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AB 51p.1 

gY~e ALGOL BULLETIN is produced under the auspices of the Working Group on 
~LGOL of the International Federation for Inforwatlon Processing (IFIP WG2.1, 
Chairman Peter R. King, University of Manitoba). 

The following statement appears here at the request of the Council of IFIP: 

NThe opinions and statements eKpressed by the oontrlbutore t o  this Bulletin 
do not necessarily reflect those of XPIP and IFIP undertakes no 
responsibility for any action that might arise from such statements. Except 
in the case of IFIP ~0cu~ents, which are clearly so designated, IFIP does not 
retain copyright authority on material published here. Permission to 
reproduce any contribution should be sought directly from the authors 
concerned. No reproduce:ion may be made in part or in full of documents or 
working papers of the Working Group itself without permission in writing 
fro IFIP." 

Facilities for the reproduce:ion of the Bulletin have been [~rovided by 
oourtesy of the John Rylan~ Library, University of Manchester. Word-processing 
facilities have been provided by the Barclay's Microprocessor Unit, University of 
Manchester, using their ~uwriter system. 

~e ALGOL BULLETIN is p~bllshed at irregular intervals, at a subscription of 
$II (or £6) per three issues, payable in a d v a n c e .  Orders and remittances (made 
i~ayable to IFIP ) should be sent to the Editor. Payment may be made in any currency 
(a list of acceptable approximations in the major currencies will be sent on 
request), but it is the responsibility of each sender to ensure that his payment 
is marie in a~ordance with the currency requirements of his own country. 
Subscribers in countries from which the e x p o r t  of currency is absolutely 
forbi~en are asked to contact the Editor, since it is not the policy of IFIP that 
anyone should be debarred from receiving the ALGOL BULLETIN for such a reason. 

The Editor of the ~LGOL BULLETIN i S :  
D r ,  C. B. Lindsey, 
Department of Ccomputer Science, 
University of Manchester, 
Manchester, 1413 9PL, 
United Kin~ma. 

Back ntmbe~s, when available, will be sent at $4.50 (or £2.40) each. Homer, 
it iB regretted that o n l y  AB32, AS34, AS35, AB36, AB38.--43 and AS45 o n ~ . r ~  a t e  
currently available. ~e Editor would be willing to arrange for a Xerox copy of 
any individual paper to he made for anyone who undertook to pay for the oost of 
XeroKing. 
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ABSI.0 EDITOR'S NOTES. 

ALGOL 68 Standardlzation 

I mantion~ in the last issue that the proposals to produce an International 
Standard for ALGOL 68 had been to a letter ballot within ISO. This had produced an 
overall majority in favour, and even five coutries willing t o  participate in 
preparing the Standard (W. Germany, Belgium, Netherlands, U.S.S.R and 
Czechoelovakia), but unfortunately two of the would-be participators (U.S.S.R. 
and Czechoslovakia) were not the right kinds of member of the right ISO 
~aittees, and so the project did not get through. There now sees a possibility 
that a further two oountrie8 with the right status could be pereuaded to 
participate, and it is therefore likely that we shall shortly be pressing for a 
second ballot to be held within ISO. 

~LGOL 60 Standardization 

ISO Stank1 1538, "Progra~ing languages - ALGOL 60", was published on 
October 9th 1984. Copies can he obtained through your own national standards 
or~anlsatlon. The new International Standa~ essentially consists of the Modified 
ALGOL 60  ~Lpor~: (a~ previously printed in the Cx~uter Journal), preceded by an 
introductory ~M:ion setting out standards for conformance, etc. 

Surv~ of viable i~lementations 

This issue contains an updat~ version of the survey of viable ALGOL 66 
i~le~ntations, originally published in AB47. It oontains information about 5 
l ~ l ~ e n t a t i o n s  n o t  i n c l u d e d  l a s t  t i m ,  i n c l u d i n g  t h e  f i r s t  o n e  a v a i l a b l e  on  a 
~ i c r o .  I w o u l d  b e  p l e a s e !  t o  h e a r  o f  a n y  c ~ h e r  ~ l e ~ s n t e t i o n e  t h a t  m y  a ~ a r ,  
w i t h  a v i e w  t o  p u b l i s h i n g  a f u r t h e r  v e r s i o n  s c ~ c l ~ .  

you will see, this is again a thin issue, and it has been an awful lotwj 
time since the last one. I am quite willing to publish thicker issues more often, 
but for this I first need the material. I weloomm, indeed I Bollcit (and even beg) 
oontrlbutione oonnected not only with ALGOL 60 and ALGOL 68, but indeed with any 
t~io concerned with the prinoiples of proqramming languages. This in 8uR9o~ to 
he an informal, unreferreed Journal where developing ideas can be aired, but if 
you, the readers, have no ideas to air, then there will he little point in 
continui~ publioation. 

Xn the mlantlml, because issues have been so thin and therefore have cost 
little to print, we have been a~umulating quite significant sue of my. I have 
therefore ~ided to declare a free issue. I.e. everyone whose subscription would 
have ~ired with this issue, or later, will have his subecription e~d:ended ]~ one 
issue (Jo, if you do get a subecription r~tlnder this tiM, it will he because 
~r subecrlption actually expired at ABSO, and it will be one of those red 
"final" ones ). 
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ASS1.1 A r m o u n o m n t s .  

ASS1.1.1 ~ Review : Pro~rmln~ Lanqua~es and their Definition 

ByH. BekIc, 
L~cture Notem in computer Science 177, Sprin~r Verlag 1984 
ISEEi 3-$40-13378--X or 0--387-13378-X 

Bane Bekic, a leading tuber of the IBM Laboratory Vienna, and for ~ ImaEs 
a ~ber of IFIP ~oEkln~ G ~  2.1 and 2.2, died in 1982 (see AB49.1.1). Tttis 
poethumous oolle~tion of ~apers has been put together by his fonmr colleague C.B. 
Join. AlthotM~ he published little in the reoognised cm~utin~ Journals, he m a 
recognlsed authorlt~ on denotational semantics and ~ of h i s  technical reports 
written for IBM Laboratory Vienna were extenslvely referred to by other workers in 
the field. ~ of thesa rsports a re  he re  publlshed in accessible form for the 
first tim. 

