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THE TRANSLATION PROBLIM IN MACHINGS wWITH A HOB-HOECGENROIS STRE.

The translation of en Algoel program consistis basically in the coabinmation of

and that of the trenslation progrea {(the transistor). Unless tha maching s =
ficiontly large fast homogensous store to hold both of thsse bodiss sirmit :
some division of these bodiss becomss BeCossery. Two waye of making this divisdlo
suggest themselves: In the one we atismpt 6o porforar 2 purely sequsatial sesm oy
the source program, taking a smell secticm at o tize. In thbs other we . divide o
translator inte seversl fumecticnal subunite swd 128 theza operate on the complels
aéurca Frogramz or the partislly trenuclated intermedists vorslong of it im tumn.
This latter mothod is them a multisean process. v

In a pachine which hes a sufficiontly lergs Tast store to hold ke ecaplcte
translator and its tablos ths sequentisl method is ¢leerly preferable. Howsver, if
the fast store is mot large snough to hold the translitor the miltigesn wossss 1s

" better. This is because ir a =msquentinl Frocseas the ordar in which reforences grve

made to the various parts of the tremslator is uslmown, since this order depsuds
on the source program. ‘fTherefors, in a sequential procsssy/ve are forcaed o™ Finnl-
taneou ear scan of the source prograz ard alwest randem roferences to all perts
of tho translator. In a multiscan process, en the other hand, the mrt of the trana-
lator used during a particular scsn is fixed snd the only roference to a large bedy
of informetion is the purely linear scan through the partially trenslgted mogTaR,
Por these reasons the Gior Algol Translater will use g miltiscan mothod.

I% is interesting to note that or Gler this cheica is aatirely compatible with
a high tremnslation speed. In fact, the time for tranaferring s program occupying
150 drm tracks into the core store ard back again, as it will be necossery during
each pass, takes only about 6 seoonds. If 10 prsses ars ngseseary the total drum
transfor time will thus be about 1 minute for this rather large progren. It must
be oxpected that the actuel translaticn process will require considersbly more timg
then this, and thus the simultaneous drum trensfer facility in Gier will work to
our full advantage. ’

INTERHMEDIATE I/ANGUAGES,

In g multipass translator the choics of interwediate languages bacomes of prize
importance. The following conflicting factors have to bs considersd: From the point
of view of the individual scans (or traaslator®passes”) great flexibility and a great
multitude of structurss of varying lenzih iz desirsble. Frozm the point of view of

e . . programs which have to perform the packing and vapacking of infermation, which

is necessary during sach scan, uniformity of structure is desirabls. Uriformity is
also desirable for tremszlator checking purposes.

In view of these conaidezations the follewing cempromize has bsem adepted: A1)
intermediate langua ges arc expreszed in terms of basic wnits of informatien each of
10 bits. This unit is cglled a"byte", . = . B , - Thus the
input Yo each pass and the output from it will elways consist of s uniform string
of bytes. Within each intermediate languege sny smsunt of structurs within this

~ byte string may be employed in order to commmnicate more intricate structurss.

Thus, for example, a numbsr in the orizinal Alzol nrogron will in nost of the infSere
mediate languages be represented by 5 consecutéve bytes,the first being a
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"numbor merk” while the remaining fowr supply the actual value of the nuzbar.
Hovever, from the point of view of the genersl pasking and mpacking progrem the
various intermediate longusges are uadistingnishable, sinss thay 81l cornsist of Juot
a unifora byte siring.

By thiz method the mrograms whizh will perform the packing ssd wnpacking of
the intermediate versioms of the Frogrem and whieh will teks them from 2o drus
and store them on the drum will bo the same for all psemes. I afditier slwe o
output from each pass is alveys of e seme form t&s.s;ﬁgat outmt pesrs
used for all pmssss end can be coupled to the eommen peos admimistralics,
will probably facilitate the chesking of the transiater greatly. ‘

REVERSE SCAMS AMD FREOR REYOVAL.

