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Introduction

This r.wuorandum connist,:;; of the pJ.811.nins docuraonts which I wrote bofore
startin; the detailed programing of the new Ti t~m Au toe ode compiler; they
arc c;iven in their original form, av0n t:iou,_,h this is not alw:i.ys a correct
description of the compiler s it now is, They have been published here
for two r0asons - first as a doscriptioa of onc possible way to write a
compiler, and second to show the extent to which tho structure of a crn:1-
plicatod program should be worked out before any nctual orders are written.
The sections of the rna,:1orandu;;i ucro wri ttcm in a random order, and there is
considerable cross-refcrcncinc bi.:twe0n theu: the reader is ndviscd to rco.d
t~1er; all superficially before trying to follow the details of any one of
ther. Ho i warned that the toruinoloy used here is not the sate as that
in the i\.utocode raanun.l. Tho v::,rsion of the coe1pilcr described here com-
piles fro utocode into IIT; but in the planning I boro in mind the need
to be able, with as li ttle alteration of tho corpilcr as possible, to com
pile directly into binary in the storr.;.

This m::;ri1orandur:i is not of cour[:;.::: the complotc documentation of the
com:9ilor: there a.re also tho dt::tailed G'.Jecifications of the opon and
closed subroutine in th corpiler, the allocation of B-lines and working
spnco in core store to particular duties and the details of the wny in which
inforr;iation is packed into tlrnrn, and the i'..lctual annotated r.iachine-code program.
ll this, howevo:;.·, describes the c-:.otailcd iElpler.rnnt,::i.tion of particular facets
of the cor.ipilor. It is not reant to be read as a whole, but it enables
anyone who needs to understen a particular section of a prot;rnrn to do so.
Tho principal beneficiary of this is the original programmer himself - either
when he is writing; other sections of the program, or when he is debugging -
and 2ven if one never expects to have to change a program it is a fa.lso
cconory to ckiray on the documen tntion. (Apart from slips of tho pen, the
most common type of error in writing a largo prosrar.1 arises from misrcmcm
bcrinc-: tho .specifications of other G<.Jctions of it. This is also the most
difficult type of error to find, since no indivirl.ual section of the progrw:i
is wrong in itself.)

Tl1c firGt Titan A.utocode compiler was written by M. V. ,,Jilkos and others
as an xaupls of list-processing technique. As is inevitable with any
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list-processing pro;ra, it used a great del of store. Since the main
eupcrvi.so:..· has been plnnned in GUcl1 n w:::,.y ::,..s to run s~,v0rc.1.l progrr.□s Sl□Ul
te.ncously, which nvoids th0 cor,1put,,r lyin~ idlo durin.,-; mn.;:;notic tn;o0 ant.:l
disc trnnsf0rs, it was noce:s.snry to }"'rovido a snall0r compiler; in writinCT
the pr0m:nt compilor small size and bi;h compiling seed have been the
prir.1ary objectives, oven o.t tho oxp01rn.;; of somo lac' of optiniztion in thG
object :')rosr:::J:1 cot]~)il,::::~. It is indepc.-ncLmt of the ::_:>revious com;_Jilcr ex-
cept that the '.'.'.utocodc: paclw.gc' has bcn taken over almost unchnged,
(Thir, is the sct of closed subroutinG,~~ in the obj,Jct progrc.\m w~1ich arc used
to implomcnt LI.3Riu1.Y o..nd similar instruetione. 'l"'hoy ,7.ro thG sar.1,), and
occupy th1..: sNilG fixed aroa, for all object :;;1ro::.;rams; th,)y nrc he;ld in
binary for,:: on me\gnvtic to.pc, aw: ar-:; co.llcd down into the store by tho
fir.st fow ob;..;ye:d orJors of th-.:: obj0ct ::_)rogrnr.1.) i3c..c3.uoc tho Autocodo
package was in existence when I start;:;d :pl:mnin::: thiR compiler, itG spcci
fica.tiom in tl:it: r.i0r.1or.:mdui:-1 e..ro nuc!.1 ;;-:ore specific th::m thor;o of tho rest
of the compiler.

Bcco.uco of th:: condition.s tl1.e.t it hnd to 1:1e0t, tho com}Jilcr dcscrib0d
hero wns dosi[710c1. and wri ttcm in n..s lcw-brow o. r.irumor ns po:;;siblc. ** The
alvntgs of such n pproch are tha.t tho r,)sultine; compiler will be both
smaller and fnstor tlw.n enc writtvn by r.1oro sophi:::;tic-~~t0d methods. Tllo
disadvantages re

(i)

(ii)

that tlw coi:-i::.Jilor is morJ lio.bLi t0 cont::1.in undotoctod orror.s,
since Cf.'.Ch br,nc~1 of it hnc be-c:n writbn inJividually nnd so
thore is no nccsscry uniformity of trantmsnt;
that because the compiler takes a!vantage of incidental features
of th.::: lnncur-.gc fro1:1 which it iG cor,1piling, it is very much more
tircore to alt.r it when tle lngu,e i, moiifid.

It is c;oncro..lly be:li0v0J o..lcc th:,.t a cor:,pilcr of this nort iG ;:'ore lnborious
to write thn on. which uses raorc sophisticntad techniques. ilowever, the
s5, lg.a,Corn:Ei co:ilin. kc?riues sse .-• U H ,._. C,.. ;,._; _.J, ,. ~ '-' ,,.l _ ·_:,_, '..,. .._. -"'-• :J. .._, f 1::,;,l.,.; \,;

Dijlrntr.:i, ,;_;.w. ,.LGOL 60 i'r::-.n,sL:.tion, :-.1,:_:;ol Bulletin SuppL:r::ont No.1O
(1961).

l:io.nde:11, B•.:md ~i1R.::;0ll, L.J. !\.lcol 60 It:1i)lemont.:::.tion. L.P.I.C.
i3tuJfos in Data Proccssin; No.5 (1964).

Ironc, ·,::;. T. ·11l1-:, Structure: n.nd Use of t'.10 S_ynt::x Di.rec t "'d Cor.1pil0r,
,\nnu.:,.l ~10vL.:w in .'..utomntic Froc;ra,;:raing, Vo1.3 (1963).

Brooker, R.A., MacCalum, I.., orris, D., anc1 1:{ohl, J.s. Thu
Compiler Couilor, Annual isview in utornatic
Procr,.i.r,1ming, Vol.3 (1963).
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efficiency of the compile'l object procror.1 does not cepend on the type of
cor:1piler, but only on the arount of effort that has zone into writine it;
the price of better object pro~;rar.1 is just a lnrser pnd slower coi:ipiler.

The character inut routine

in Autocode instruction consists of a string of characters, and the
routines which read nnd edit ench utocole instruction rust obtain the
characters D.nc~ oper:,_te on thera one by one, In principle we could sil:11,ly
read ech character by a 1054 orc.'!er, but it 1-vouJ.j then be necessr.ry to find
the type of the chAr~cter Mi in some cr-.ses (such as shifts) to take special
oction. Inote~c1, nll re'1dinc is done through a subroutine: this supplies
the next effective character, both in intern::.l-co::1e form nnd as classified
by type end vnlue. It .-:i.lso does certn.in necessn.ry book-keeping oper•1tionn,
2.nd copes with error r.iess::tc;es co.used by o. wholly illeg;,.l chnracter - that
is, ::i. chc..r,1cter illee;n.l regardless of its context.

The inforr:w.tion which the subroutine must hold from one entry to the
next consists of three r:mrker rli:.::its n.nc1 the current line number. TI1e
markers are as follows:

(i) Current internal-code shift. This is reset whenever a shift
character or a newline is read.

(ii) Within text, title or option~.l s,)ction not boin::; cor.1pild. Thie
marker is set ·,nJ unset outside the subroutina:i, but is used in
side it. It ;ives e convenient way of dealinc; with those charoc
ters which ,tr2 le,~pl in text or title but iJ.le.:;;o.l otherwise.

(iii) Current line contains effective clL,rnct.::rs. This is oet by rmy
character which corresponds to a printed ybol in the input docu-
aent, n! is unset by 2 newline. It ic used when up:.btinc:; the
current line nurber.

T:ie line nunbcr is held in the for::i 'lirn, 0( ::i.ftcr 12.bel ;3 of block Y ', or
'lino d... of block 'o ' if no l::-.b2l h:1s yet been rend in this block. The
compiler in f:cct holJs two line numbers, one for the next character to be
road an~1 the other for the: hor.td of t:10 current instruction. The first of
these is ndv.:mccd whenever c newline is real an] the last line conto.inccl
cffcctiva chnro.cters i it is reset at the strt of a new block or on Jonlin0
with a legitimate label. The second is set from the first whenever the
cor.1pilor stc..rts to real a new instruction.

To eClch internnl-cod\5 chnr::-.ctor correspond two entries in n look-up
t.-1ble. For a norr.w.l cho.r'"1.ctcr thec;e give its type, which is a positive
hetlf-inteGcr, nncl its value, which is an intet:;ar or hnlf-intccer; for n
cho.rn.cter which ha.s to be treated specially, the typo is replace! by the



13,..· m +:rt odor of the associated open routine, with the signa tr«:; + ile ·l • · ; o ·

dicit set .'.".S .::t. m::trlcer. ',Jb0n thG o...b·vu tine is ontered, it will usu2.lly
use a 1054 order to renc1 the next internr:,1-co,'.:e chr,rncter nnd will then
increo.sc this by 8 if it is in outer set; sometimes, however, thG charac
ter will already hav0 beon re::i:~l I increGseel r.-nJ stored, nnd then it need
only be recovered fror::i tho stor0. In either cetse I the a,pn.rent type nnd
vlue are found fro the look-up table. If tho ty}JO is positive, which
huppens when the chP-rncter is norn,.l, set the 'ch,"c.r::tcter-in-line' marker
and exit. If tho type is ne~:;r.i.tive, 0nbr th;:; etsooci,'.lteJ open routine;
note th::i.t for ·, newline- this routin0 is entered directly fror:i the 1054
order, without .:my t:i.ble look-up. ,Some ch'l.ractcrs re bnorml only be-
en.use tho r.inrker c1i0its or lin12 count need s1nci1."\l tre::.tment; in auch
cases the routinG does this, sets the type nuabor, nnd exitn. Oth,Jrs n.re
abnorm'.ll becr:.us0 thoy may form pctrt of composite: cho..ro.ctero; in this cnse
further ch,J.racter::; must bo rer:d :md if noc,issary (thc.t is, if o. composite
chaructor cnnnot bo formed) stored for later use. For other nbnorm.'.'l.l
charo.ctcr13 the routine Joes .<:my necoss::i.ry book-keeI)inc;, inclu::hng lJossibly
puttine out 7-n error ri10ssn[:;0, .::nd then returns to the st2.rt of the sub
routine in orc18r to reo.d ,':l. further ch--::r'lct-:;r frora the input stro8ln.