• he peter "For~allzation of Storage Properties" aroee from a dissatisfaction 
with the underlying ~Kx~el of the original ~LGOL 68 Repurt. Be pTopo~e~ that 
lo~atlons to hold stow] values e'hould be ~l~g, xrded as having sub-locations for the 
cm~onents, that Z~ez should be a property of nmm rather than of ~alue8, that 
the oo~oe~: "£netanoe of a ~alue" t~s unneoessaJ~, that the l l near iza t lon  of 
mlti-~Limenslonal arralm was superfluous, and ~u(~h else besldes. ~he -~ing 
thing is that this paper was quite unknown to the editors of the Rm~ised ALGOL 68 
Report (oertalnly to th£m editor, at least), and yet all of these dhanges were 
Incorporated in the RmrJ.sion i n  al~ost the me form as he had proposed them. (It 
Shoul~ be noted in general that, t~hers this book refers to ALGOL 68, it is always 
the orlglnal ALGOL 68 Report that is iq~llad. ) 

Several papers refer to shortoomlngs in PL/1, and glve a good description of 
the tectmlc~es used i n  t h e  orlglnal "gDL" formal definition of that language. This 
de£inltion oontalned an operational mmntice based on an e x t r e m e l y  baroque ~odel 
of the maC~Line state (only to be exacted, I suppose, for such a baroque 
language). This gave hin a healthy distaste for operational semantics, and most of 
the r e s t  of the book 18 therefore Concerned with denotatlonal ~tlcs. This 
In~lu~ee a definition of a sub~tantlal subset of PL/i in the denotatlonal style 
(Cliff Jones has adltad out the bulk of the details, but enough is left to show 
how the method worked ) .  However, his main interest was in finding a sound 
~enotatlonal ~Kx~el for nondeter~inac~ and parallelias. 

T~LiS l~ooee~ed In two l~hase8. The 1971 paper "Towards a MathematicJLl Theory 
of Processes" triad t o  r ega rd  the  parallel c~q~osition of the denotations of two 
a~tiom~ as a sat of func1:ions. This paper has been very widely refersnced but, 
unfortunately, it contains a sarlous bug, and several subsequent items in the book 
discuss Its possible fixes. A later group of papers, dating from 1981, examines an 
alternative for~mlatlon of parallelism in which the  composition results in a 
function zeturning a sat of possible outc~es, each carefully IrK~exed by a value 
fro an in~exln 9 set re~ozding a possible merging of the component primitive 
a~tlons. The trsa~nt here im v e r y  sketchy, s inge  Bans was still developing these 
ideas at the t i m  of his ~eath. 
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AB51.1.2 Books Received : An Analysls of Sparse Matrix Storage Schemes 

by M. Vel~horst 
Mathematical Centre Tracts 150, Mathematisch Centrum, Rmsterdam 1982. 
ISE~q 90 6196 242 0 

This is a reprint of a thesis from the Onivereity of Utrecht. It deals with 
an extension, known as TORRIX-SPARSE, of the TORRIX ~trix handling package, as 
developed by the author and S.G. van der Meulen - see Mathematical Centre Tracts 
86). TWO storage ~thod8 for sparse matrices are cohsidered, one in which rows are 
stored with leading and trailing zeroes omitted, and one in which the matrix is 
partitioned into blocks and 8ubblocks, with the possibility that eubblocks filled 
entirely with zeroes need not be stored. Methods of organising lattices to fit 
into one or other of these strategies are investigated, and eTa~les of the use of 
the techniques are given. 

ASS1.1.3 Books Received : Abstractlon t Specification and llqplelmntation 
Techniques 

by H.B.M. Jonkers 
Mathematical Centre Trac~c8 166, Matheuatisch Centrum, kasterdam 1983. 
ISBN 90 6196 263 3 

This is a reprint of a thesis based on research conducted at the 
Mathematical Centre. It describes, by way of a case study, the design and 
i~lementation of a garbage collector for a machine-indeper~lent ~LGOL 68 
i~lementation. Bowever, the prime purlx)se of the work is to explore the 
systematic way in which the garbage collector was arrived at, by wey of a 
specification language for algorithms and data strunturss, and 
correctness-preserving transformations to an efficient i~lelmntation. 

ASS1.1.4 New Journal : Parallel Computi~ 

North-Holland has recently published volume 1, issue 1 of pARaTZ~. 
C0~ING, a new international journal pzesenting the theory and use of parallel 
c~puter system, including vector, pipeline, array and fifth generation 
computers. Within this context, the journal covers all aspects of high-speed 
computing. Its publlcation style is intended to be generally oriented to the 
internatlonal and Inte~isciplinary character of the parallel o0mputing 
~ u n l t y .  

pAR;Lr,r.R'~ C0~OTING features original r e s e a r c h  work, tutorial and re, flew 
articles, as well as accounts on practical experience with, and techniques for, 
the use of parallel computers. 

A free copy o f  PARALLEL C0NMJTING can be obtained by wr i t ing  to:  
North-Bolland, a Division o f  Elsevier Science Publishers, attn: 
Karin van Schouten, P.O. Box 1991, I000 BZ Pmster~m, ~e Netherlands. 
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AB 5 1 , 3 . 1  survey of Viable ~LGOL 68 I~lenentatlons 

~i8 survey, which we hope to republish from time to time as further 
in£ormatlon beo~es available, has been restricted to i~ple~entatlons which 
you can aotually obtain and ume. Eaoh of them has an Identifi~le person or 
organisatlon zesponsible for its maintenance, and has been used on at least 
one s i te other than that where i t  ~ s  developed. 

Hardware Operating Principal 

System 

l q m  o f  

S~sten 
L 

FLkCC I ~  370 
~ l e h l  
Siemens 

IBM 360 
IBM 370 

~ C - I O  
D8C-20 

DBC VAX 

P r l m  

T e l e -  
funken 
TR440 
TR445 

CYBER 205 

ALGOL 6K 

Release I 

OS/VS/~VS 

C~/C~S 
M~S 

OS/~VT 
OS/VS2 
Oe/~VS 
OS/~ 
O~/VSl 

Sublanguage features 

no 8 m  
no 1~ez 

restricted transput 

Principal 

Superlanguage featurel 

e x ~ e p t i o n  baedllng 
F o r t r a n  i n t e r f a c e  

a u t o m a t i c  o~I- for 

any~e 
up ,o ,  d ~ m ~ o  and un~l 

~n 1oop-claus~ 
dlsplao~nt operator 

VM/CMS 

T~8-10 
~0~S-20 

Berkeley 
~IX 4.2 

BS3 

V~OS 2,1 

i~roved transput 
available 

( tmt m ) 

and1, 9_~ aria ~ho!  
sepa ra te  ocqp£1a t ion  
scopes n o t  checked 
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Most of the ooI~ h e a d i n g s  a r e  8elf-explanatorF. "Deviation" m 
that it is possible to write some program, valid and with defined 
meaning both in the given implementation and according to the Revised 
Report, which will provide results different from those defined by the 
Revised R e p o r t .  Under "Money", "nominal" usually means under $200, "yes" 
means a realistic c ~ m r c i a l  rate. ~ Test" means that it has been 
tested us ing  the MC Test Set (see AB 44.1.2 ) and that the i~ple~entor 
claims it ran correctly. In all oases, the people listed in the last 
column should be able to provide further information. 

Devia- Money9 MC 

tions? T e s t ?  