In a mltipass trsmslator it is highly adveatagecus to lot some of the sems
bs roverse geans, i.e. scans vhich stard at the snd of {he progran and nove towards
the begin. First of all the problem of foxverd references elearly is golved compluie
in thies menwer. : In additiom it benowmes easy 1o elimingte syntectically incerrest
Sections of the program during ths translation. This is importent beemuss it is
highly desirable that en error which has been debected does not preveat the treme-
lation process frem comtinuing to cheek the rest of tus program. Ths way of deing
this in the Gier Algol tremslator io ss follows: During the synbacticsl chesk of
the program (pess 3) a specisl byts "statemsnt otart” is cutput at every point where
an Algol statement atarts in the text, If a syatestical error is fownd in o stats-
zmont a speeial byte "trouble® is outpat end the rest of the symbols of the statement
up till the first following semicolon (3) ox end are skipped complotaly. The followir
scan i3 o backward scan. Bvery time this scon finds the byts "trouble” it will akip
all bytes back to the first "statement start™ point. In this way the emplets in-
correct text is removed. At the same time varicus parameters describing the state-
of the franslation are reset to appropriats values to oneble the tremslation to con=
time to translate the following statement correctly.

EREGR SIGNALDNC,

The translator includes an extersive eheeking of the formal correctmess of the
Source program. Every time an srror is found em error description will be produced
in the output from the tremslator. This will include the location and kind of ths
error. The location will be indieatsd by the number of the line in the original
Algol test whore it occurs. In erder to facilitate the idemtification of lines
the first pass of the trsnslatiez will produee a copy of overy 10'th line of the
progran in its output, with the line nmmber inserted at the beginming of the line.
The kind of the error will be deseriled by an appropriate error ES35850,
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STCRAGE OF THS PARTIALLY TRANSLATED PROGRAM.

According to the description givem sbove 21l pesses use ths sarms seneral pass

adzinistration. As far as the individusl pass programs ave ecncermed Hhe general
* pass administraticn is a subroubine with two emtries, cme for imput and coe for iy
In fact these twe eatriss are almest cempletely independsnt since they wse twe in-
dependent buffers in their cemumicatlon with the drum. The gemaral s adminde
stration uses 4 sections of 4C words each in the cove store. Two of thoog 836
a8 buffers for the input to the pass progress, the othor itwe for $hs oalpus fro
the pass program. Hormelly cme of tho input affers holds the Wytas of that seoiis
of the program which is presently beimg procsased by ths pass progran while the
other input buffer holds the mext impmt drum track. Wham 11 the byter on tae
active buffer have busn used the .. : . transfer from drum

of the mext following drum frask is initisted. A% ihe sems tims the PRSS progTEn

can proceed to prosess the input bytos waiting in the other input buffer. A sindlax
buffering technigue is used @ the cutput sids.

' The bytes  packed into the Gier words with 4 bytes in @ word. Tius cue drum
frack holds 160 bytes. The unpaciking (on the input sids) and packing {on the output
side) of the bytos into the words aro performed by the general pass adninistration.
This turne out to be a more tims consuming progess than ths correspondinmg drum trans-
‘fors. In fect the aversge unpacking idme por byte is shout 220 picrosecends, which
means that the unpacking of the 160 bytes cn a track will tske about 35 milliseconds.
This again means that exespt for collisions botween drvm transfers callsd from tho
inpat snd output side the time for doum trensfers will he negligible, owing to tha
porallel opsratien during drum transfers in Gler. Ths time for pecking on ths out-
pat side being about 260 microseconds per byte, the totsl time for the © admi-
nistration of & pass bscomes sbout 77 milliceconds por drum track plus the time
wasted due to collisions of drum transfers, shous 5 millissconds on the averabs.

The processing time por byte of courzs varies greatly, the minimum being .sbout

80 microseconds (direct copying from inpul to oubput) while a normal figure of
perhaps 500 microseconds may be szpsciad. If this holds the pass gdripdigtration

and procossing times ave comparable sad the totel time for 10 prsses will be about

2 sceonds per drun track.

On the drum the traciks holding ths partielly trsnslaied progien gro wied in s
cyclic manner. Probably asout half the drum will bs aveilable for this, visle the
rest of the drum will hold the iransiator and the running system programB. Suppose
that the esvallable tracks are musbered from 1 to N. The first pass will them place
its output in fracks no. 1 to M, say, where clearly M { H. The second pese will
take its input from tracks no. 1, 2, szie. end will place itz cutpul ir tracks
Hel, M2, glc. Yhen cubmut to trsck no. I has been ma de the administration will
continue to.ocutput iato track no. 1, 2, ete. which presumably have now been releasad
by the input sids edminisiretion. This process is continusd emoothly from one pass
to tho next, except for the case that the dirsction of scanning in roveorsed. This
dose not cause gifficulty however, sines the cyclic use of the drun tracks nay
with ogual cesdiaks place in sither AIToStion. only in the Pesteies sict mroor the
packing and unpacking a few changes ave nocessary.
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HACHIRE A/RANGEMENT OF THE GENERAL FASS ADFORISTRATION.