Those abnorm:tl chD.rr>.ctcrn which may not pro;luce 2.. normo.l exit, and the
nc tions taken in the corrospondinc routin.:rn, ::i.re listed b'"low. Tl10se
characters do not have a type nur:ibor in the normal s0nso, nn.:1 tho vnlues
ctscribod to the; are nevor actually used by tho compiler.

(i) Chrcters illogal regrllss of context. This includos any
character which in theory cannot nppear in n input stream,
together with 0.3, 3.2, +.0, 7.6 an! 7.7 of inner set and 2.6,
2.7, 3.0, 3.1, 3.2, 3.4 cnl7.6 of outer set. Te routine puts
out rm error :;1-:-s.s::.c-:.:; it @::..y or 1;v-:,y not :,et tho 'ch:1rctctor in
line' marker.

(ii) Chracter illegal except in txt or titL,. Th..:;sc ::i.r-.:: 0.0 :::ind
1.2 of inn;::r s2t -.~n~ 3,6 of out-::-r se:t, Th0 rou.tino axo..mines
tile I in text' arr, nlprococos cs in (i) if this is not set.
If it is s.,t, i3nor2 0,0; for th-.:.- oth<.:r two chnro.ctors

1
sot 0.1

as the ch.-:,_r::.ctz:r r,:-:ad, s-:t the I in line ' marker and exit norally
from the subroutine.

(iii) Ch:::1.rncter wholly ic,nor-::<. These are 0.6 and 0.7 of inner set nnd
0.6, 0,7, 1.4 o.nd 7.7 of out0r not; noto tho.ton th0 lnst of
thc.sc the 'chc.r::ctc:r in lint.:' m!"J.rkcr r.1Ust bo set.

(iv) shift ch2.rr1ctcrs. Those nru 0.4 m1d 0,5 of oith0r sd; they
cc.use the 'interno.1-code shift' marker to bo u,datcd.

There ro two chractors either of which m.::ty be tho first po..rt of n com-
posite che.racter. In cnch co.so we roc.d further charc-..cters ono by one,



testing each to sec if it is the next ono noded to for: tho corrposito
cho.rc.ct,)r. If the cot:1posite chD.r2.ctor is formeJ. thon it is usc::d; other
wise tho initinl chc.r:7.ctcr is uscd an' t'h other ch,'.lrr.-..ctcrs .J.rG storod, to
be used on l~ter entries:

( v) 1 Grol:"'.. t-:,r thc:::.11 • This LJ{::.y be followod by I oqunls' to form 2..

cor.1posite chnr.~,ctt:r w!1icl1 is civon norml type n.nd value.
( vi) 'Arrow 1 • Tis my bo followed by C'.IlO th0r nrrow :md a newline;

if so, thc lino count is incrc~tscd by one ;:,_nd thG cor.1posito
chrctor trcatu? as g space.

Iho other characters which have th ::ir ovm spec i:1.l routines o.ro '..1.G follows:

(vii) Saco nd Tab. Reset the ty:;)0 number ,,nd exit from the .subroutine,
without changinr; the ' ch::i.r:i.ct ,.r in line I marker.

(viii) NGwlino. If th.:.: 'chnr:-.ctor in lin,~ 1 □~rke:r is sot, '\:lv:mce tho
curr(mt lin-J nur-1bcr by one rnd clear tho r,,r.'crkGr to zero. Set
the charcter red to a negative value (for use in text or title),
set th0 t;yi):: m1cbc:r :·:.nd v:,..luv, c.n.1 exit fror:1 the subroutine.

It r12m,:,_ins to clnssif;y those ch:rr.'.'-ct,:rG which produc0 ::,_ norr.1,l exit from the
subroutino, .'"ln<~ to ascribe Vc:lu ..,s to th0n. .Any schcr:ic of cl.1.ssifice,tion is
n con:)ronise betw,:,:n the deiit:::mJs of r,pood cm.d of size, and is to some extent
choson on non-logical grounds. There re in this compiler six types, with
ypo numbers O.O, O.4, ·.., 2.l+; the corresponding chrcctcrs nd values
nro ns follows:

(i)

(ii)
(iii)
(iv)

(v)

Lctt3r, no )istinction b..:::in? r.1-:v.fo b0tw,,cn UJ_)p0r '.cl.1( lower cc.so.
Tho value of any letter is given b; the folloin,, t·bole:

{,. to D 0 to 3
:..:; to tI 33 to 36
I to T -31 to -20
U to Z 37 to 42

Thus fror the valuc of :: l..:::tt..:l' one c ::u1 ii:~uoiL,tcly deduco whether
th0 correspond.in;~ v:-.rii:.. bL:: is injox or flo!7.tinc point, mid wh.::i.t is
the corrcspon?in -line or roister of store.
Di3its. 'rl-10 vc,luc of ..,ny clir;it is the- :~ir;it its31f.
N.::wlinc -~~nJ s...::rnicolon, Tl1L,se: hc:.vo v:1.luos O r:ncl 1 r.::spoctivcly.
Gpac an! tab. These hvc vzlus Ocnd 1 respectivly; but in
fact both hor..:; rud in the previous c:1..sc the: ve,luc is novor used.
Ch-:1rncters which c.'.111 .'.'.1)}.'.JC:-lr insiJo .:m nri tlmctic cx;!rossion.
'11hcr0 arc t;.:n such ch.::i.r,:,.ct0rs, and th0ir v:-:.lu-::s are given by
th.:, followin.:; t::tble:



Suffix ton
?oint
lfounJ bre;_
Roun-1

. k::::t
.Squc..ro brc

(vi) Other characters.
vc..luos:

Colon
Dqu.::us
t- or .-u

-1 .Squ-:tr0 kct 1 .4
-0.'4 Minus 2
0 Plus 2.4
o.4 Stroke 3
1 flstorislc 3,4

Thor0 c1.ro six of those, with tho followinc

-O,I+ Gro:.t,.:r thrm 1
0 Grcatcr than or 1.h+
0.4 oqueJ.s

!.rrow 2

Thesc values have been chosen so n,s to sim;,lify bot!:l table look-up :md tho
discrimin,~.tion of 'colon I or 'oqunls' within th0 typo.

As hns already ppercl fro the description above, the character inut
routine: no,ds n smnll ,?,□ount of worldn·: G•).·.,co in w~1ich it C"ll storo those.__.. .L

characters which hcvc bcen rad fro: the input stream but do not yet have
to be handed over to tho m::-..in input routine; nl it ust lso kcop a count
of those ch:.1.r·,_ctors. 1'h~y n.rc stor..i~: 01K to o. h::tlfword, with the intern.::tl
shift already include! in them. ecuss of th. presence of this buffor of
characters, it is possible to i:lemuent a further subroutine, which honds
back n internal-cole chracter to the input strum; this is done by writing
thll ch:::r:i.ctcr tc the buffor, each rerber of which has to bo pushed :lown a
pl,?..c,.:, ::mJ. incronsinG thG count. It is useful for r;i:.ildni.'; unifon-; tho entry
conditions to some of the other input routines - for ex~•r,1pL,, when r2c1..dinc; an
nri thraetic exprvssion on-,1 or two of whosu ch:,r,:cts:r£J h~we ::·.lroo.dy beon rend
before the ntur of the xpression has bccn recognized.

The routine which rc_,_js on Autoco},:; instruction :m:l checks tho correct-•
ness of :i. ts syntax should be thoucht of as opcratinG in two r.1odcs - one for
reading arithmetic expressions anl the other for r,ndinr_; tho re:st of the
instruct ion. In l)rnc tic-J it is c onvnint to rel arithmGtic 0xp:r0ssions
by 1:ie:1ns of n. clos,d. subroutine with unusually elnborte entry and oxi t
conc1,itions. ~~ .'.:1.rithr:wtic expression. is stor;:;d in compiler working spnco,
wher it cn lator bo dealt with by the tnmsl-:ttion routines. Other parts
of c.n Autocode instruction contin only smnll nr.1ounts of inform:,,tion; this
is -..:i th0r helr:. in B-lin0s or used ".t once to control the O".,ern.tion of the
conpiler. (But thero .".\re, cxcor>tions to thic, Duch '1.S th0" t·,_ble in n. switch
instruction,)

There nro throo iri;)Ort-=-nt wc-.ys in which severl chrcters hve to be
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cor.1bincd to f0ri:1 a singlG symbol; in oo.ch er.ts-:, the trc,:i.tnwn t is d:i.f'fcrent
o.ccorclinG r.s th::.: ch2-r'.1ctcrs 2.r.J inside m arithmetic oxpression or not!

( i) A :;;m:.:scot word. If the first two characters of :'J.n instruction nrc
lGtte:rs, then the instruction 1~1ust st3.rt with n word; this is
read by an opcm routinc which nlso notos th8 t-::rminnting che.ro..ct~r,
nn.:~ is id'.mtifL:d by cor:ipariscn with 't tnbLi. One-.: tho word is
found, it identifies tl12 tylJ.:) of instruction. i\. wor::1 in any other
position outside nn nrithr.10tic C2'.'})r.cssion is predict.".lblc; its
prosonco is ch(.:,'cko:l by n closud subroutine t which my or mn.y not
be sntisficd by o. newline: in.stcn.d, nccod.in3 to context. '.Jithin
8!l nrithnwtic expression, ,'.'.. scquGncc of l..:::ttJrs is both troc..tcd o.s
2 product of variables nd also built up o.s n potcmti.:tl word; on
roe,ching ::t non-lotter, tho cor.1piL,r tests whoth.:::r a function nar;10
h,'.ls been built up, mi:l if so rclces the pro:'tuct of letters by
the function.