No Yes Yes 

Yes Nominal No 
to 

Univer- 
sities 

o t h e r  features 

load and go version 
available 

very complete checking 
(henoe not-so-£ast 
running ) 

fast zunn ing 
no garbage c o l l e c t o r  

Where to Ob~Ltn i t  

C h l o n  C o r p o r a t i o n  
Box 4942, 
A l b e r t a  
Canada T6E 5G8 

ALGOL 68(:: Distrlbutlcm 
S e r v i ~ e  

cComlpUter Laboratory 
Corn ~hange Street 
CA~RIDGZ CB2 3Qc 
0hired K i n g ~  

R o b e r t  H i l l  
C O ~ t i n g  S e r v i c e  
O~iveEsitty o f  LOed8 
T ~  LS2 9,.1'1' 

D r  R .  G.  B l a k e  

Un ivez~ i~7  o f  Essex 
W£verd~Joe P a r k  
COLOESTER C04 3S~ 
U n i t e d  

~,,.~OL 68C DistrJ.b.ltlon 
,.~rvi~ (see  ~ ) 

D r  E .  F .  X l ~ r t h  
D e l l : .  o f  C o m p u t e r  ~k:.tenoe 
U n i v e r s i t ~  o f  A s t o n  . in 

B l r ~ t n g l ' ~ m  

U n i t e d  K i n g d o m  

mmno Wupper 
Rechenzentrms d e r  

R u h ~ - ~ t ~ m r m i t a e t  
Post£ach 1O2148 
D-4630 BOC~UM 
F e d e r a l  German Repub l i c  

sanno wupper (see above) 



~B 51p.? 

o f  ~ X d w a m  ' o p e z a t i n ~  Principal ! P r i n c i p a l  

Spa Systm Sublangua~o features Su~ezlan~ua~e feature8 

I 
no ILe~ (ewcept bounds in fo~l- 

t . i ~  l m r  ! i declarers 

CCmTROL 
0ATA 
KLGOL 68 

A 6 8 s  

~ 6 8 R S  

T E S L ~  2OO 
( s i m i l a r  

t o  
I ~  3 6 0 )  

CDC 6 0 0 0  
-7000 

170 
~Eie~ 

t y le r  

XCL 2900 

Bone lme l l  
S e r i e s  60 
L e v e l  68 

ZVAX 

UNIVAC 
II00 
series 

Victor 
sirius 
~icot 

N O b 2  
~0s /n~  
SCOPE 2 

NOS 2 
NOS/~ 
SCOPE 2.1 

PNX2 

v~s 

N~TXCS 

9145 

EXEC 
VIII 

NSDOS 

s~rY, n~ ) 
n o  union 
ino B~o 
now 

one tong 
flexibility is an 

attribute of a 
multiple value 

official s u b l a n ~ u a ~ e  
( SI~L~N Notices 
12 S ~ 1977 or 
Informal Intro~t~- 
t ion ~ e n d l x  4 )  

but heap As all~od 

indicators to be 
declared before use 

nos__~ 
s c o p e s  n o t  checked 

no g a r b a g e  oollector 
scopes not checked 

~or~t, unf~n, 

short, ~_R, F t~ 
~o anonymous routine 

texts 
temporary tzansput 
restricted scope of 

arrays, restricted 
balancing 0 res- 
tricted [3[] um~dee 

no tra~ient name 
~estrlctlon 

IC~ ~acroe allow defin-! 
ition of operators in 
machine instruction 

vec~o~ 
in~exable structures 
~ o ~ t t  e lements  of 

array 
no transient r~ 

restriction 

b~__~ of any primitive 
mode 

complex nathenatlcal 
functions 

m~__~ and ~_ 
matrix and vector 

operators 
e ~ c e p t i o n  handling 

n~SS8 ~or a c ~ s s  
t o  nemory-- .mapped 
a d d r e s s e s  

acoess to CPM pried- 
tires, machine 
s u b r o u t i n e s  a n d  0087 
chip featu~s 

u s e s  i n t e r p ~ t e d  i n t e r -  
~ d i a t e  l a n q u a q e  

~ v 3 . a  Money? MC 

t i o n s ?  T e s t ?  

No No No 

No Yes 

No Nominal No 

Yes  Yes  

Yes  Nolalnal 
to 

Oniver- 
sities 
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Other features Where to obtain it 

TRACE facility 
independent coepi- 
lation of routines 
fa~t running 

Yes separate compilation 

Yes  

Yem 

Yes Yes Yes 

Yes No Yes 

14o Yes  No 

very complete 
check£n~ 

fast compilation 
slow running 

modular ~ilat ion 

re-entrant c~pilez 
and object code 

souroe-level s~bolic 
debugger 

French represen- 
tations ( inhibitable 
by praqmat ) 

independent c~- 
pilatlon of 
routines 

increuental c~pil- 
ation with i~ediate 
execution 

my of the missing 
features will appear 
in later releases 

J. Nadrchal 
Institute of Physics 
Czechoslovak Academy of 

Scie~e8 
180 40 PP~A 8 
Ha Slovance 2 
Czechoslovakia 

C o n t r o l  D a t a  S e r v i c e s  
P . B .  111 
RIJSWIJK (24) 
The Netherlands 

Dr C.  H. L ~ d s e y  
De~. of C x u p u t e r  Scienc~ 
d i v e r s i t y  o f  M a n c h e ~ : e r  
~ N C ~ S T E R  1413 9PL 
U n i t e d  K i n g d ~ a  

ICL local sales office 

R i c h a r d  Wend l a n d  
Praxis Systems Limtited 
6 / 7  T r i m  S t r e e t  
5ATH DAI  IHB 
united K ~  

P r o d u c t m  G r o u p  
SPL I n t e r n a t i o n a l  
R e s e a r c h  C e n t r e  
T h e  C h a r t e r  
ABING~ON OX14 3LZ 

Daniel T a u p £ n  
L a b o r a t o i r e  d e  P h y s i q u e  

des Solides 
~i~rsite de P a r i s  XI 
9 1 4 0 5  ORSAY 
F r a n o e  

l t l g o l  A p p l i c a t i o m l  L t d  
3 6 9  I p m r l c h  
COIEHE~LTa~ C04 4BL 
U n i t e d  K i n g d o m  
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~1.4.1 ~lementlng r a n d o m  in ALGOL G9 

b y  C.  H.  L:i.ndemy a n d  I. Domville 
(Unl~ersi~y of Nancm~r) 

i. The Px~)len. 

~ne ~LGOL 68 Revised Report [I] mpeclflem a peeudo-rand~a mmber generator 
that is  to be provided in the standazd-prelt~e. Toe precise fore of this poses 

problems not usually er~ounterod by iuqplementore of such generators. Bere, 
to relish your mory, is the specification 1taken from RIO.2.3.12.k and 
RlO.S.l.b. 

p z o c  L n o ~  ran,Scwa - ( r e f  L ~ a )  L z ~ . l :  
( a  : -  c t h e  n e w  p s e u d o - r a n d o m  L ~ ,n tegraL v a l u e  a f t e r  ' a '  f r o m  a 

uniformly d~sl;r~bul~ed sequence on 1:he ~nterpa~ [L O, L rr~ Snt] o 

c the Feel value correspondtng to 'a" ~co~tng to some ~pptng of 
~nl~graL paLues [L 0, L m~e Snt] into real paLues [L O, L 1) {i.e., 
such that 0 ( x • 1} such 1;hat 1;he sequence of real t,~Lues so 
produced preserves 1She pFo~er~es of pseudo-rundomess and unSfor~ 
d~s~r~bu¢ion of ~he sequence of &ntegraL uaLues o) ; 

L In~ L ~t r ~  t- rotmd (L  m~z t h e  / L 2) ; 

E ~ o c  L random = L zmtl: L n e z t  random (L  ~as~ random)  ; 

R m r  that L (L) is to be repla~ed, consistently, by a suitable nmeber of tongs 
( ] o a ~  ) o r  s h o r e s  ( al~,orts ). 

