 of the above cycles, the parts read in these cy-

cleg beling:

al p 5.83] 1= W

wae

33 ]

jefore developing the prosrams for the interpretation of

;.

cach of the delimiters the question of sywtactle cnecks durin
nass & will be discuased. Uwo aspects of this will be distinguisied:

microchesing and wacrochecking.
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Microchecking. By microchekking will be understood the

checking of the compatlbility of adjedeht.symbols; Qhen deriving
the appropriate rulés for this it 1is ﬁséful f& intfoduce tﬂe
class of operéhds,’méaning fhe o o conjunction of ﬁhe
classes of (1) Identifiers not followed by'( or E(E) Subséripted

variables (3) Function designators (lj) Expressions enclosed in

™ parentheses and (5) Literals (l.e. unsigned numbers,
strings, logical values). For each basic step of the scan it
| is now passible to define the value of the operand situation
; 28 be-ing an integer desc zribing what has been found immédiately
s ' ' o
| precsding the new delimlter, -accord Jnv to the fOllOWln table:
3 .
: Opérand situation Construction precedlng dellmiter
0 Not operand
1 Tdantifier
2 Subscripted variable o .
3 ‘unctlion designator or orocedu ¢ statement
L Expression enclosed in pareﬁtneues
5 Literal
N

Basic pﬂincipje iOT m;crocnos&lng: Defivc from Lhe xLQOL
syatax *ﬁkormatxon on whe hew in the given s;tuatlon the new
delimiter is c ompatlee WLbn the ov“°atbr éituation;

‘he uéefulness of’ this ﬂ{ sroach is dué to‘the féct that
fFor many combinations t Le situation is irrelevant inwdetermiﬁing
compatibility. For ékamplé ﬁhe LOI wxng are universally 1nédmis;
gible combinations:

S

\ A go to’ Pis| for =/

o v ) o . 4 R
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The scanning method of pass 2, cont'd.

In fact, the following seneral rules hold:
‘The following 16 delimiters can never follow an operandf

Group A,

~ go to if for comment begin own Boolean integer

real array switch procedure string label value

The following 2; delimiters must always follow an operand:

~
Group B,
*/ &1 < & % 3 > 4% = = 4 A then do
~@9 o= step until while ) [ ] |
Of these E will only accept identifier and := will only accept
identifier or subscripted variable.
The following gbdelimiter; may or may not follow an operand:
| Group C. (Lecause of covames ‘O“O“\""‘ﬂ arvey Qeqme,w{-5>
N end else ( |
7

Y . 1he remaiqiﬁgNS ALGOL 60 delimiters all belaﬁg‘to literals:

{ 1
10—

E ' These rules can be derived rigorously ffomvthé syntax of
| ALGOL 60. The ones of group A will be more or 1éss obvious to
anybody familiar with the language. Many of those of 5foup B

follow from the fact that any expression must end with an operand.

Y,

~ The proof of this can be derived directly from the ALIOL 60 syn-

tax.' We must consider the 3 possible expressions'sépafately.
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The scannlng method of pass 2, cont'd.

ulrst arlthmetlc expre.sions..ﬂccordlnv to the sectlon ).5 1 of
vthe \LGOL 60 report the 1ast part of any er ic expresslox
must be a 31mple aritnmetic expressxon; The 1ast paft of this
mustAa term; ‘he Wast part of thls must be = factor. lhe last.
part of tﬂlS must be a prlmary. 3ut since a prlmary 1s an ope—
rand in the sense used here 1t follows that any arlthmetlc ex~

p?e381on ends Wlth an operand. The demonstra+1on for the two

other cases follo"s in a similar Manner . Consequently any ex-

0ress1on ends w1ta an opcwand° Ln qdcltlon tne proof suaows that
the game holds for <term>, <factor>, <imvlicatlon>, Sooloan
term>, <&oolean factor), and <Bo&lcaﬁ secondary).

How it is casy to verlfy from the ALOL 60 synbax that
each of the followinb dellmlters, in any occ’rrence, Wlll be
precedud by one or other of the above menuloned construct10ns‘

7’*/%‘5‘<<=3_>=;-§-;:>\//\Lhen

—

ég step untll while ]

Tn¢s proVes the membersalp of croup 3 for eaeh of these de]lMlu

ters. Far the remalnln‘ ‘members. of *roup B quoted above.

x == L |
an 1nolv1dual 1nvestL”atlon of the various uses of each of taese
symbo s is necessary to nrove Lae membersqlp of group B Unls may,
nowever, bo carrLed thwough in a stralmntforwarc manaera