(ii) A nunbor. ',Jithin cm o.ri thr.h.:t ic expression this is built up by
ono of three op9n routines, according as the nur.1bor is fixed point,
flontin£:~ ::;ioin t, or in .'.'.Il undct0ri:1inc:..l mod,,. Elsowhere, the number
must bc n int:gr n? well within the rnge of a B-line, so that
the:rc is no difficulty in t-::stinc for overflow; it is red by a
closv.:1 subroutin<1, which hs two ontri;.;s o.ccordinr; as tho first
diit hs already been red or not. The: subroutino notos the
nuribsr formcl, and also the terminatinz chracter; there is an
error cxit on nor-overflow.

(iii) multichrctr identifier. This is read by one of two essen-
tially simib.r subroutines, on of which is uscJ for floating point
and the other for int:ager ilentifiers. ch of thesc hs two
entry points, on,J for wh,::n th,, '.'..st.Jrisk or roint nlonc has been
rend, o.n,.1 tho other for whc·,1 th-.:· l0ttcr followinc it ho.s .tlso been
r0c,J; the firat is !lorm:-:.lly us:;c'. out;:3ick r-.n::l tho s,:cond insi::1c
an arithmetic expression. The identifier is built up in a pair
of halfwords, chrctcrs after the ihth being ignorod; the ter
rinatin ch:ractcr is presorvl for use outside the subroutine.
When the i::lentifi0r is co1c:pLJte, it is cor.1parcd with tl10s0 .:i.lrendy
in the corresponc1inc t;_tb12 i if it is not nlrc~dy prcsont it is
im:,-:rt0d in the: next vcnt position. On cxi t, its position in
the table is t,:ivcn. Thor,..: is .'1...!'J. s:::rror oxit if tlrn identifier is
not in the table c.nd th0ro iE: no room to insert it.

There o.ro other W(:..ys in which several internal-code chractors my be con
bined, for example to form '>', but thes are dealt with ! hoc in the cho.r.:;,.c-
tcr input ,subroutine. -

Tho followin.~ ty]'.)os of error will be ·.:ktcctcJ. by the input rou tin,o:



(i)

(ii)

(iii)

(iv)

(v)
(vi)

Codeword not rocognizod by tho co:viler; this cn only happen at
the beginning of n instruction, since elsewhere the analogous
foul t will be trotd s a chr.trQct.::.r out of context.
Appcetrnnco of ROW, CLLR or Ill2UT twice in tho ri;:;ht-h.'.111d side of
a clcultion instruction, or nt all in ·:-n;y oth0r 3.rithr,12tic
expression.
Ch::>.r'.1ctor out of context; in this cc.se the cl1::.r::1.ctcr is no.med in
the error rness-:i.g(i, c;van thouch it m?.y not be the one, re::tlly at
fc.ult,
r·1isrnatche,; brnd~ots; this c:~y be ::t roun:1 or squo..ro ket when the
other w,.~.s expect-:::1, or nn un;,niroJ bra or kot in o.n arithmetic
,.;xpression.
prussion too large for the compiler to handle.
Too mnny r.1Ultich.,xn.cter iJontifLirs.

\IJhon tho routine ckt.;.;cts ,:..ny one of tl1..:se, it pu to out a message which gives
the type of orror nnJ tho lixw on which it occur;:,. If th2 error precoc"!:::s
the firot '.?ROGRAM instruction, or is of type (vi), then cor.1pilini:~ is
n.bru.1.Joned; oth0·rwis0 tho currcn t inntrue tion, inc lu ling subs cquon t chnrac
tors up to the next newline or semicolon, is inored n! the input routine
is re-entcro? to dl with the next instruction.

The p3rt of t' input routin0 which r::ic,ds c.n arithr:,otic expression into
the store rust lso update certain lists nd markers which re used else-
where in the compiler. Tho foll0win markers ro set insile the routine,
o.nd c..:::rply only to L~. sin,-:;10 oxpros.sion:

(i) Th expression is sin;le varibl:, possibly subscripted. This
is exnnino:1 to s.s that the loft-l1'.l.'1:l sido of a cnlculation ins
tructicn is ncc·J;,t::-.blc.

(ii) Tho function Ilr:FUI' h-:i.s ::>.p::'.)e:.1ro:1. This is ox,.:Jnined on ro.:tding
,..,, n IF /' ::!ftor a c 2.lcul,tion instruction.

(iii) IN?UT, now or CHAR h:1.s c,pponn.<!.. This is cx··.t,1inod on rondine; cny
of thcfrJ three, nnd. .:,.lso o.t tho ond of c.ny c.ri thr:10tic expression
other tlnn th.:: ri2;ht-h'."'.n-:l silG of .:t cdculaticn instruction; there
is an error exit if it is set then.

(iv) First ch::trt'.ctcr is a minus.
tho sto~:) in ,::t FOR instruction 1
sL:\J this routine.

This is usoJ only in doo.ling with
and is post conveniently set out-

Thero is nlso ::i. thr:o-vl".luod t:i::rkor which d~:torminos whether the part of
the ::i.rithr.10tic oxprc::;sion currontly b-JinC r,;c.d is indGx, flan.tin~ point or
of type as yet undecided. It is initfo.lly set before starting; to read tho
arithmetic expression, an' its value my be carried ovur fror; one expression
to tho next within c. sinGlc instruction; it h'"ls tho vcluc 'ty:;_J0.· un:lecidcd'
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only for tho ::i.rG,7.Unont of n P"RIN'1' ino-Lrtloti nn (n· for tho a.ri thmetic expres
sion invoJ.ve,:l. in o. con,-,i ticnctl jump or switch, Its v,1lu0 is ch::nl;od with
in the routino by tho E,c..chincry w:1ich chcclrn the }XtirinG of brackets: s00

below. At the '3nd of ,my .'.lri thr.10tic expression, the routine 2.lso up<.lntcs
th.0 list of workinc;-spr'..c0 intorv'.'.ls in which arithmetic expressions ::i.ro
held; this list hs bounded l,:mcth sinco th-:: L)ft-hcmd siC:cs of c::i.lcub.tion
instructions cU'O troo.toc~ in n. different w::.y.

There are also two lists concerned with thc bracket structure, the
first boins r.1co.nincful for nn ,.mtir..:: instruction t:i.nd tho socon~1 only within
ti. sinr;lG cxnressio11:

(i) Liat of art,"llt~,mts of the: function IIn:.:n~R. These c.rv idontifiocl
by the :;.:iositions of the op0nin6 :m-:1 closinc brnckcts. Becnuso
of thu wn.y tho list is forr.10d, if one argument contins o.nother
tho innor one is the erlier in the list.

(ii) List of bras not yet paired with '1 kct, nn-::!. :::\ssoci~ted inforr,mtion.
For this purpose there re three sorts of bracket: square, normal
round, and those which cnclose the argument of the function
INTZG::;R. En.ch (;)ntry in this list c;iv.Js th2 ty;;io of thu bra .:ind
th0 curront 'h0nd of :product' informc.tion d,rncribod b0low; for
:m IllT:.EG.J; brt~ it 0.lso siv,J,c: tl10 store ~Jdross of thc.J brn nnd the
curron t vn.luv of the I in(lvx/flo::. tine; point I t:11').rkcr. This list
is tl. pu:.:;'.1down list,

/hi.lo zn arithmetic exressin i: being; rel, enough inforation has to be
hold to onnbl0 the si~;n of thG current product to b.J clK.nr;cd fro□ minus to
plus if possible, by chn;ins th sin of a constant or by using negative
multii:olicr:tion. T:1is inforr.-:,ticrn. consintc of a rrkr ohowinc; wh,Jthor tho
si,c:n of the pro,·1.uct is plus or Dii.7.us, .:m'.'l. if it is L1inus whc'.t is its storo
.'.'.cL".ross :end wh0tlwr it ic mi.::.ry or hinn.ry; note thn.t ·::', unr:.ry plus is never
rccorcloc1.. in tho store, The: twJ lists describsd cbove arc altered only
whon n br.'.l c,r kot is r0,'.ld. On r(i.<c:lin:~ ,'.1 br:c, sat tho r(:lL!vm1t informntion
and the type of brD. in list (ii); noto tho.t the type of bra is the last
thin written, so tlrn.t it will be the first thin:..: ro::.d. For a squc.rc brc.,
change the oression tye to 'in:lex'; for n INT3GR bra change it to
'fl0tin; poinc'. In any cs reset the 'hoc? cf proluct' information.
On rein z kt, real the tye of th corresponlin;; bra from list (ii) and
check tht it :::.::;roes; it is only at this :::)oint thnt nn INTDG,.'.:R kct n.nd n
norm~l rounJ k.::t c:-,n be :1i.stinguL;~c•~:. If list (ii) is empty, tl1orc is
::-m error cxi t; but note tlr..t thic is th;.; correct L,xit when rc,'.).::l.inc the
:•,rc;ur;1•,:mt of so.y ~ ?IiINT instruction, since in this cc.so the initLu brn is
not rocorckJ and tho final ket acts as torintor. iow suppose that the
k0t is correctly p:-i.irod. In each cn.s;J the: 1 head of :wo::uct' inforr:1::1.tion
is rccovcrel; for an IR±GR lct tho 'indox/flontinr; point' r,1:1.rkor is
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rccov0r0d from th,c list, :md .::i new vntry is ;;i.:1de in li.'.3t (i); for D. nquaro
kot the marker is rcsct to 'flo:tin; oint'. At the on' of an arithmetic
expr...:ssion list (ii) Rhould be oty, nd there is n error .;;xi t if it is
not.

To othr sorts of error th...,_t tho input routing must test for are the
illccc.1 juxb._position of two synbols, ,::m,.:: the )rc-soncc of c.. floc:.tinc,: point
syE1bol in nn in-:,;.,x expression. ."i. sycbol is r"prt),s:.:mted by .:-._ p:,.ir of
numbers packed into z hlfwor}, on..; s;ivinc,; tho ty;_Jo .-:-,nd th0 oth-.::r the ;_x'\.r-
ticul'.:lr syr:1bol within th'-' ty:'.;)O. The possiblo t ype:s c.r~ c.G follows:

(i)

(ii)

(iii)

(iv)

(v)

(vi)
(vii)

(viii)

Inckx identifier, whe:thor sinc;lc or raul ticlnr'lctcr, The idcnti-
fyin['; number is tht of th0 corr,::sponJin[S I3-lino,
Sir::iplo floc..ti,.'1.C ~Joint v:1ri'.:'.bl0 idontifL,r. Tho i::'.c:ntifying
nur:1bor is tha.t of th:.; c orr~s::;:,ondinc wor J of storu.
Subscripted v::i.ric:.ble i'.:l,mtifier. Tho i~cntifyinc; number is as
in (ii) i indcod thfo tY})O is obtninc:.1 by conv:::rsion from (ii)
after re&in;g a square bra.
Flo~t:i.n,:; 1,oint con,3tnnt1 Lkntifiod by its position in the list
of thcs,:.
Fixoc1 point consb.nt, iJ..:,ntifiod by it,s position in the list of
those.
Functions, inclu:linr; DTflUT, l"i.ffi-J, C'.·Ii\.H nn,:l INT'EG:~R.
Arithmetic sins.
Drckets.