Bow for the problem: 

a) Unlike most random number generators, we are asked to produce a sequence of 
(0 ( r (m~n¢) rather than of rials. Assuming ~n~ is of the fore 

2n-1, this m we a r e  in the business of producing n-blt words composed of 
random bits. 

b )  A random mmber generator depends on a "seed" which is initialized to some 
value (such as rotmd(~x~n~/2)) and updated after each call of the 
generator. Tim random nmaher produced is some function of the last seed. In 
the case of the generator ne~t random specified by the RR, the random 
produced _~ the new rod, and therefore the seer itself is of mode i n t .  T h i s  
rules out generators of the type proposed by Wic'hmann and Hill [ 2 , 3 ]  in which 
the seed consi~ed of three separate numbers, each producln~ its own 
peeudo-rand~a sequence, these being combined to produce a final sequence 
with much better rangkmness and with a much longer cycle (although not the 
product of the three individual cycle lengths as Wichmann and Hill had 
originally suppoeed [ 3 ] ) .  

c) Now that 16-blt Licros are in c~mon use, one would expect to iqplement ~LGOL 
68 on them. Since the seed is required to be a posltive Ink, this leaves us 
just 15 usable bits and a maximum cycle length of 32768, which is distinc~:ly 
on the short side. One cannot afford an actual cycle length significantly 
shorter than this. Moreover, it is unlikely that a generator with such a 
short cycle will give as good randomness as longer ones. 

d) We would llke to have an algoritt~a that is portable to all Inplemontations. 
• herefore, it must be written in a high-level language and cannot take 
advantage of any special facilities ( such as multi-length arithletic ) 
provided in the order code of the particular hardware. On the other hand, all 

e) 
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s~ch ilq~lementatlone (with a given word ler~th) will then give the sam 
s e q u e n c e  o f  ~ e u 6 o - - - r a n d c m  i n t ~ r e .  

T h e  s e q u e n c e  o f  ~ m m b e r s  r e t u r n e d  b y  ~ r a n d o m  ( a n d  h e n c e  b,y r a n d o m )  i s  
to be derived from ~he sequence of ~n~s. It is not allowed to use a ~ ~d: 
seed to prod~oe the xw81 sequenoe (a long In~ seed can only be used to 
produoe a 10ng ~ sequence ). 

2. Iqpletentation. 

2.1. Types of qenerator. 

The mi~lesl; rand~a n~mber generator is the "~mltlplloatlve o3ngruential 
generator". This t a k e s  t h e  following fOR: 

X,+l  - ( x ,  x p) ~ e 

where X and P are posltlve integere and Q is (usually) a prime number. ~ny value 
of P which gives the roll cycle length e-1  i s  known ml a "priltitlve ~-~t" of Q. 
To decide if a number is a primitive root, the following theorem is treed. 

Thick. Ttte number & ~um a prlmlti~ root of a pElam number P iff 
a ~  0 (,,zxn~to e )  and a ( P ' l ) / e  .~ 1 0 , , x e u t o  P) f o r  any  P r i a e  d i v ~ o r  e o f  
p - 1 .  

w h e r e  X ~  Y ( m ~ u t o  Z)  m Xmc~t  Z ~ Y ~ _  Z.  

TiLts is taken fzm a more general case given by Knuth [4], to which the interested 
reader should refer for a more gke~Liled discussion. 

Two t y p e s  of g e n e r a t o r  w e r e  c o ~ l d e r e d :  

SMC(n/P) Q iS a prime number as clole as possible to 2 n. P is a primitive root of 
Q, choeen to he c l c e e  t o  ~Q. This gives a c~le of length e - 1 .  

0~5(n/P) Q is 2 n and P is an odd power of 5. Moreover, X n - 4xseed+l, and the next 
seed is (Xn+I-1)+4 (the bottxm two bits of X, abd Xn+ 1 are alwalm 01). The 
advantage of th~ ~ethod is that the cycle length is the full 2 n, and that the ~_. 
operation is t r i v i a l  to implement. We needed to implement generators with n equal 
to 15 and 31 (for 16- and 32-bit machines) and 49 (for CDC Cyber machines). 

The following table shows the values of Q and P that were tried. 

OP5 generators ~ generators 
n Q P Q P 

15 215 125. 3125 215-19 171. 172. 175. 176. 182. 189 
.,,32768 -32749 

31 231 125, 3125 231- I  '16339, 46340, 416341, 46342 

48 24~9 125, 3125 2 ~ - 5 9  16777213, 16777214, 16777215 

2 . 2 .  8tretChinq. 

Whereas the Rm, ised Report requires the generator to produce ~ uniformly 
in the range O..n~z~n~, the SHe generators produce them in the range 1..Q-1 so 
that, for exmq~le, in the ~4C(15) geneEatora the ntmber8 32749..32767 axe never 
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genera ted  a t  a l l .  To ensure  t h a t  t he  w a n  v a l u e  o f  t h e  nmabers genera ted  i s  
m~z~nt/2o we need to "stretch" the output of the generator so that the ~issing 
numbers are distributed uniformly throughout the range, and to "shrink" it again 
before the generator is called the next tim. The shrinking formula is 

X n :- seed + ( I  - e n t i e E ( s e e d / s h r f ,  n k e r ) )  
w h e r e  shr ' i ,  n k e r -  ( , ~ ' l ,  n t + l ) / ( ( m O z r £ n ~ + 1 )  - ( Q - l )  + 1 ) .  

The stretching formula is 

he,seed ¢ -  Xn+ I + en~er( (Xn+ I - l ) /s~e~cher ) - I  
~Jhere e ~ . e t , ~ h e r  -- ( Q - 2 ) / ( ( ~ I ,  n1~÷1) - ( Q - I )  ÷ 1 ) .  

2 .3 .  Multi-length ~i~ti¢. 

Obviously, if we multiply an n-bit seed by P, we shall cause an overflow. We 
~ust therefore ~sork to laulti-length arithmetic which, for portability, must be 
¢(xled entirely using ~ aritl~mtic. 

We split the n-bit seed into NEDBITN (the top m - ( n + 1 ) + 2  bits) and LOBf rS  
(the bottom L - n+2 bits). We also provide BfBET~ to hold the overflo~l part of 
the product. This gives, for the 16-bit ~achine, 

- -  m , - 8  - -  - -  I.--7 - -  

Each part is amltiplied by P ,  a n d  a n y  overflows from LOBfTN a n d  NZDBfTS a r e  
cJkrried forward to NIDBfTN a n d  N E B I T N  respectively. I n  all the generators to be 
cons ide red ,  2 ~ • P • 2 m. Thus LOBEE'T~P • 2 n ,  b u t  NfDBrrTN~P m i g h t  e ~ e e d  , tuz£n$ .  
N E D B f ~  i s  therefore d e c r e a B e d  b y  2 m-I beforehand, thu~ effectively using the 
sign bit of an int to allow p r o d u c t s  u p  to 2"m~n~. Finally, we recombine NED~IT8 
and LOBITN into o n e  n--bit v a l u e  i n  LOBITN. 