The above rules are situation 1nuependmnt. iney will ‘serve
Lo cetca a nuaber 01 errors by testunw wnetner the class of the

new aeTlmlter is compet ble w1th tnc onerand 31tuat10n. The fur-

tner mlcrocnecklng will make use of 31tuat10n dependent parametef
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havine the orm of a one-dimensional Boolsan array {a bit word)
accomodating one truth value for each combination of operand and
delimiter which has nct aii.réady been chaecled for. Thus according to
this scheme the action of each deliwitsre ﬁragr&m (i.e. the program associated
with es oh delimiter) will do 3 things: (1) Check that the delimiter is come
‘patible with the‘current situation parameter. (¢} Do whatever action is neces=
sary for this delimitér. (3) Assign a pew value to the situation parameter.

As a simple illustration of this approach condicer the scanning of the following
piece of program:

22553 integer a, b;

Scanning begin will set the situation paramneter to admit a great variety-of

delimiters, in fact all thosé which may appear at the beginning‘of a declae

ration or a statement: go to if for comment begin own Boolean

integer real array switch procedure ; end ( [ =

The appearance of integer immediately restricts the set of admissible successors

to the following: , 3 array procedure

The appearance of , restricts the successors even further: ) H

Tinally thev; again opens up all the same possibilities as existed after begin,
| It should be noted that this does not yet exhaust the possibilities of
microchecking; Obviously this schemé would let such érrors which arise from
incorrectly writing one kind of dperaﬁd at a place where only another is cqrrect
pass by. Example: begin integer 7, b; Hewever, detection of such errors
depends on the meaning of the delimiter, which again depends on the context.

¥or this reason it is convenient to merge the microchecking and the mechanism
for handling the imultiple uses of delimiters into a single unified scheme.

- This will be desecribed next.
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Multiple meaning of delimiters. Practically all delimiters are used

for more than one purpose and the particular meaning of a delimiter must

be derived from the context. This will be handled by means of an extension
of the basic scanning mebhod in combination with the scheme for microchecking
as follows:

The program associated with each delimiter will be split up into as
many programs as thaere are meaningg for this delimiter. Which particular
prograﬁizo be used will be given in the current situation parameter. This
then will now be an integer array with one element for each delimiter, The

delimiter ,
value given for a particularkgill at eny time tell whether this delimiter
is admissible, and if so, what meaning of it is pertinent.

The above scheme is sufficient for the complete scanning of ALGOL €0
declarations except wherve these contain expressions or statements. It is
therefore possible to give complete information on the necessary delimiter
programs. This is included below, in the following form: For each subprogram
for a delimiter the par%iculaf meaning of this delimiter handled by the sube
program is‘Briefiy desaribed,,Theéxdllows, forxthose delimiters which admit
operands, the admissible operand situation (see table page 1llj). Firally
the list of admissible SUCCessors.

gwn L
ownl First symbol of declaration.

Successors: typel.
integer real Boolean

typel First symcol of declaration.
comnal semicolon) arrayl procedurel
type2 Following ouwn
Successors: commal semicolonl arrayl
type3 In specification ‘
Successors: comma 5 semicolor } array?2 procedured
arr
arrayl In dedlaration

Successors: comna? leftbracel
array?2 In specification
Successors: commab semicolon3

PRIV

| S
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‘ultiple meaning of delimiters (pass 2), cont'd.
Séﬁtt nuvwb.b(
switch '
(1’5) switchl First symbol in declaration
. Successors: colonequall
(ry) switch?2 In specification. ,
Successors: commaS semicolon3
procedure
( (,) procedurel In declaration )
Successors: leitparenthesisl semicolon2
‘ (u) procedure? In specification
Successors: commab semicolon3

value
valuel  Following formal parameter parb.
Successors: vommal; semicolor 5
string