During cor.111il.'."'..tions, three ror> types will per: those re null h'.llfworcls
and index cr floating point working vo.rit·blcs. Ty:;_:,(.s (ii), (iii), (iv),
most functions cn' stroke rs cf fl0tin;; point type, If ny of these
occur in :m inJ0x '"'"x::,r2ssinn this c:mses ,-:in urror cxit; if it occurs in o.n
exprGssion of unknown tyJ.L th-n th.:, type is forc8-::1 to I f1oting point'.
'J1iL: n. const-:,nt is b-.:in~; r..:.'.',d in .,::n .:;xprossion of unknown typ,;, it is
formed in both modes; if it hrs nit'r fractional part nor decimal ex-
ponont, it is star...:·:~ ::i.s :'. fix-.:.:~ ;_::i;;int const~·.nt. In this w,">-y wo 1:1c,y hnv0
fixoc1 ~)0int constnnts in whc..t subs0qucntly turns out to be: .':.. florttinc point
expression; such constants re convrto during corrpiling. In testing for
ill:::[.j::-.l juxto.posi tion w0 k0J) c. not.; of the l,,st syt:frlol1 clc'.ssifiod on :1
r.:--.ther :1iff,:;rr..:nt bnsis. H~rc th'"' ])Ossibilities arc ,'.ls follows:

(i) Opcr.::..nrl, that is, :m L::GntifL:;r, .},. const~nt, -.::. round or square
kct or 0c10 of th'-' functions I!TI)UT, now or CH,\..H. If this is
follow,,:;;: by nn i~1cntifivr, constcnt, function or round br,:-., thon
th-::· Lipl:i cd r;1ul tiplic:J.tion sir•:n uust b0 :i..nsortod b0tw0cn the two.
It c± £0ls! by : swr yr ly if it i fl.tin: point
idon tifi__,r i :md in thi.s cs0 ito typ0 l::l.wt bo cl1:mcod fror.J sim)lo
to subscri}ctoJ.

10.



(ii) Function lmvinr-; .cm nrc;ur.1ont.
brn.

This uust bG followc:.'.'. by .:.:.. ro1.m;;~

(iii) .Arithr:10tic sign. This must b-.: follow.:d by wi iduntifi0r, con-
stnnt, function or round bra.

(iv) Start of expression or rounc: or squ.:tro br.::.. This 1:mst be fol-
lowed by n plus or r.iinus si:;n, itkntificr, constant, function or
round bra.

':Jlwnover the lo.st ch::-,ro.ct0r r,.:;.:,_::,:. ei thor is n couplotc symbol in itself or
terminates one, the syibvol is chocked by these rules; if it is laciti.ate,
it is writt-::,n to th0 store o..nJ o.lso rocorc:cd ::-..s the now v:i.lua for tho lo.st
symbol re'1.J. Thcr...: is n. spcci:'.l difficulty in Jo.::lin3 with ~ sGquonco of
lottors which Lii.;ht cor,1pos2 o. word. Tcso are initially treated as sir1le
v.,rio.ble:s r:mlti;Jlici·.~. toc;.Jth.,r; if when the wor:1 is tcrmino.tcd it cnn be
id0ntifioJ as a function, thon it overwrites thom. (Thc function will
certainly be legitimnto in its context; but it my be noccsso.ry to ro.storo
tho sin of the product.)

The ty2 of an instruction is .:1-Jtorr:iine:1. by its first fow chn.r:,ctcrs,
more; th.".Il ono boinc no0dc:c~ only if th0 first is letter, Tho possible
non-letters that can bogin n instruction, nnd tho corrcspondinr; ty::,:ioa of
instruction, ,irc :-ts follcws:

(i) digit. If no OGRAM instruction s yet been rc.::.d, this
r.iust b.:.: the st.:-.rt of 11+4/~2; thus the entire: line cn be
ignored. Othrwis J rs.::. 'J. ~ th.:: nuobcr which begins with this 1igit,
cmd store it in c.. B-lino. Iz.:norin0 s::_nc es, the followinr; symbol
must -..:i th.er bo T:2ACK, w:1.ich concludes th.:; instruction, or a colon
which marks the number as a lbcl and terminates it.

(ii) ,'.ill nrrow. This r;;ust intro.:lucv ·"- jump cir switch, either con-
,1.ition.:tl or uncon:.::i.ti:::mr-.11 or ''. subroutine juap. For the rest
of tho routine soo b.:.:low.

(iii) A squire bra, run! br or round let. These introduce res-
pc:ctivcly n crn:ir.icm t -.:,.r,,,."c tho boginniw; ,:mc1 ond of optional
cor:1;,)iliw:;~ ::nd c'.'.use in co.ch c ,.so cen inncd.i::tc jump to the
.:tssocic'.".tod routine.

(iv) A ~oint or nstorisk .
instruction.

£ ±Jc Rist cbrcor is ltter but the soccnl on; is not, we zro gain
c.oa.linc with n cn.lculci.tfon instruction; in fnct the socond cho.r,".C ter is
bounJ to be o. sp2.c0 or t~'..b 1 'oqu:1.ls' or C?. square bra, but we nood not check
this now. If th;:; first two cht,ro.ctors e.r0 both letters, then the instruc
tion stn.rts with r.i. worJ; the inrut routin"' r0n::ls this word nnd idontifios
the tyie of instruction from it by comparison with c table.

11.
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If the instruction starts with an arrow, re'.'lz1 the followinc symbol;
this must be either a number, for n or?inary or a subroutine jump, or the
Ill".me of nn index v.:,_riable, for a switch. In tho former case stor0 tho
number in a B-linc rud exru-nine the rest of the line. There ctre now three
possibilities:

(i) The rest of the lino ifi er.1pty; the instruction is iJ.Il unconditional
jur.1p which is now complete and cn be handed over for com::;,ilation.

(ii) The next symbol is 'IF', intro.:iucinc a conJitional jump. Set the
expression type to 'unleterninel', and read n arithmetical ox
pression nnd the symbol which terr.1inate.s it, which must be a
rel:ttion; then re,-;,.d a further e,ri thnetic expression, and check
tht it is tormino.ted by o. newline. (Note that for convenL:mce
in o :titine, ca.ch expr~ssion shoulJ be prec cded in the store by a
spr.:tro hnlfword. ) Now edit so thnt

«.= [i
2r

becomes I)( -l = 0
b0com2s if.. - _13 > 0

becomes .A. -f-. I 0
b2comes -d, +< 0

( ... '1.ll i

if«or3 is just the constant zero it should be deleted t this
point. The:: ehtin~: process consists of chCtni:_:;ini; nll si.:c;ns out
sic1.e brD.ckcts in th:::tt expression '.✓hose si,_::;n is to be reversed,
nn:l re-absor'.:iin;~ minus sic;ns into const0.nts or products ns far as
possible; note chat before oin; this we must restore o.ny sup-
pressed uno.ry plus at tle beinnin;. The instruction is now
complete ind my be hnlel over for compiling.
'I'trn rest of the line is an rrow; the instruction was '.l subroutine
jurap cn? it is now complete nl can be handed over for compiling.

I£ tho instruction is a switch, notc the inle variable an? check tht it is
followed by a squc.rc brc.. Then ro2 ~ r.c soqucnc,;:; of nur:1b2rs .::i.n:l fl tore them
in consecutive halfwords of working space, continuing this as lon; as they
nre tcrminnteJ by colons; the lnst number will b,3 tcrr:iinn.t0d by ,:,._ squnrc
ket. This conclules the switch part o th> instruction; the information
it contains consists of the n::une of tho ind,::x vari,,blo, the count of numbers
red cn? the numbers therselves. ow proced as for jump, except that of
tho altorw,tives r,.bovc only the first two o.re n.llowcd,

To read .:,. calcul2.tion instruction, first h.::md back to tho input stream
the cno or two characters that wore· ren.d before rococ;nizinc it. Now read
.:-u1 o.rithmeticd expression; this is bound to be a single variable, possibly
subscripted, nl to be terminated with an 'equals' sin, If it is ,'.Ul indox
vn.rinblo, chnn;.;0 th0 type to 'index'; and in ny case deleto th;:; entry in
the: list of nrithmotic expressions. .iiend 2.nothor 0crithmetic exprossion,
and if it is terrninntod by 'equals' repeat tho tests and actions :;.bove •
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ventually we shall rad an aritn»so vxprccsion with some
nd this concludes the calculation part of tho instruction.
possible ~ddition-::,.1 complic&tions: -

other terminator,
There are two

■

(i) An e:xpression of tho form '-- n IF /'. This is ru.low:xl only if the
function INPUT has o.ppcnrd-:~ ia th0 calculation instruction; in this
case the numb0r n is rccorcl.cd.

(ii) One or rnorc expn,ssions of thv forro.: *r.1 whor0 0 <ma <5. These are
in fact not ro'.'l.d until the rest of tho instruction hns been
trnslatcl; they are then rc.<:,d one by one and cornpar:xl with the
keys currently set, and if neccssary an optional printing section
is compile-·1.

If both these occur, thuy must be in the order r:;ivm nbovo.