The next calculation, to t a k e  the result S (now residing in HfBITS and 
LOBfTS) modulo Q, is not quite so simple. We ~ke use of the feet that Q is only 
slightly less than 2 n ,  and t h u s  S ~o~ 2 n (which is already held in LOBITN) iS a 
good a~3roxi~ation to S ~ Q. 

E e t  q -- 2n -Q  
O ~ e r v e  t h a t  S • 2 n * p  and hence S / 2  n • P 

T h e n  ~ = S+(2n-q)  
( s / ( ~ n - q )  
< ( s / 2  n )  *(1 +q/2 n) 
• S / 2  n + P = q / 2  n ( s inGe e l 2  n < P)  
• ,.,~-2n+1 + P * q / 2  n 
• S+2n.l.2 p r o v i d e d  P : q  • 2 n 

which is true for all the qs c~ne~ered. 

Thus, either S+~ - S+2 n or S+~ - S÷2n+l. 

If S+~ - ,.~-2 n 
Then S ~ Q - S - S+Q"I~ 

- S - s+2n*(2n-q) 
- N ~ 2 n + s+2n*q 

- -  L O B I ~  + NI.BETN*q 
Else ~ = ~ + 2 n + l  

ArM s ~oa  e - s - S - ~ - ~  

a s  s i p .  ~ 2  

- s - ( s + z n + : ) * ( z n - q )  
- s I ~  2 n + s ÷ 2 n = q  - (2n-q) 
" LOBET~ + i l f B I T S ~ g  - Q 

The full algori1~a is given is se~klon S helot. 

3. Teed:inq. 

SirK~e mozf, n t  i s  o f  t h e  f o r e  2 n - I  on a l l  t h e  l a E h i n e e  ~onm~e~K1, we a re  
e s s e n t i a l l y  trylnq t o  genera te  rran~m sequences o f  b i t s .  I t  m t h e r a f o z e  dec ided  
to test the generators by r e ~ d l n g  the late produced as being Made up o f  oc~cal 
d i g i t s ,  and s e e i ~  w h e t h e r  t h e l e  ~ r a n d o m l y .  I n  ~ o f  t h e  t e e s ,  we 
c o n s ~ e z ~  t h e  ]J~c, 2rid, 3z~, e t c .  d i g i t s  o f  each number, and ~ them ~ r ~  
t h e  c o r r e e t x m d i n g  d i g i t s  o f  t h e  s u c c e e d i n g  n u J b e r s .  T h e  f o l l o w i n g  t e s t s ,  b a s e d  o n  
t hose  ~ r : t . . l x ~ l  b y  Wlo~nn and H i l l  [ 2 ] ,  were t r i l d .  

a) Poker test. ~his test beglne by taking octal digits f r m e  five ~ommcutlve 
n u m b e r s  t o  f o r t e  p a k e r  h a n d s  o £  f i v e  " c a r d s " .  The t ype  o f  "hand" ( a l l  
d i f f e r e n t ,  1 p a i r ,  2 p a i r s ,  3 o f  a k i n d ,  f u l l  house,  4 o f  a k i n d  and 5 o f  a 
k i n d )  i s  reoozded.  A f t e r  4800 hands, t he  number o f  o~cur~ences o f  each t y p e  
is  coapazwd with i t s  theoretical e ~ t a t i o n ,  and a X 2 v a l u e  i s  co,uteri.  

b) Coupon o o l l e c t o r ' s  test.  ~nis test  gets i t s  name because we have a " ~ o u ~ n "  
• r l t h  a l l  t h e  ~ L i g i t s  0 to 9 on i t .  For each n t ~ b e r  r ,  ~ , . t L e r ( r / 2 n ~ l O )  
( e £ f e ~ i v e l y ,  t he  £irst  de¢i~Lt d ig i t  o f  r )  i s  (~qputed and the 
oorreepom~lng d ig i t  on the coupon is ticked. When the cou~x)n is o ~ l e t e d ,  
the  l e n g t h  o f  t h e  s e q u e n c e  o f  digi ts is noted ,  A f t e r  10000 m m b e r s ,  t h e  
dlst~Ibution o f  s e q u e n c e  l e n g t h s  is  o0~pa~ed with i t s  expectation (we 
o o ~ , s i d e x ~ d  a l l  l e n g t h s  £ r m a  1 1  t o  7 5 ,  p l u s  a c l a s s  f o r  s e q u e n c e s  o u t s i d e  t h i s  
z~uxje), a x z mLtne :is oeaputed.  

o )  ~ up and do,dn. ' l ~ i s  telrlt: s t u d i e s  t h e  l e n g ' d l  o f  w n o t o n i c  runs  up and ~ o ~ ,  
using Grafton's algorithm [ S ] ,  and ~ m  thought t o  be one o f  t he  most l x ~ e r f u l  
t e s t s .  The  f i r s t  1 0 0 0 0  n t m b e r s  w e r e  tested, 1~o~ucing as1~umte X 2 v a l u e s  for 

up and for runs down. ~tm test m raIpea~ed using, in ple~e of each r, r 
e~clm:(r/2nf10)*2n+lo (effectively, after rsmoving mx~eesive leadlng 

dec~l digits). 

d) .~rlal test. ~ a mluen~e of octal digits, the tri~le~ ¢omencing at each 
position was ~onside~ed, and the depender~y o f  t h e  t h i r d  d ig i t  o f  each 
t r i p l e t  on the 6 4  oomblr~ttlor~ o f  t h e  o u t e r  two m n 4 ~ .  We obtaJu~ 6 4  
distrlbutiorm o f  t he  t h i r d  d ig i t ,  and 64 X 2 v a l u e s  s h o w i n g  h o w  t h e y  d e v i a t e d  
f~ t he  m'd.fozm distr ibut ion expected. These X 2 values were divided into 14 
gzou~m, each ~on~aJJt~ng all the X 2 v a l u e s  i n  a given range, and an c~mrall X 2 
value m cmpu~ed. 

3 .1 .  R e s u l t s  o f  t e s ~ J .  

a )  Poker  t e s t .  