stringl  Specification
Successors: commab semicolon3
labsl
labell  Specification
Successors: commab semicolon3
( 18) semicolonl Follovzin%g, type Jeclwat:.on
Operand situation: 1
Successors: geto" ifl forl commentl beginl ownl integerl
reall Booleanl arrayl switchl procedurel semicolon?
endl. leftparenthesis2 eolonl c,olonequalZ leftbracket?2
<16) semicolon? Following procedurg <identifier> .
Operand situation: 1
Sucessor: goto? if2 for2 commentl begin? semicolon®7
,..,ftpare%hesisji nrolon?2 lefthbracket’ colonegual3 codel
(31) semicolon3 Following - - specification.
Operand situation: 1
QUC\.«GS sors: commentl integer3 real3 Boolean3 array2 switch?
procedure? stringl labell go‘ao\&z if)\2 beginkg
semcolonS leftparenthesis3 colon2 leftbracket3
: colonequall fevl  eodd
( 30) gemicolonl Fellowing formel parameter paz't. '
Opsrand situation: O
~ Successors: commentl  integer3 reall Boclean3 array? switch2
procedure? -stringl labell wvaluel
(i&‘) semi.colonb Following arvsy segment
Cperand situabion: O
Successors: Sams as for semicolonl.
(2‘1) semicolond Following valuve part -
Operand situation: 1
Sucecessors: commentl integer? real3 Boolean3 array2 switch2
procedure?2 stringl labell '
(‘L?) semicolon? After dwmmy statement WWM&TWWWWE
. Operand si &ua‘c.:\.on. 0 or 1
Succossors: 3

WMHWW’WWZ
_Depeud MR mobdhing sy stocle(see pasc 3334/

T i . = L
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ultiple meaning of delimiters (pass 23, conbid.
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semicolon8 Following procedure kdemisrfius huading e
Cperand situation: O or 1
Successors: Same as for semicolon 1
cemicolon? In expression (finishing assignment or gobo statement)
Opersnd situation: 1 to 5
Successors: Depends on the matching sypboel in stack as follows:

gotol Like semicolon 7

goto2 or roto3 - - 1 fo A cLLor v see m
colonequal? - - 7 13
colonequal3 - - 1

(iﬂ} semi.colonly Following normsl progedure cell with parameters

* Operand situation: O

o

“Sucessorst Same as for seiricolonT

QiB) semicolonll Following end of procedvre body

Operand situationt: O
Successors: Like semicolonl
begin
‘beginl Statement , -
Successors: gotol ifl forl commentl beginl ownl integerl
reall Booleanl arrayl switehl procedurel semicolon?
, endl leftparanthesisz colonl 1leftbracket? colonequal?
begin2 Procedure body
Successors: Same as for begin 1
5 )
(1q}comma1 Type declaration list
Operand situation: 1
, Successors: comral semicolonl
conmma Array declaration identifier list
‘ Operand situation: 1
: Successors: unchanged
commagd Formal parameter list
Operand sitvation: 1
Successors: unchanged
commal; - Value list
Operand situation: 1
Successors: unchanged
commab Specification list
Operand situation: 1
Successors: cownaS semicolon3
comnab Array segment
Operand situation: O ,
Successor: comma? leftbracketl
- comma? In expression
Operand situation: 1 to 5
Successors: notl -<ifd plusl minusl semicolon? end2 elsel
leftparanthesisl bioperatorl dol colon3 stepl
untill whilel leftbracketl rightbracket3{ comma?
rightparenthesis2 Whewd
Note: This set of successors will be referred to as
the begin of expressicn successors.
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#ultiple meaning of delimiters (pass 2), cont'd.

M e G B M em we W ey wa A e

L e
notl

go to
gotol

gotold.

, ;;»izj-'
if1-

1£2
if3
ifh

for
forl
for?2

comment
commantl

+ e
plusl minusl

plus? minus?2

end -
endl :

<

end2

Anywhere
Successors: plusl minusl semicolon? end2 else2 leftpark
: binaryoperatorl thenl dol leftbracketl
comma7? rightparenthesis2 (no. 7)

Normal statement . ‘
Successors: “Jegin of expression (no. 2)
Following procedure heading :

- Successors: Begin of expression (no. 2)-

Normal statement

Successors: Begin of expression (no. 2)
Following procedure heading
Successors: Begin of expression (no. 2)
Begin of expression

Successors: Begin of expression (noc. 2)
Following else

Successors: Begin of expression (no. 2)

Normal statement

Successors: colonequalli leftbracket5 (no. 22)
Following procedure heading

Successors: - colonequally leftbracket5 (nc. 22)

Anywhere
Successors: Unchanged

' Begin of arithmetic expression

Operand situation: 0 - 5

Successors: notl plus2 minue2 stmicolon? end2 else?2
leftparenthesish binaryoperatorl thenl dol
colon3 stepl untill whilel leftbracketh
rightoracketl comma? righiparenthesis? (nos 1)

In expression,

Operand situation: 1 - 5

Successors: No. 1

Following statement
Operand situation: O or 1
In expression
Operand situation: 1 - 5 ;
Successprs Tor endl or end 2 depend on matching symbol in
stack as follows:

beginclear, beginblock: ¢any string..) endl semicolon?

elsel -(no. 10§.
peginbody: <anystring ..> semicolonll (special treatment)


































































































































































































































































































