All othor instructions beein with a worJ, which idon tifi es the type of
the instruction. Tho most complicated to del with, in thnt it can cont::dn
a.rbitrn.ry flontini:; point expressions, is the 'FOR' instruction. After tho
initfo.l word, rond a simple or multi-character identifier an~ check thnt it
is follow,:;d by 'equals' aftcr perhaps sor.~o spnc,Js. If this is ['Jl. index
identifier, S8t the nrithmetic expression type to 'inc.ex'. :::Zcnd mi arith-
rnetic:.1 expression nnd check that it is tormino.tod by a colon. Then rend
the next chracter othor than a space n' note, for use in compilin;, whether
it is a 'minus'; iv> it back to the input strecn an& rod a second arith
metic expresr.-;ion, checking; that it also is torintcel by ::. colon. Finally
read a third arithmotic expression and clwck thnt it is torminntod by a
newlinej tllis complJtcs the instruction.

e re;rd a LIBRARY instruction as broken up into subtypes by tho
numbor th,::tt follows; :-n w lso trsot in the same way TRAP, U"i'JTRAP,
FRilri'Cfi.AJ .mc1. the five: mo.,;n.;:;tic tt:'.p0 instructions. To G·'.'.1.Ch of these cor-
responds a codeword which shows for co.ch arc;umont in turn whether it is a
floating; point variable, an index expression or a label, and whether it is
tormin::tte.:l by c colon or by ru1 unpetir-:d round ket. Check that the initinl
word of tho instruction is tern1into by a round bra; than read tho argu
monts one by on,::, usinc the nppropri:i.te subroutine ~'1.cl checkins that the
terminator is the correct one:, The last ar:;um,mt is that terminated by en
unpniro(1 roun-3. kot. A similar tC;chniquo works for PUNCH and PRINT, except
that wo use cm oxplicit soquonco of subroutin0 cclls, .:md the lnst orcumont
is terminc,to,~ by a nowlinc; noto thnt for ?RINT we do not know in l'..dvnncc
thG number of c,,rcumonts. LAYOUT is also dcc.lt with in tl1is wo.y, except
that the key word is terminated by a spco.

Tho other types of instruction nro
considor-:1.blo vnricty of possibilities.
olsowhero; wo verify thnt the key word
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enter :-, routine which dee.ls wtth both
other ::iossibilitios ;'.'lr.: :w follows:

• .L1n1- nn<l output si1;mlta11oously. Tho

EQUAT. Check that this word is terminated by a colon; then
rend ;:,. .sequence of r.iultichnr-:,_ctz::r identifi;::;,r.s, checkinfS that they
n.ro all of tho s,'.U':'le ty:.0c. The instruction is tormiJ.1cttod by
r,:)r.;.dinc [! ncwlino. In prc:.ctice it c1c,y bo conv,mient to trent
tlw first ono s}1oci:.illy aw.~ ;::iroccss '..!OcCh of the subsequent ones
ns soon s it is rond.
PROGRM-l. This is followed by re nu,,1bor, which m.'.ly indeed tcr-
mi:1:1tc tl10 kcywor-~. After th:i.s there io o. possibly empty
sequence of items, each of wl1ich consists of o. flo.'.l.tinc; point
idcntifi0r te:rn:L.'1o.toc1 by a square bra, followed by a nurtber
terminatsd by square let, ch of these itos cn be pro
ccss,xl sep:.1rntoly. Tho whole instruction is termin:i.t0d by -'.J.
nowlinc.

(iii) RIUNV May be a complete instruction, or it mcy be followed by
c1.11 uncon:1i tionnl jump or s1r1itc:~. To test which, find the· next
chnr::i.cter, which raust be c'. nc•.-rliac or CT1 o.rrov1; in tho lo..ttor
cs hznl becck tho o.rrow to the input streo.i:1 ~md trci::t the 1.>10rd
s complete instruction.

( • ) rr=,r n~y,., • ~ 11 ' ' • f '• ' t ' f 1 • l •1.V Sil or n.9 1s io. .og y a 3eris o 'it,is, cach o whicl is

(i)

(ii)

(v)

(vi)
(vii)

aost easily olt with as son as it is red.
,STAi~T is follol1oc1 by c. pair of numbers, th-:, first bcinc torminD.tod
by o. stroke ,"m::1. tho scicon,1 by c:. newlino.
£3DR an! OUTPUT arc cch followed by a sin;lc number.
The other Gix wcr,l,'3 :-,.re -::.:-..ell comr;let\3 instructions. The only
unusul feature about them is that tho conbmt of the rost of
the lino mu.st be ic;nore;~, .since it c,:-:-,.n hccV,) the ctntus of o.
cor.m1ont.

The spn.c.) ::i.v.:-,.ilri.bl-:.: to tho obj0ct }")!'O(:rt'.l:1 consists of tho B-linco, up to
B90 inclusive, an? the core store. T'rw B-lineG aro 0.lloc;::-..ted 1:ts follows:

B1 - B12 Zach of those hoLb the curro::t v,:1lw3 of one of the
twelve sin·,10 ch.::u--nc tcr index vcriabl es I to T .

B13- B63 These are allocated one by one to th~ fiftyonc permi ttod
multichnrnctcr index vr:.ric.bles, in the ord0r of their
first D.ppe::,.rc:mc c. Noto th.:i. t if one of tho so B-lincs
is reloo.secl by nn EQTJ/.TE instruction, it docs not bocomo
.:..v::,ilnble rtc;,--tln to the compiler.
This hohls, in colod for, the line number of the
Autocode instruction whose trcmslntion is currently
boinG obeyc;J; its content C.'.1.n be unpackoc"!. into tho form
'line .f!. .:1.fter l.'lbol r.i of block n 1 •
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B65 - B67

B68 - B79

B80 - B9

B90

Roscrvc:::1 for spcci.'.'.l purposes in tho ,'cutoco:".c p.::1.cl~-::t::;c
routin~ de,-:>.lins with Iil2UT. Of these, B67 l1olds tl10
n~:.-:1rcss to which to jump on re::i.dL"1.2: o. strolrn; n.nd on
nn error cxit B66 holJs tho illo:;:::,l chnr'..'lctcr ond B65
t!1e nur.1bcr of r,rovious succe:s,sful entries.
Gen cro..l wor1:in1~: ::,p::ce fer in:1ox cc.lculntions; and dta
for entry tc li~Jrt'..ry-typo routinc.s in the /.utoco,18
paclc2.
\11/orkin:; sp.~,ce for librnry c-:.nd other routines in tho
iutocode packce. iiote that the functions illW, CHiL.11
.:me'! index INPUT loavc t:1oir rc-sul t,s in DUG.
lb turn jump n!dress for exit fro routinos in the
itocodo pclge.

Except for B64, which is ncodec~ for the r:1onitor routines, these nrc iclen
tical with thc allocations in the previous ucocode corpilor.

The principle cf CC>i-:ll)-::.tibility ho..s ;:i.lso h::i.d souo effect on the n.llo-
c::.tion of spnce in cor0 store. Tho bottom onJ. of the store ic; n.ssic;necl in
::m n.bsolu tely fixed f.1[1.nno r:

0
4 - 32

Flo:1tin,-; point v:..ri~blcs A to D.
Gcnor::tl workinc: s:pn.ce:, for flan.tine point cclcul~tions;
librcry routines nre .-:-,llowcd to use 6 to 19 inclusive.
:E'loc,tinG point vr.ri:-~blcs E to H :::m:.l U to z.
'I'hcsc arc :llocnte one by ono to the hunrlr0d permitted
r-:iulticl1~r::-.ctor nnsubscrii-:-ter1 flo'1.tinc; point vnri:-1.blos,
in tie order of their first :1.p:pc.:1.r:'....."lCO.

3- h»2
43 - 12

Tr1c space ir:1r.1Gdi.:-•.t2ly beyond this is reorved for the utoco?e package road
don from magnetic tape, and for the mgnctic tape buffer which occupies
512-1023 inclusive. The routines in the package tho:selves stnrt at 150,
but tho c1:.tiro block O - 511 hc..s to bo r0-:1.d from the tc,pu; this on::tblos
tho initio.l v;,.lu,:;s of the: flontin; pcint vcricbles to he set :1utor;12.ticnlly.

The u1Jpcr Emel of he rgion resorv! for the u tococlc pnckncc is de
fined by two pnrn.L1ctcrs; ( 1) is tr.e ,'.',,(~dro.:-;s of the first rcr.;istcr not used
for the routines, mid (60), which is tbc first subsequent multiple of 512,
is tho first register whose contcmts :,re not ov0rwrittcn when the package
is brou;ht down from r.i:-,cnctic t;;.pc. The subscripted v:':'..I'ittblos occupy a
re;c;ion st;:,_rtinc nt ( 1), whosG size is dotcrr.1inec.1 by the declc..rntions of the
first pro@rm block. Tc object program follows immediately after this
rec;ion, with tho proviso th2.t in no circu□st.'.llcos Dny it bof;.in before (60).

Tlw fixed stnrtinc routine which is obeyed nt the bccruminc~ of :_my
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obJ"ect ryro,T,'10 onsures th,:---t the index v.-~.ric..blos I to T nre set to 0.1 c}ncl
-'- ,._., ~ . l

the floatin.::; point vo.ri;:,.bL.:is A to G n::1 U to Z to non-st111t~'."'..r!,,,lZC.,\ zero j
cc:-nvontion H i.s sot to n. This rn·-.kcr;; it pcssible to -~trr.::'Jl,58 tho,t in the
poot mortcr.i Gnly t::iose: v0.ri:-cblos w:!ich h-cvo bo,':!:1 sot OTC ;Jrintcd out.

by

The obje;ct procr::>.m [',,fi .~..ctu,:i.11:f obcycc: cvm:;i.sts of two ,nrts: thos0
or,lcrs n.-i,1 c,'n.st:":n.ts whicl1 hc.v,., ':Jco;,1 cx:;licitly compiled ,:.nJ .::i.sscmblod in
tr-:: store: ;_1_,s th.) trnnsl::,_ti-.:,n (Ji the oric;in,:,l fattocod•." pro.~rc:m, ,,nd a preset
f><'-cI:cl(}..: whicl1 is brought down from magnetic tape in binary forr.i. Tnis
p::tck~:-;c is brouc;h t dcv,111 tu c. fixed ::trv,'.l in th,; store, so thnt it does not
h·w-:: to b~, r0l::icnb:-,blc, c·.nd :::rctri-..)s t'.:l it r-.re: c'.\SY to c,)mpile; but thiG
ir1lies that for cch object zrocra we hve to bring lom tho entire paclge
an! not just those yurts of it uhich ry be ncode2. The pack@e is in fact
brou~:ht d0im by tiu first few obcyc:1. cn.•::.c:cs of the obj"'ct ~,roc;rnrn, which nre
cxplici tly co~Jl)iLd but lr.v0 <'. :prc.ect forr.1; they ::,.re foll81,1ccl by a. jump to
the initb.lizin~; :-:outinc in tlw 11,'.'.ck.:i.:·:0, with n. link set to th2 o.c1,lrc.ss in
the autocole strt 'irectiv2. It is nly hen this link ha been bayed
thc,t the object pro;rm proper cn be sid to have ct;,,,rt,d.