Ist digit 
2nd digit 
3x~I digit 
4th digit 
5th digit 

Va] .ues  o f  X 2 v i t h  5 d e g ~ m s  o f  £ r e e d . ~  
( S t  u R p e r  l i m i t  i s  l l . O ? O )  

SAC:( ]3S/ iSZ ) OPS( 1 5 / 1 2 S  ) 
6 • 136 6. 7 2 0  

O .  7 5 4  6 .  932 
3 • 9 3 7  1 0 7  . 5 6 4  

6 • 9 9 6  1 8 4 9 .  9 0 5  

6 • 8 5 8  1 8 6 0 5  . 7 1 4  
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~ e  figures for  ~ are ent i re ly  r easonab le ,  U aze the f i r s t  2 d ig i ts  of 
0~5. ~ e  disaster in the later  octal d ig i ts  of  0~5 ref leots the fact that,  on 
cazeful examination o f  the algorittm, one sees that the bottom few b l t s  are hound 
to follow a rather sidle c ~ o ] ~ .  ~ h u s  OP5 is not an aoceptable generator, although 
it was not until we began to examine o c t a l  digits u opposed to decimal once that 
this bec~a~ a~arest. 

b )  C o u p o n  o o l l ~ ¢ t o r ' e  t e s t .  

V a l u e s  O f  X 2 w i t h  6 4  d e ~ e e s  o f  f z e ~ d ~ m  
(5% u~r l i m i t  i s  83.672)  

~ c ( ~ s / l e 2 )  m i : (  151176 ) 0P5(15/125)  s~c(31/48340)  0P5(3~/125)  
958.8 956. B 1369 72.64 59.54 

9h~ hi~ figures for the 15-bit generators r~fl~t the diffloulty of making a 
satisfactory generator f o r  a 16-bit machine. ~he 31-bit generator ie en t i re ly  
reasonable. 

c )  ~ u n s  u p  a n d  ~ o w a .  

b l u e s  o f  X 2 w i t h  6 d e g r e e s  o f  f ~ e e ~ o m  
(5% upper l i m i t  i e  12.590)  

d ig i ts  ~U: (15 /182)  811=(15/176) 0P5(15/125)  81gC3(31/48340) OP5(31/125) 
u p  down u p  down u p  down u p  down u p  down 

1 7 . 8 9  1.94 1 .54  1.17 3.07 2 .30 3 .21 2 .89 ! 9 . 22  10.48 
2 4 .10 1.93 1.92 5 .44  0 .80  4.77 1.22 4 .17 18.55 2.63 
3 4 . 5 2  6.41 1 .51 1.31 2.23 1 .80 1.65 5 .26 12.50 8 .19 
4 3.48 12.59 3 .54  1.82 9 .12 4 ,84  6 .33 6 .49  4.18 5 .05 
5 2 .69 8 ,40 1.83 1 .59 2 .74  4 ,98 3.62 6 .36  6 .25 10.55 

• h e a s  f i g u r e s  a r e  a l l  z m o n a b l e  w h i c h  o n l y  g o e s  t o  s h o w ,  i n  v i e w  o f  t h e  
~ e s u l t s  o f  t h e  n e x t  t e s t ,  t h a t  ~ u n s  u p  a n d  d r a m  i s  n o t  a v e r y  g o o d  t e s t .  

d )  S e r i a l  test. 

Up to th is  point, ~ ( 1 5 / 1 8 2 )  had ~eama~ the best candidate, but on t h i s  t e s t  
i t  p r o v e d  t o  h e  a d i m t e r .  C o n s i d e r  t r i p l e x e s  s t a r t i n g  w i t h  a p a x t : i c u l a z  p a i r  o f  
d i g i t s ,  e . g .  o f  t h e  f o ~  ( 3 , 7 , - ) .  ~ u l ~ o a s  t h e  o b ~  f ~ q u e n o y  w i t h  w h i c h  t b e  
th i rd  d i g i t  takes t h e  va~ lues  0 , 1 , 2 , . . , 7  i n  80 t r i a l s  is 

6 17 I 0  9 I 1  8 9 10 
Does  t h e  d i g i t  I o c c u r  s o  m a n y  ~ o ~ e  t i m e s  t h a n  e x p e c t e d  b e c a u s e  o f  a z m o n a b l e  
sampling e r r o r ,  or d o e s  the pair 3,7  re&fly p r e f e r  to be follo~] by a 1? If, 
after e~alning triplets starting with all 6 4  oombi~tione of two digits, we find 
that unnsu&liy high fr@quen¢ies like 17 turn up un~=ndly often, then 
something is c l e a r l y  wrong with the generator, m e  following h i s t o ~ I  s h o w s  how 
o f t e n  t b e  vaz ious  f r e q u e n c i e s  t u r n e d  up i n  t h e  S~ : (15 /182 )  g e n e r a t o r .  I t  
s h o w s  the binomial d is t r ibut ion which these frequencies s h o u l d  l a v e  f o l l o w e d .  The 
d i ~ r e f ~ m c y  i s  obv ions .  ! 

! 
I |  
I |  

I I I 

I l l  I 

I I I I 
1 I 

| I l l l  
I I ! l  I I 

I l l  I I  I 
I I  I i I 

I 
I 

I I 
I 

! 
I 

I 
I I 
It( | .  J 
i I l .q l  ~ I I I'l'l'l'l'll  I , , I , |  
: l l m I l ,  l , l  f i l l  ,,, 

a n  s i p .  14  

The X 2 WLlUe~ y i e l d ]  by  t h i s  t e s t ,  and g i ven  i n  t h e  f o l l o w i n g  tabZe ,  show 
the e x t e n t  to ~hloh the ob~rved d is t r ibut iou o f  t h e  f ~ e q u e n o l e s  d i f f e r e d  f ~  
the binomial one. &f t :e r  t ] m  f a i l u z e  o f  814[:(3.5/162), v a ~ i c ~  o t h e r  primit ive ~ 
o f  32749 ~ere  t r i iK~ ,  U t h e  t a b l e  s h o w s .  

V&lues o f  X 2 with 13 degrees o f  f r ~ o m  
( 5 t  tqR~er l i m i t  i s  22.362 ) 

~ ( 1 5 / 1 7 1 )  /172 /175 /176  /182 /189  OP5( 15/125 ) 
1s t  d i g i t  55 .44 27.78 34.42 33.87 959.42 50.52 48.56 
2rid d ig i t  7 9 . 0 3  4 3 . 5 6  5 5 . 2 8  4 0 . 5 9  7 6 1 . 0 6  6 4 . 0 9  4 8 2 . 4 7  
3z~1 d ig i t  4 1 . 1 4  4 9 . 8 9  3 1 . 8 4  1 4 . 2 7  1 3 6 . 5 3  4 3 . 0 2  2 4 2 2 . 0 0  
4 t h  d i g i t  3 1 . 9 2  1 6 . 0 6  1 4 . 5 8  1 1 . 4 8  2 7 . 6 2  3 6 . 7 7  3 8 8 . 3 1  

~ ( 3 ~ 4 ~ 3 3 9 )  / 4 6 3 4 0  / 4 8 3 4 1  / 4 6 3 4 2  8 M C ( 4 @ / 1 6 7 7 7 2 1 3 )  / 1 6 7 7 7 2 1 4  / 1 6 7 7 7 2 1 5  
1s t  d i g i t  10.44 9,66 995.20 10.52 12.21 22.00 12.23 
2rid d i g i t  12.23 8,25 1086.84 13.17 5 .52 7 .86 2 .94  
3 ~  d i g i t  13.41 8.80 971.53 8.17 7 .00  12.16 10.12 
4 t h  d ig i t  11.30 21.06 1011.64 7 .86 
5 t b  d i g i t  8.33 8.87 1058.87 10.67 

The table slx~s how every p r im  n u ~ e r  m m  to l a w  i t s  saver|ok p r ia i t i ve  
root ( a n d  a l s o  the fact that the OP5 generator d e g e n e r a t e s  into a c y c l e  i n  i t s  
latter d ig i ts  sho~m up cleazly). 9he generators f i n& f l y  oh~en ~ r e  SNC(15/176), 
~ ( 3 ] ~ 4 6 3 4 K ) )  and 8 M C ( 4 8 / 1 6 7 7 7 2 1 5 ) .  ~ h e  h l m t ~  b e l o w  i s  f o r  ~ ( 1 5 / 1 7 6 )  a l ~  
may be c~azed  to that s h o w n  f o r  mQC(15/182) a b o v e .  