. Algol descriptions of ths gencral pass administrations are Tovmd beliew. The
following netes show the storegs of the tramslstor on the dzum =nd ths wse of tro

- core store during translaticn.
Drumz 320 tracks (40 worde each)

Core store: 1024 words

SLIP Absolute
address addross
0-31  SILIP (symbolic imput program -9  Reserved for SLIP
32- ? Running system : 16- Drum and pecking oin e
16_14‘_ " Forward WS 8ee core stora of partially 'ﬁz‘ﬁl&?l&‘
2el4.  Backward pass {15 =55 b2 {foxward or beckuard ),
3el4  testprimt, print,‘(nw line, : 5549 Base in = o135
entry to message (1 treek total) 56 Input buffer i« 150 used e
4el4  endpass (1 track) 96 " saffor stop ‘“ifﬂ“’fﬁ“{jif“,ﬂ
5614 message (output program,l track) 97-136 Input buffer 2 é/ LRSS WY mmusugs
6el4 - texts for message (1 track) = 1;1 " Bass eut
Tel4-? Pass n - 15&=1TF Cutmut buffer B,K { Mo used fop
?~-? Passn-l| . _ - 172. Buffer stop e
e {l'raxwlator 5 179219 Output buffer o (E9SSAZE
?<~? Passl Programs 21 Buffer stop
? « ? Partially translated 2 2‘53 teatprint, prini, nev line, watry
Algol program to message, waiveraal franzletor
(tracknumbers FIRST to LASP) peranetora '
. ‘  26=  Translastor pase prograss
LASP+1 Teble of strings, formed ' and their tables
=319 during pass 1 999 :
S 960-999 Alao used for endpass
1000 Resexved for SLIP
~-1023%

. Taking the tracks of the drum in oxder,
moaning of the various parta: '

this gives s general survey of the

SLIP is the input progran used for reading the translator into the mechine.

vhen the translator is completed this will of courss become unnecsssary and the come-
plete translator be shifted forwvard on the drum,

The running system is the set of adeinistrative programs and stenderd Ose~
~ dures used by the rumning Algol program, when the translation is compléted. See Gior
Algol Runming System,

Forward pase and dackward pass are the progrems performing the pecking, un-
packing and drum transfers deseribed above in the section on STORAGE OF THE PANTIALLY
TRANSLATED PROGRAM. One of these tracks will be placed from 10 to in ths cores,
Two coparate programs have been written im order to meke sure that this central pro-
ceas runs at the highest possible spesd. The . - Dass program appropriate teo ezeh
soparate pass is transferred to the cores by endpass,
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The track holding ths programs tsstprint, print, new line, and entry to mes~
sage, in addition to certain universal translator parameters, is permemently held
in the core store 220-259. Entry to msszage is used for transferring the messags
printing program from drum. The message program will bes placed ia that one of the
two output bufi’ers which is not currently being used for collecting cutput.

This ocutput tuffer will alvsys have bosa
transferred to drum 'before it is overawritten by msssage and therefore nsed not be
saved. On exit message will only have to make sure that ths output buffer is leflt
vith the correct marks on all words.

The next frack holds the progrsm endpass vwhich is used to perform the tramzi-
tion from one pags to the next. When used this program is transferred to 96@-9"” in
the core store. Endpass doss the following: 1) The last output buffer is filled u:
with dumny bytes until it is trausferred to the drum. 2) Informaticn eboul the - ans
vhich has just been completed is printed. This will always include the nuuber ot |
used tracks. 3) According to & table held by endpass itself the divestion of scun
is reversed if necessary, the appropriate pass program (forward or backwazd) is tran
farred to 16-54 in the cores, and the program for the pass itself is transferred o
locations 261 and following. ‘

' The message progrem is a text printing program. As describsd above it will be
placed in one of the two output buffers when it is nesded. It starts by tvsnsferrirg
a track of text information from the following track to that one of the fwe inmt
buffers which has last been t#ansferred from the drum and which has therafers not
yet been processed. At the end of its work the message program must rostore the
input treck vwhich was overwritten by the text track,

The next section of the drum holds the translation programs proper. This is
followed by the working section of the drum (see the section on STORAGE OF THE PARw
PIALLY TRANSLATED PROGRAM above).