T pclz:e is re? 'own onto the first few blocks of cbject pro;rm
np.~,cc, ,:nl t:10r0for0 fori,,-:-.J.ly cont:'.i.ns some reu;ist0rs nllocc..tcd to floc,tinc
point variblos. .'prt from this, its ccntcnb:; arc .::ts follows:

(;;' r.1o•·cc1 -ul)r~u+·,n •. ,.. nr,1 +1-,-, 10,··- tr·I'l"" wo··'·1.·n·' SP""CO »g<>rl 'oy th01".J... - h..·) ,l V U vJ.. _t.._;,.;., 1--> ii '·+_ t' .l i .i.L l ,.J . ·-- • l.,L• C\-. .,. ,,;,v 1~.

Tl1e,s0 corr,:;sponC. to .·.utocorlc wor(1c, .si1ch ns LIBRARY, for which we
do not wish t,:; h-'.'''·'.' to conpil:.c 2xplicitly tlw c0x-r0sponclinc; sequence

(ii)

(iii)
(iv)

of or~1.c-rs.
Te initializinz rcwino.
,'.:tssurnc,~ in th,.: d:cficription of the ,~utocc:'ic:
strurs, trcpo, etc.
The routines fer Postnorteus na? Rscu.
Possibly some useful constnts.

initL-J. conditions
in::,ut imd output

For short-torrn workin;_; sp.'.l.Ci'.; tl,es0 routir.cs c::m, wit}1 cert:u.n prcc:mtions,
us~ tho re0isters .::ulocn.ted to te::1pvrnry flo.n_tinr~ point vnri.:~blcs; c.ny
o,ddi tiono..l sp~ce ths)y ncec~ is ;,,ithin the pnck::'..go. LU:c c-rthodox Librn.ry
routines, they use B80 to B89 m1c1. hoL:: n. linlc in B9O.

The clos,,i."'. subroutines ,"1rc nntered by 1362 ord;;;rs in the compiL:::J.
proir.:-,□• This involves some loss of time in obcyinc the object :procrom, by
co□pi:'.rison with the usu::i.l □ethod of lc2dine; B90 :md thon jumpin::.i; cxplicitly;
in.:.kcd sor.:o of the subroutines rs so short that it would. be better to com

P:::,,.rt of th ecuso for the· present
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trc:-.tment is tho compiler-writer IP- conv0nicncc; but there io nlco o.. cor.1-
pensa.til'lG sovinc of time from roclucinc-; the nur.ibcr of orc;ers thc':i.t 11,:ive to be
cornpilad r.md nsscnbl0J. ~Jhcn Cl version of t110 com1·;iler is proc:uced which
generates winry procrar in the store, instead o ZIT in an output stream,
this should b,:: reconr;idcroc1.

Tho vnriouG routincc rcro (}escri'::)e-:.1 in c1..ot::;il below. The p;·.rnr.1otcr.s
which ,'.:lro uscJ to lc,b-::1 th-.) entry points in tl:is ::10scription o.ru t:1.0se which
appet•,r in the IIT or of the po.ck::r;c. TI.wy lso ap0nr in the Autococ1e
coti::;iilor, whcr(.: thoy .:.tr,) explicitly set by -:lircctive; in the object progrnm,
therefor,:?, jw:ips to these entry :points c.:1r1 bG com:pilcc. with absolute n:-ldrcsses
an? tho corresponding pranctcrs never occur. The pru•.:-,met2rs which address
lcnc-ter1:i worldnc sp:-:ce only --::ppe:\r in the IIT fort'! of the pnclnse; thoy ::.re
use? here solely to simplify the loscription.

In Genoro.l, the nrc;uments which ct routine needs ('.rG given on entry to it
by tho con tont s of B63, B69 -:me:. co on; [.lJl index cxprcm,;ion or '"1. lc::.bcl is
cc-..lled by v::cluo, ,'"1!1.1 :i. floe,tinr: :,)oint varic..ble by reference. In some cir-
curnstr.ncet, tho v·,luc of n. floc'..tinr; point exy1ression Citty be in the :i.ccumulc,tor.

I~1 order to orc;anizo the nestine of subroutines, we m-'.'.intni.'1 n pushdown
list of subroutine links an? n count of the nur.11Jcr of lL1ks in the list; the
former of those is hole~ in 32 ho.lfworcls st.:1rtinc .1.t ( 100), tlw ln.ttor in the
address part of ::i. variable order in the pckge. iher nro threc cntris:

(i)

(ii)

(iii)

At (3), correspond'in; to -> lcbel-.
and incrase the count by O.+; and
if t;:ie list w:::s c:lro:;::·.:'.y full.
fl.t (!.~), corrcsp,:mdin;::; to :;::GTUilN. Decrease count by 0.4, remove
lrtst link fror.1 the list :md jtmp to the ,,. .ldress ,:.;iven by it.
rror xit if tho list t!"1.S o.lrcnJ.y 0m,ty.
At S), corresponlin; to IURN -= 1cbel.
rurl remov o tho l:::st it om from the list;
exit if the list was lrey empty.

Set (b9O+1) in pushdown list
then jur;1p to b9O. Error exit

DecroGsc count by O.4
then jump to b90. Error

Tero are cssentilly to print routines, tho first for PRINT i:j:k cnd
the s0cou-~ for ::?HINT i ; we re;r! PRINT i:5 a the s:,oci:-:.1 cnse of tho
former :L;1 which k = 1. ,Some ccnst--mts ,"'_re corr:non to both routines, 2nc'!. the
first :m0 c:tlls in tho cocon(i i;,-i c.::·,s0 of overflow. Entry con.:.',itions 1:.crc ns
follows:

(. )l,

( .. )
lJ.,

For PRINT i:j:k t,ot b68=i, b69=j nncl b7O=k. li~ntcr at (9) to
print from the accurultor, or t ( 10) to print from B71.
For PRINT i sot b68=i; entor "t ( 11 ) to print from tho accumu
ln.tor, or ut ( 12) to print fror.1 B69.
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•

In eo.ch C3..SG there is cm error exi +, if tl1e pri.n t pD.r::·.meters are cu tsL~ '.) tho
IJ8rmittod r::.n::;,:::,. Nctc th -:-.t the pr:;..:1t r'.mtbes c"'.c not tl'1'.::r:is0lv8s put out
the: sp::.,cos r,t the Gn,:~ of ec nu:.:bcr; thC\f only set r count in B88 which is
unoc"'. b;:;' tho lny:n.it r0utinc, Tt-:: only c·,_::e: in \vhich ?l:H:T is not followed
imr.1cr.1ic.1.t,:,ly hy ::m ontry to tl1c l:cyont r'.Jutir..: iG in option-::1 printinc7 and
in th:-.t c -me :1 ncwlia,) is cxplici tly ou t;:-iut.

.c.;(:.ch of tl-1.e seven ontput otrcc.i,;:, for ,·1hich provision is r.1-:i.d0 lv-.s its
own layout counts, Those Occupy four hlfor?s for ccch strcg; two 0£
th::)S0 l1ol:: the m.t;;1ber of it,:::r.1r:; in 0···.ch bl•:}C~:: :v::_~ the nur:,ber o:f colw:ms, both
dcc1·c~:.s0d ~)Y one, ,:'.:ad tho other two hoL1 t:10 cur:;_•cnt vr.lu0s of the corres-
pon:1jnc counts. Working sp~:cc for the counts of itcr.1.s st:1.rt0 o.t ( '1G4), Md
for tho co1..~at.s of columns :-:t ('165). There m·0 h/0 ontry points, tho first
to set up the lout for one output streu: initially, nl the s@con? to ad
-V::IJ.Ccc tho ln.y(.JUt counts for tho cu:-rcmt strc-<1.m:

'I1l:iG s..:.ts tlJ? t].1;...:.- c-:n:i.nt.::- fGr
if j>O - th·:t is, if v,c :'.re,
1::-..you t - it lso uts Gut :--..
unl:::.-ss 1< i< 7.

(.:. \ rr,."' ..., l -r·-.. ·;:~~ -t,~,.-_ 7 ~, 'P'I"", +- .... 't" c• .. ,ft··\ ,.. _ • t· ...,r.. " .,.. ..... ") -·"), I l ,.._.J.. (14).<-l, ~\./ '-'~·,; ..::l~,:, ,_._. ..1. .),,Uu CC.•-,hvo -.... ,or .L-'rln lL,_. ,, nu..,.)Gr1 -.;ll'CCr ,.t-

\Jith th(: v.:,luo of b88 th,,t w:~s s,1t by the print routine; this
2ntry shouL1 net be w::,.:d ::ixc•2}1t ir,,::w;li;,t•-:'ly 2-ftcr P:r?.INT. It
;:-,.1v.::-11c.:i.s tl10 block ··:.::1) row cunts, nl prints to new)in0s for
the en! cf block, cr one for tho n! cf • u; -ilin3 either
of those, it puts out th:o psct murbr cf spccs.

n block for output stzcu1 i ;
sstting rather thn unsing tho

'E12r.~ is ",16o :1 routi,1c:, for bi::1:-,ry out:pc,t. To ir:::plc:;wnt ?u;~CH (i) j
set b68=j n: 69=1, n ntor - (26). 'I":18rc i.s :--n 8rror oxit unlos,3
j ::: 5,7 O!' 8.

Tl1urc i.s
enter c-·~ ( :5);
cntc-1· e..t (16);
1.-vhosG V'.'.luo ha.s
be the v,:_luc of

rouci:,e
::.1 czi t

r ech of he tree int functions.
ti2 vlue thas function will bo in £82.

c,,i' BG8 wi tb. -,. suitr-..blo£tor 9xi, nsk: the content
iJ,.)c,n set b:r
th-:: function.