I I 
i { '  

I1' 1 I 
I I t l  .,,,l,t',l,l, 

tt111 i I i  ~! I I ;  
I I i 1 ,  

I I 1 ~ ' 1  i 

, I ' ; :!11, 
]lllhl,l:lll,l'h l' iik'E'lt't;l'l'll l l l l l l l J l  I~ 

i i i i 1 | 1 1  , 

!1 ,,,1,,1,1 
4 .  z l t l  r e n d c m  n m d ~ e ~ s .  

r ~  r a n d o m  i s  ~ q u i ~ d  t o  ~ t u ~  a ~ I  n ~ b e r  r ,  0 . 0  • r c 1 . 0 .  We o o u ] d  

r m Ira~'~ 
but the nmaber of  s igni f icant b i t s  in a ~ is l i ke l y  to be more than the mmber 
o f  b i t s  in an In t ,  and 8o the leas signif ioant b i te  of  r w i l l  not a~i3eam very 
ran~m, we therefore used 

r - ~ / Q  + o~dsewd/Q z 
thus constru~tlng r out of  two ran~om integex~s. 
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5. The algorltYm expressed in ALGOL 68 

pEOC~ ne~?'cmdom - (xof JJmk 8eed)Ee4Llz 
Oo reFer,  o n  . f o r  16-bf,1; machf, n e .  

df, f . f e r e n c e s  f o r  32- and ~ - b ~  Irx~ch~nes gf, uen be't~,~een • . . . • .  
o o  

oo  n - 1 5 ,  ~,-7, m-8 oo  • n - 3 1 ,  Z,-X5, m..,16; n - ~ 8 ,  Z.-24, m..,24 • 
i n t  l~r,x)I, - 128,  # 327768; ~6777216 • 

1;uom - 256 ,  # 65536 ;  16777216 • 
p m ; 7 6 ,  • 46340 ;  16777215 • 
Q . 3 2 7 4 9 ,  • 2 1 4 7 4 8 3 6 4 7 ;  281474976710597  • 
q - 19, • I; 59 • 

sh r f ,  n k e r  - 1 5 6 0 . 3 8 1 ,  • 7158 '27882 .334 ;  4 6 1 4 3 4 3 8 8 0 5 0 1 . 6 1  • 
s l ~ re$che r  - 1 5 5 9 . 3 8 1 ,  • 7 1 5 8 2 7 8 8 1 . 6 6 7 ;  4 6 1 4 3 4 3 8 8 0 5 0 2 . 5 5  • 

Ioc In t  s := seed; 
s +:- ( l-entier(s/ehr~nker)); 
z e a l  Z, s h a ~ . f o f r u n d  - s / ; l / Q ;  

l n t  l.ob~l~s z -  s + *  Cuo~ * P;  
l o ~  i n t  m~db~¢e : -  (e+~uo~ - l ~ x ~ , ) * P  + ~,obf,1;s+l;~o~,; 

medb~s + * z -  '~uom +~-- P*~uo l , ;  
hSb~,'~s +:- medb$~s+~om; 

i f  s(O then  s + : -  G f i ;  
Eeal rand - seed/Q + ishalfofrand; 
seed :- s + e~A:ler((s-1)/s~refcher) - I; 

rand 

end 

6. Conclnsions. 

A pseudo-random number generator for 16- 32-- an(] 48-bit sachirms, in strict 
conformance with the requirements of the Revised Repor t ,  has been presented. The 
versions for 32- and 48-bit machines are entirely satisfactory; that for IG--bits 
is m a t  less so ( suggesting that a fully satisfactory 16-bit generator 
strictly within the ALGOL 68 specification may he unachievable). Further details 

discussion may he fourM~ in reference [6]. 
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AB51.4.2 I n t e r a c t i v e  Algolb8 
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How many non-computing departments have f a l l e n  f o r  the b a i t  o f  
an "easy" s t a r t  and are now teaching t h e i r  s tudents  BASIC as a 
f i r s t  programming language ? And h ~  do we answer co l leagues even 
in  computing who scorn the "unnnecessary complex i ty "  o f  A lgolb8 ? 

AB readers can noH r e p l y  t h a t  t he re  i s  an a v a i l a b l e  Algol68 
(subset) implementat ion in  which a l l  one has t o  type i s  

1+1; 
and the answer 

2 
N i l l  be d isp layed inmed ia te l y .  Where one goes from the re  depends 
perhaps on the audience, but hardened programmers seem t o  be 
impressed by the f a c t  t h a t  a f t e r :  

PROC f e r f e n t  = ( S T R I N 6  f r u i t ) S T R I N E :  

I F  f r u i t  : " h ® s "  THEN 

E L I F  f r u i t  = " g r a p e s "  THEN 

E L I F  f r u i t  = " a p p l e s "  THEN 

ELSE 

F I ;  

one has on ly  t o  type:  
f e r m e n t ( " a p p l e s " ) ;  

t o  ge t :  
"Cider"  

"Beer'" 

"Wine" 

"Cider"  

"Try i t  and see !" 

So ~dlat i s  r e a l l y  happening ? The A lgo l  A p p l i c a t i o n s  c c a p i l e r  
i s  a one-pass a f f a i r  in  which forNard re fe rences  are d i sa l l owed .  
In the  i n t e r a c t i v e  vers ion  i t  i s  expect ing a s e r i e s ,  and a f t e r  each 
complete phrase a t  the  g loba l  l eve l  the  newly compiled code i s  
executed immediately.  I f  the  phrase was a non-VOID u n i t ,  the  
r e s u l t i n g  va lue i s  then d isp layed as a s i d e - e f f e c t  o f  the  vo id ing 
demanded by the language. 
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Exac t l y  how the values should be d isp layed i s  open t o  
d iscuss ion .  We have taken the  vieN t h a t  " s t r a i g h t e n i n g "  i s  not 
app rop r i a te  and t h a t  beginners ~ould probably p r e f e r  t o  see the  
value in  more or  l ess  the  same 1:orb as they Nould have t o  type i t  
i n  (a deno ta t ion  or  d i s p l a y ) .  Thus 