The very top end of the drum is used for holding a table of strings in the Algo
program. This is formed during the very first pass and will reservef as mumch of ths
working secction of the drum as it needs. This is possible during pass 1 becausse the
cyclic use of the working tracks has not yet had the chance of moving to the top of
store (unless the program is too big for the machine).
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ALGOL FPROGRAMS FOR THE PASS ADMINISTRATIONS. -

The follewing Algol descriptione follow the machine codes sufficiently closely
to be of hslp in deciphering these. It should bs noted, first of all, that the input
and output procedures are highly "sneaky" since they use and change & number of non-
local variables, These variables are:

integexr ocutput word address, output byte nmumber, number of used tracks, number of
available tracks, output track, last track, input word address, byte address,
input track; :

boolean in testmode;

integer arrmy BYTE BUFFER[1:5];

dnteger array WORD BUFFER[0:164] ;

The WORD BUFFER is the section in the core store from 55 to 219 (page 4). The five

words placed in between and at the ends of the buffers proper are used *o control

the counting through their maris in Gisr. The marks placed cn the words in the

WORD BUFFER are as follows:

Marils Use of tuffor

WORD BUFFER O
1-40
41
42-81
82
83-122
123
124-163
164

Input 1
Input 2
Quiput 1

Output 2

WOoOmMmMOoOWwWOoO N O

In addition to the non-local varisbles a number of non-local procedures are used.
Hopefully those of them which are not declared may be understood from their identifier

procedure outpat(byte); value byte; integer byte; comment This performs the packing
- and drum transfers of the output from each pass in turn. The algorithm given
works only for a forward pass. ‘The one for backward passes is so similar that it ‘
will not be reproduced. Por further notes, see the section on STORAGE OF THE PAR-
TIALLY TRANSLATED PROGRAM on page 3; '
begin switch packing := pack first, pack second, pack third, pack fourth;
if in testmode then testprint(byts);
output byte number := output byte mumber + 1;
8o %o packing foutput byte number]; ‘ ,
pack first: output word address := cutput word address + 1;
WORD BUFFER ;output word address] := byte;
go to output done; 4
pack second: WORD BUFFER joutput word address] i
WORD BUFFER joutput word address] = 2T10 + byte;
go to output done; _
pack third: WORD BUFFERJoutput word address] i=
WORD BUFFER {output word address]x 2910 + byte;
go %o output dons;
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pack fourth: WORD BUFFERloutput word address] i=
WORD BUFFER [output word eddressix2t10 + byte;
output byte number 3=
if marks of(WCRD BUFFER autput word address ) > O then
begin number of used tracks $= pumber of used | tracks + 13
Af number of used tracks > number of available tracis
then alara(<<{prcgram overflow>, ’stop )3
byte := WORD BUFFER [output werd address];
output track s= outprt track + (if output track = lastirack
then 1 - available uracks
ezlas 1)s
TRANSFER TO DRUM(cutput track)from:(cutput word address - 40);
if marks = 3 fhen output word address := output word address - 8l;

go to.  if this is last them exit from pass glse pack first
- gnd;
output done:
end output;
inteper procedure input; comment This performs the drum trensfers and unpacking

used for inpat to all passes except the first which reads the paper tape. In the
. machine code this is coded as an open subroutine of the fonowing 2 long orders:
ARS (el) t+41  or  PHK (el) t+l
e2 . LA ; HS e2 I4j;
begin byte address = e address + 1;
R := BYTE BUFFER[byte address];
if R = "nonsensebyte” then UNPACK BYTES;
inmt = R
erd input;

procedure UNPACK BYTES; comment This is called every time sn input word must be
unpacked, i.e. once for every 4 bytes input by input;
begin integer marks;
input word address := input word address + 1;
marks := marks of (WORD BUFFER [input word address]);
if marks > O then
begin input treck := input track 4
(4f input track = last track then l-available tracks else 1);
TRANSFER FROM DRUM(input track)tosfinp dinput word address - 40);
if marks = 3 then input wordl address := input word a.ddress - 813
number of used d tracke := number of used tracks - 1
end;
word := WORD BUFFER[input word address];
= BYTE BUFFER[1] := first part(word);
BYTE BUFFER[2] :x second part(word);
BYPE BUFFER]3] := third part(word);
BYTE BUFFER[4] := fourth part (word);
comment BYPE BUFFER{S] permenently holds the value "nonsensebyte";
byte address := 1
end UNPACK BYTES;
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rrocedure TRANSFER TO DRUM(track number)from:(buffer location); cods;

procedure TRANSFER FROM DRUM(track number)to:(buffer location); code;

corment These procedurss transfer the 40 words of a track to or from the 40 words
held in the (RD BUFFER from WORD BUFFER[buffer location] and onwards;