For
For ROW,
const.:,nt,

RACK instruction, an! tho result ill

:?or UL:'D':::11 ent,)r .-~t ('?) to form th~ r~)su.lt in the :-.ccumulntor, or c..t
(8) to for::1 it in 388. In ci t~1:;r c -~so 367 sh,)uld hold th'-' :;d..!r0sr3 tc, which
te; jur,1~1 on r::::o.dinc; a s troko; 01.1 rerml exit tl;is is reset to lead to :cm
error routino, cc tlv-:-:.t the compiled rt of the object pro.::;ro.m nucd only set
it in r0spons0 to 1- n IF /'. Thoro is ::u1 orr'.YI'.' oxit C-'.luso"1 by ro;:i.din~:,; .my
uns11i i;r,_bl o chrcter; in this c .,se tho ch::-..rn.cbJr is r:ivc,n, in its orir:;in-::1.l
intornrtl co:\:: form, in B66, ,..,n;l ew num1:)(:r of previous succ8s.sful 811trios to
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this routin:· i.s in Bt-5.
object pro0rr.rn.)

(T'.1.::Ln :i..o th0 only u.so of th,-;.sc thr<::o B-lin::)G in tho

•

To LIBTI.i.JY n corr0.T,on:1:.:; -::: routine oncrzd at (mn) with inforr1:'..tion
allo1xt its i,::.1°:-,m::itcr.s :101:1 in J36G, 369 ,..,_n,:.1. so on. All 1ibrry routi...'1..:::s tro::..t
tlLil' p'.'..rr,mcto:>'.'s in the s:-r,:,::: w.-;_y. ,'.~ :_:n.r"'mJt2r 1:11:ich is :'. flo,.,_tinc; point
v:1.ridJlo or const~'..nt is c .lluc:. by rofcr:.mc--:, •0.nd M in-lax or lCcbcl is C-::ll1Gc1
by V-~luc; thus ny inle praetor cn bo nn OXJ?rCsGion r:-1.thcr tl1:-,_'1. .::. sin,Glo
v~1ri::-·.bl,1. If 0. li"brnry ro1.~tino h::s error oxit,s1 these will b::: of tho form
1156 0 0 n+1 C. As ell c to libruy -lins, these routines C,'J.;f nse
r.it.rs 6-19 as or'inc pce.

T110 rn:c{;notic routinos ~1·0 c ·:llc- ·1 i1: ...:smm ti -.lly tho s.1.l'!lc 1;J;-1.y :1s libr,'lry
routines; in l),:',.rtic'J.l:::~r the tr,:,,tuont of their p::..r,--:,r.;ot,.:rs is identicc,l.
'J:.11.:3y us,·; 512 to 1023 ru-:. n buff,.;r fo1~ i~.n.:n~tic to.~:-,~ trMl;;fors(j but tb.0 t·0st
of their worl~in'.: s1·rc-::. is int0rn::-.l. ..:.nt:::r '.".t (1'?) fer FILl, ,-..t ('lS) for
r"-'D t '"0) f ··-·Tm~ t (20) .c- .. f"''T:-:-i .-,-,T 1 t (,,.,9) f •y•~,n:;,IT"' •.t.( ..J"•-' , ,...,_ \. , :1 or dl-~.J...!..£'.J, rr ...., .1. or .i..ii.ii%: n.. ° C' or 1-~..::,-.-;.[• .w.r1:; l.ll
-:.:·:;.c!1 c ..• \D1j tl"Lcro i0: ::.11 0rror c:xi t
1:1issiblc.. It io n,,l,:Jo nf.)C~::;..~~'""'-~~y
object procr:cm, in order to tic''.y
± (21) into31 .£ - 4107 or:lr. __ ·.v _1 .1.u J'_..\.~ ....,. ..... ~-- ,: \_ ..v •

if th,,) v...,_lu.::i:, of t~1<:, ::.-~::..r-'.1ffiotcrs ore innd
tc-, ,::,1t ...:r tb.is :1~clt.:..·.~:,·.: 3.t ti1c and .:,f tb.c
u0) t:12 buffor; for thiG :i,uri)osc, ~ntcr

Tis ruin t<Jrmin.::-:tos with an 1117 or:tcr.

Tl1'-' .s_r.iocircl functic:ns ~U..JI;..,;3 ,-,_n;:; ))~.:;G:;.:-,:::;r:;s ".1.::.e c'.,t,i~1od by multi~)lyinc;
the content of the o.ccumulntcr :)y co:n,s~~~n-ts 'l✓;:1.osc ;:;_j:;:r.:J,<:;s :cro (21+) :md (25)
rcs~~ec:tiv.:,1y.

All ,:rrors in .~n ,:.utoc,Y.k ~;r;'J:-r::-;.1 r,rG in f:-,ct ,;..U tot:1-'.<tic·:lly tr.~.ppcd;
th2 norr.1.,l tr,1:ppin~:: ,~:~,_.'.roc.c; i~s ·:t th c stc:-.rt sf the post-mortor,1 routine. Tho
inst1·uction TBL? (i:j) tl1c:ref'-:..'.rc ::lt8rE; tho trc.:;pin;; ::i.1Jrcs:::: for the cor-
responin; fcult, an? the instruction U? {d) restores it. To implement

'i'EA"i" (i:j) c:1ter ~,t (21c; ·_Jj.t:1 t~10 v::-,_luo of lo.bd i in J68 :md with j in
D69i to im)lo:nunt Ur:Tn.:2 (j) -2:-it.ir .,t (21·1) with j in B68. In either co.s0

iB O<i<7._u_

'2.11d iJ1iti:~lizi :nr: r'..."';tltiae;
the utcoco.le pck> ls b.en
witch B39O ccntirin; the slue
It sets initi-1 c~nliti0n0 12

ia close? routine which is ontere? s 00011 as
he ·h! 2,p for a.on.Ee tczo: ontor a (2), . ..._ - ,. ,._ l., ~.1"- .,..__ ..._ h u ...,,.__;,_.._\_,; '-'..L ·.i, '-" ~ ..,. _ C-t. -

:-f t:.1-: 1,~0.bol in. tl-,0 /.utoco 1c st-·-rt :1-irectivo~

(ii)

t!1 '"'.t it 11:--:s b0cn
cse, the error
hence tli, ill
3st (3} as tho

tr,,r,3.

srJ2ci:t'ied L: the j,,1.:l :loscription, (In c:-,,ch
exit from th,:1 streru,1-s8ttin£,:; cxtrn.co~:o is tr.'.;.lJ:i:>0:1;
not c.lt the moment wor correctly for out:,:m t.)
- 113ea f pivat: monitor gg 2(z) for nl]•. -.. ~._.,.._ __..-,,_"l ..1. ,l-' ..1. Lt. \.. lu t.,._A,...._ - _,,/ '-'..;. ,:_L ,.....



(iii)

(iv)
v)

Set th,;, jm1:ios:siblo vn.lue 0.1 in B'I to D<.'i) :i.nclusiv8 (the B-li.n0s
1.rich hcl? thc inlex variablos) so that the post-morkm routine
c,n Jot,,ct w~1ich of ths,1 h:-i.v;:; L,Jon sot in the Autocodc proL;ro.rJ
c-.nd n.:od not print the ochers.
,3;::,t O i!l D65 o..n-~1 (200) in BG7, for use in th.;; routine for HPUT.
Sat th file bounlry by mens f the 1000 atrcode.

■

cn all thi:::; lw.s l:i-.:-.:n .:".on-:;, ccntrol is trnsferrel to !;he com::,ilcd pro,:::Tam,
:.:t tho lo.b,Jl 3pocif:L0J in th0 i.ut ·code st ...rt .:iroctiv).

The, post-mort;.;m routino is ,.mt0roJ .:.ft,.T ri.ny f.'.'..ult, other th,m. on,.: for
which c. trG;::> hr.,s b~1~n s0t in thu ..utoco:1.c pro.:;r:1.c":'l. Thu on try fer f:~ul tc3
97 to 99, which cc.xmot be tr'.'.;Jpe,:1 is .'.1.t (30) ,".rd is D. priv::cte ncnitor
routine; o..11 othor f"'.ults cntcr tho tr:;.p routine qt 2(30). ':'ho two cxtro.
ordorG r:-.r0 uGo::'l to reconcile the entry conJiti011G. Th0 post-mortom routine
f.::,.lls into two p.::,,rt::;, printin1~: first th:, V":.luos of thos•.:: sin;,;l.::-ch::1.r·1.ctor
v.:1ri,-J)les whic:1 h;,vc bE:i:m s:::t r:-.nc:. then information bout the type of error
cm1}., j_f possibl0, whe:r0 in the pro,:·ren it ):1:;_s occurr0:1. Sine c the infor•·
mo.tion obt~,inuJ by the, trc,p is hoLl in D378 n! 79, the prosot print routines
luscribed above can sfly be used. Thero is also a closul subroutine which
is used to print mssve; it i.s 0ntvrcd with.--; link in 1390 ,,nd the ·;J:1~:Gss
of th-: first of th.:; s0quonc0 o:: h:1.lfwords conta.inin:: the mo£:s2.cc in B681 c..nd
it pats out ch;-,_r.::i.ct_,.rs until it oncountur,s 0.0, which r.Y~rl:s tho onc1 of tho
rnosso.c;c. Ifotc th·:-:.t nm-,linc is .stor0-~l '.:.D 7 .6 for thio purpose.

Th2 post-ortm routine first puts out a suit:ble hoadin;. It then
,)Jc·.r,n.nos D1 to 312 ir~ turni :-.i:~ for '.'.ny of thoso w'ws0 content cc01t.?,,i11s no
fctionl prt it puts ut n quticn st:tin; the value of the corrcspon:in
L1.:lox vr::.ri "'.blo. It th:.:n ~'x~::.r;-iinct, GimiLTly those re:r:;ir,t.::rs of stor0 wllich
ccrro,:;:pon.:~ to cir<::;l;.;-ch::r~ctcr flo:··.tin,_; point v:1ri'.".:Jlc:; nnJ f,;r ,Jo..ch of
those ti:10s,, cont,;nt is not /0/0 it :?U.t5 out .,n equ'.'.tion ::;;to.tin:: th,~ V:J.lU<~ of
th.:; ccrrcc~)On.linr V''.Ti-:.'ulo.

'l'hc n0xt step is to print out :::n in-1ic::.tion uf tho c·:i.usc- of the error.
To e:ch f:ult number correspond two halfworls, one giving th: nddr0ss of
cuitblc error ass&re n] th other ivin; th> dross of the corresponding
01Je:E routine. Zxc .:;pt for ·<?rror t Yi?:> 14, th,) etc ticn t;;.ke:n is strv.i:)1 tforwc.n~:

(i.) Frf2ts 1,5,6-10,12,13,19 2l 97-99 a stondrd moss;o is put
out; in .);:_i::h c::-,sc: the :10scri:'..)tim-i of the f,::.ult in the- Autocodc
pro_rm is ossentidly the sus as in mchinc code terms.