[ l I N T ( l ,  2+3, ABS "A" ) ;  

N i l l  be re tu rned  as 
(I, 5, 33) 

and f o r  s t r u c t u r e s  we a l so  d i sp l ay  t h e  T ie ld  names, so 

2 I 3 ^ 2 ;  

gi  yes ( { r e }  -5.0000000000, { i  m} 12.000000000) 

The author  be l i eves  s t r o n g l y  t h a t  REFs should be ident i1 : ied as 
such, so t h a t  the  v i t a l  d i s t i n c t i o n  between 

REAL x = 7; x;  
g i v i ng  

7. 000000000 
and 

REAL y := 7; y; 
gi v i  ng 

[ 6 ]  r e f e r s  t o  7.0000000000 

i s  t he re  f o r  a l l  t o  see. More e s o t e r i c a l l y ,  a1:ter 

t yp ing  

g ives 

~hereas 

gives 

PROC p = INT: 3; 

REF PROC INT r := LOC PROC INT := p; 

r ;  

[14]  r e f e r s  t o  [16 ]  r e f e r s  t o  PRO(: d e l i v e r s  3 

r + l ;  

4 

The a b i l i t y  o f  most cons t r uc t s  t o  d e l i v e r  va lues i s  something 
most languages regard as an unnecessary l uxu ry ,  but in  an 
i n t e r a c t i v e  con tex t  i t  g ives  e x a c t l y  the r i g h t  " f e e l " .  Indeed, 
beginners are most d isappoin ted t o  ÷ind t h a t  

does NOT r e t u r n  

WS 2.1 p lease note ! 

FOR i TO 5 DO i + 1 0 D ;  

(2,  3, 4, 5, &) 
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The compi ler  i s  s e l f - c o m p i l i n g  and uses r e c u r s i v e  descent 
pa rs ing .  The execu t i on  model i s  s tack  based, using separa te  s t a t i c  
and dynamic s tacks  as i n  A1go16BC, and a l l  express ions  are 
eva lua ted  on the  s tack .  At p resen t ,  c o m p i l a t i o n  i s  t o  an 
i n t e r p r e t e d  i n t e r m e d i a t e  code (bear ing somewhat more resemblance t o  
BCPL's O-code than Pasca l "s  P-code) and a l l  ope ra t i ons  c o n c e p t u a l l y  
demanded by the  language are s l a v i s h l y  performed. I f  one uses a 
s t a t e m e n t - o r i e n t e d  programming s t y l e  t h i s  leads t o  some 
i n e f f i c i e n c y ,  s ince  f o r  example a f t e r  an assignment a separa te  code 
i s  issued t o  vo i d  the  r e s u l t .  However by making good use o f  the  
express ion  c a p a b l i l i t i e s  o f  t he  language, a l g o r i t h m s  can be 
expressed q u i t e  compact ly ,  and the  code f o r  the  c u r r e n t  batch 
compi ler  occupies o n l y  30K by tes .  A n i ce  f e a t u r e  o f  s tack  
e v a l u a t i o n  i s  t h a t  i d e n t i t y  d e c l a r a t i o n s  generate no code o the r  
than t h a t  f o r  the  r i g h t  hand s ide  - t he  compi le r  s imp ly  remembers 
where the  r e s u l t  i s  and c a r r i e s  on. 

The ex tens ion  t o  p r o v i d e  incrementa l  c o m p i l a t i o n  was made w i t h  
remarkab ly  l i t t l e  e f f o r t .  E f f e c t i v e l y  the  outermost  b lock  i s  
parsed s p e c i a l l y ,  and the  normal v o i d i n g  a t  a semicolon i s  rep laced 
by a c a l l  t o  execute the  newly generated code. At t h i s  p o i n t  the  
r e s u l t i n g  va lue  i s  on the  execu t i on  s tacks ,  and the  mode 
i n f o r m a t i o n  i s  on the  c o m p i l e r ' s  semantic s tack .  A r e c u r s i v e  
procedure now generates and executes the  code t o  s t r i p  o f f  REFs and 
PROCs one by one, d i s p l a y i n g  t o  the screen as i t  goes (and t a k i n g  
care not  t o  dere fe rence NIL nor t o  deprocedure a comorph!) .  
F i n a l l y  a p l a i n  or  stowed va lue  i s  reached which can be d i sp layed  
and vo ided .  

Another aspect which gave less  t r o u b l e  than expected i s  e r r o r  

r e c o v e r y .  At  t he  beg inn ing  and again a f t e r  each successfu l  
execu t i on ,  a snapshot i s  taken o f  t he  compi le r  and execu t i on  
s t a t e s ,  and a back t rack  i s  performed t o  t h i s  p o i n t  i n  t he  event  o f  
a c o m p i l a t i o n  or  execu t i on  e r r o r  i n  the  nex t  phrase. In  p r a c t i c e  
e r r o r s  causing general  c o r r u p t i o n  are r a r e ,  and i t  s u f f i c e s  t o  
snapshot the  compi ler  and execu t i on  s tack  p o i n t e r s  p lus  a few key 
v a r i a b l e s .  A l t o g e t h e r ,  back t r ack i ng  i s  p robab l y  eas ie r  than 
c o n t i n u i n g  a f t e r  a syntax  e r r o r  i n  a batch comp i le r .  

More t e d i o u s  was a r rang ing  t h a t  t he  d i s p l a y  t o  the  user i s  
c o n s i s t e n t  w i t h  the  c o m p i l e r ' s  v iew of  t he  wor ld .  In the  c u r r e n t  
system, i f  a comp i l a t i on  e r r o r  i s  de tec ted  on a l i n e  p a r t  way 
through a procedure,  a message i s  i n s e r t e d  above the  l i n e  and the  
cursor  moves up t o  the  top o f  t he  procedure ( the back t rack  p o i n t ) .  
One can then use the  " cu rso r  down" key t o  re - submi t  as much as was 
good w i t h o u t  r e - t y p i n g .  A l t e r n a t i v e l y  e x t r a  t e x t  can be i n s e r t e d  

- maybe t o  f i x  up an undeclared i d e n t i f i e r  - and in  t h i s  case one 
has the  s a t i s f a c t i o n  o f  seeing the  e r r o r  message p o l i t e l y  d isappear 
when the  o f f e n d i n g  l i n e  i s  r e - subm i t t ed  i n  t he  c o r r e c t  c o n t e x t  . 

The use o f  an i n t e r m e d i a t e  code n a t u r a l l y  r e s u l t s  i n  execu t ion  
s lower than the  raw speed o f  t he  processor  ( I n t e l  8086) by a t  l e a s t  
a f a c t o r  10. However f o r  t he  i n t e r a c t i v e  user ,  t he  more r e l e v a n t  
comparison i s  w i t h  i n t e r p r e t e d  BASIC, and here A lgo lb8  i s  seen t o  
be f a s t e r  by a f a c t o r  10. I t  w i l l  be i n t e r e s t i n g  t o  see whether 
t h i s  f a c t  can be used t o  woo the  many who va lue  speed more than 
s t r u c t u r e  ! 