The following procedures use sore further non-local parsmeters:

integer rest of line, pass number, CRcounter, information 1, information 2, pass numbe:

booleagn first print in pass, no running, - . this is lasts

procedure testprint(n); value n; integer n;
begin rest of line := rest of line = 1;
if rest of line = O then new line;
skrv({dddd}, n, skrvml(2));

ond testprint;

procedure print(n); value n; integer n;
begin rest of line := 0;

- okrv({ddddd, n, skrvml(2));
gnd printy

progedure new line;
begin skrvwr; skrvvr;
‘if first print in pass then
begin first print in pass := false;
skrv({d}, pass number);

skrvtekst({<.,});
: end
else skrvml(3);

rest of line :@:= 10
end new line;

grocedure message(n, kind); value n, kind; inteser n, kind;
bezin boolean give up;
Bwitch action := hopsless, seriocus error, error, line number, no line number;
TRANSFER FROM DRUM("messege track")to:(if input word address > 41 then 1
q ’ ' 8lse 42);

new line;
£0 to getion kind

hopeless: give up := fruse;

gerious error: no ruming = frus;
red output;

error: printtext( ‘ervor®);

line numbsr: printtext( ‘*iine');
print(CRcounter);

no line number: : printtext(n); comment printtext is a procedure which prints
that text in the text list which has the number given as parameter;
TRANSFER FROM DRUM(track in)to:(if input word address > 41 then 1 else 42);
black output; '

wait: if drum transfor in progresa then go to wait;
if give up then stop

end messege;
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end passe

outpat(0);

working boolesn := in testwmoede;

in testmode := falss;

outpat(0); cutput(0); corment This fills the remeinder of the ocutput track
until it has beon transforred to drum. output Jumps to "exit from pass”
when a drum transfer has been completed and "this is lsst” is trusg

this ia last := frus; go to I

exit from pass: new line;

print{used tracks);

if information 1 # O then print (imfosmnticn 1);

if information 2 ¢ 0 then print (informaticn 2);

pess number 3= pass number + 1

in testmode := working boocleen;

if in testmode then weit;

first print in pass := frue;

marks := marks of(passinformaticn[pass number]);

R t= pass information jpass numtery;

corment The table "pass information™ tells whether the direction of scan shoul
be reversed (maris > 2). Also four addresses are given tslling vhere to find
the new pess progran on the drum and where to enter into it;

if merks > 1 then exchange (ingut track, output track);

TRANSFER FROM DRUM(input track)to:(1);

begin integer track, stors, firast treck, exit;

end;

track := part 1(R);

first track := pa rt 2(R);

store := part 3(R);

exit s= part 4(R);

TRANSFER FROM DRUM(if mavks = OV marks = 2 then forward track else backward

track )to:(psss mechsnism);

track s= track - 1; store := store - 40;

TRANSFER FROM DRUM(track)to:(store);

if track > first track then go to more;

Af input = O then go t9 ; comront This eliminates the filler zeroces;

byte sddress := byte addvese - 1; comment In this wey the last byte will
be repeated;

go to instructionjexit];
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SYMBOLIC HAMES FOR THE WHOLE TRANSIATOR (o-HAMES )

Entry points and parsmeters held as sddresses in instmctions:

el
e2
e3
e4
a5
eb
o7
e8
89
el0
ell
al2

byte address

inaddress (input word sddress snd entry to UNPACK BYPES )

output

(see below)

entry to message
testprint ,
newline snd print
newline

print

outaddress (output word address)

Gensral parameters for translator (are stored at the end of the track holding

print otc. and are initialized %o the
drum). o4 must be defined right at be

o4
ls4
2ed
Jed
4e4
S5ed
Ged
Ted
8ed
9e4

10e4

values indicated when reading that track from
gimning of loading.

holds initial velue
CReounter Q 0 ¢1
number of used tracks QQ 0
information 1 for output of Q 0
information 2 statistics RQ ©
last track - 1 QQ 820 = 1
avallable tracks - 1 QQ 620 -~ elg
input track QR el9 -
output track QA 19
no running (>0 = false) QQ 1 , B3 42 wo q{ shel. I'Ml}\ag
pass numbey aQ 1

el9 + 1

first frack + 1 N 4]