(ii) F:.,_ulto 0, 2 ;md 4 irr.ply th'.::.t th0 progr,:u:1 hns boon ov0rwritten
b-::cc..uGc of .:1 pr-::vicu13 misu,sc of subscriptu.l vr:.ri.::i.blos. For
i'.:i.ult O the- poat-mort.Jm routine o.lso 8Xi:'.mincs the vri.luo of B127
when th:J trnp occur re:'\; this shows who th er it was the cc1;1pile: c1
procr:i.r,1 or th: preset packnge that was ovcrwri ttvn, ::.nd hence
whothor the ,subscript wets too letrcx:, or w::.s ncr;:;.tiv..:.:.
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(iii)

(iv)

(v)

Faults nd 6 are the iumsdit: conscquenc: of out-of-rag;o
:::ubscripts, th:o subscript bcinr.; !10[;:tivc in th0 form0r Cttnc rmc'!.
too lrzu in tho latt,r.
For f-.u.l t 11 the curr0nt in')U t str,:, ,rn numb-2r i.s put out ['.f., p:"lrt
of tlw o::iviou::; crror nwss:l:;-,.
F:mlts 20-25 ,rs mo.en .::tic t ~.:p:.:: fn_.ul ts not C'.:1.Uscd by tho Autoccd0
pro;rm; they hav a common mess; which includes the fault
:rtEf.11:i~.r •

■

ror type 1s represents tho error sits fro th ::,rc.;;,::.t routin0s ,mi:1 those
d(!libor::::tt:;ly com;-,ilc:1 in to th•,] obj '-'ct }, ..... ;_,;r".r:1. 'l'he type of ,:rror is in-
dicted by the :dress of the 1156 order; the post-mortem routine thuruforo
cxmines this to fin! a suitcblo mess;u.

(i)

( .. ),ll

If the .'.russ is ncsctiv, then the o\Jjoct pro ::r':'.Ill h'.1.s r-..::o.chc.-d
the cnd , f '.l block ,nn;! not fuun-:l :1. jUJ:1]? in.struction. The block
nurn;Jor is n, whcr.:: n-1OO is th2 •.0/'. .lr<.-ss of the 1156 or::.kr.
;.c~-.:r0r.::sc.::; 112,5~6 ~tnc! 8 corrCf;ponc~ to orrort3 in the pro.set
rcu tines ::i.:;:; follow.::;:

1 Subrou tines nest ors th7n 32 3eep.
2 No c..~:.:rGss in. lL:,t when oxitin::~ from subroutine:.
5 Print pC'..r:'Xlotcrs outside: permi tto-:.1 rw1.c8.
6 Lc,yout :v:-,r·:m,:tvr.s cu.t,r.;id,: r,Kcrr:rL tt,:d r·mco,
8 PUiiCH inst rue tion with ir,lJ'.iOS,,iblo tr:-:.ck nur.:~)C,r,

i\ :::1r-:,m:; 7 c-:-->rrc:sponds t::, an illc;l chrctr in the ?ct r.a! by an INPUT
instruction; the- ch:--..r'"!cL:r is izi B66 c'Jl~°'. tho count of succ 0~Js:ful cntri,:;r:;
n B65.

(iii)
(iv)

tress n+10, hero 120, corr>els to misuse of Library n.
!'recs0s 31 to 33.3 inlictc isuss of the msnetic tpe pc!age,
th.:.• int:::;r,-,1 p,rt iii.~'.ic:_,.,_tL1 ·: tlL, tj';_Jv of r.iisuf;v -:mtl tlrn frnctionnl
;·.,c.,rt th-::: tY}Jv of I:i,··.; 'no tic instructir:,n in tho fm toco:1.c ~Jro ~;r:-:r:1.
The ccrrospon.lia~; ne:c,nin,:-;s r:r,:: civ,.:n in the following two t.1.)Jlos:

31 File nubcr outsil the permitto? rn.
32 l'h:J fil--: h<'.'.2 not 0--,-.:m ini ti:tlizc:l.
33 Te 'lock t hich th> fiL: ic t~; r.;t.,-,,rt i,'? outside

ne permitto. rn;;o.
c.o
0.2

b. FIL;
1 5.D

o. 1
0.3

In PO3l'rION

When the por;t-rnortcrn rou tin;~ hP.s finishc-J ou t:pu t tin: the tys of error
'.'end r.my inform::>.tion n.ssoci".t.:!1 with this, it puts out the ),)sitL,n of tho
error in tho ori:~in.::,l l\:utf)colc ,ro::r:::.rn. This is hold in co:lcd form in B64,
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in which tho dic;its ar.:: nssigno;J as followo:

O - 8

9 .. 19
20 - 23

Lr.st lab.l number; this is force! t 511 1£ no
ln.bel h::cs yt been rel in this block.
Numb,::r of lines oinc0 the l.::..et l.?..bul.
Block numbor.

The subrouti:ws :b,scribcd b.::low cc,r:1piL: those J:.rts of tho obj;~ct pro
t~r•:-.,-n wl1ich c::.lcul:,t(, tlw v::-:.luccs - whothor in flontin~; point or :i.nclc:< mode -
of l;bric xprssions, In each cnse the ta for tho subroutino is a
formulc,; or Rc,ction of forrrul, aft0:1" it h~.s Loon com::-1r-Jss,,•:: ond oditcJ by
tho inJ1ut routinJs i .,:,.,::; th,::: formul::, iEJ com11il0,1, so corrGSJY.m-~ing ::_,,.l t,Jrc.1tions
o.rv m'.'.'..c:0 in th,., ,:t:•.t,. Th-:: .:l:::t-'.". will 11~,v .: bc"n ,::x,c'Jllino::"'. for synt,·,.ctic orrors
before these subroutines r: ant.red. formula is ],'lcke:c1 in to o. scquenc c
if hnlfwords, th;.J content cf •:-. h.::-..J_f\,1orc. rc~pr:,sontinc; n symbol. 1I1110 foll.owin~~
typc,s of symbol CT,. c,,nor-~t:' 1 l)y th.: input routino:

(i) • vcriblc, wethr sinl or multi-chrcter, The hnlfwc,rd
cont~,_ins :-n indic':'.tion of whethr the v ....,_ri:,,olo is simplo, su1.1-
scri:;_:rt-.,.~ ,,r in.::...:;xi o.ncJ. it .-,1£:o ccnfr..ins nn indic::.tion of tho
0.sr;0cL,t-::, :':. "---~~~r--)s,s. For :-,_ simpL:· v.:,,rL,'.,l,:; this is th..: star'.]
23'res, for n index it is tl10 assocL,t..;:l B-lino, an·.' for n
subscrii:ite.1 v,c:ci:,bL, it is ::. pcint0r· to th-.: pl"tCC: in 2. list in
which th.:: b::tr::,; .. :~:lrc..ss fer t:1·1.t row cf V'.ri:i.blus is held.

(ii) ;, const::nt. T}:o h::-.lfwcr·1 cont'.'.ins ,:,_n i;,dic ~;tion of whothor tho
cc.:nr.:t:mt is flc::-..tin, oiat or in :ex, ,'"'.11' :1.lso its position in tho
n.ssi>ci:'.tc::! list of ccnct:-.nts. :8u;,lic.:i.tJs c.r,j not 0limin::it0d from
thoc.:: lists, 'o :.:c.::-.usc th"r, r.:::o.y be ch::·n,_-,:,,; of sin urin cli tine.
Tho list of flo-:-..tin: p·:)int ccnst:~.ntD iG :·. _:0:nuin-.;• on::, ~,hich c::u1
~)0 iutput c,t -:,ny (::;;p.:.-rtu;,ity :-..:::; lJ-,ri: of th,, obj0ct proz.rr,m; tho
list of in!x constnut: is :xrly : nccssry piece of indirect

(iii) Functicns.
CH, which, hcv no rurents.

(iv) ,'..rithmctic sL;nr:;. By t'his stag all implied multipliction
si:_::ns h-:·.v~ 1x,,,n r.;::..ck 0x:plicit. In ,::.:11i tion to the UBU"'.l four
sins, +, -, n!/, tho sin for negative multiplication my
have bscn insrte? during slitin, s prt of he attempt to
rcplce minus y plus sins.

(v) Br:-tck..::ts. Distinction:., rtr::: c1.rcJvn between '?Jr"'. :-...11.::~ ket, nnd
b0tvJ0;.:n round c...'1.d squ:crc, br:.,ckcts; but it io not neccssf:ry
to c1..::cidc whc::th ..... r roun~: br~.,clrnts arc function;:tl or .-:-.l3obrnic.

(vi) Bc,;innin::: ,m;:1 ~n:l of tho OX?JrGssion to bo corn;_)ilc:1..
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(vii) Nul1 h ::-..lfwor,}c;. I'h--:Gu re prolucud bcuse th;:: formulc. is not
noc.::,s.sctrily closo:l U~) to the loft ::1.s it is sinplifi-~d. Tnoy
::-..r-.:. v1holly i2~nor,:J in th" .:-.:..,;cri~:iticms th::-.t follow.

(viii) Tcmporc:ry v,ri::bl<.::r;, 1Joth flo.:,tin:; point ::.nc\ in:k:c. Tho h:7..lf-
w,)r:1 indic~.tcG th,:: ty~)..:.: -::if th.: v;:,rir:.blc '.'.nd tho :lssoci~,.tv~ storu
o..:1dr8ss, in much th,; ,'3'.'JJW Wi,y -::.G in ( i) :-bovo.

Tho1~0 is n.l.so th.: fcJ.lowin:: !lotion:71.l symbol, which will not tl~)~;c.'l.r explicitly
in thv ::!.,·.t,. but wl1ich it fr: cnveniont to use in the Jcscription:

(ix) Tho curr,,mt cont-;nt of thG nccumulc,_tor.

Tho subroutines hv: bocn design' to compile ransonablc, €:ough not
optimal, objuct prorm; clorly thcy culd be chrnzel so as to embody
mor,) 0l-tbor:1.t0 rules. Th.:J 0r.Ji_Jh('_sis h.:::s b~on on rninimizin~; the number of
orc:c:rr.; c-.morett•::~~, r:--thcr th :11 on minimizinc objc.ct :pro:;r'.'.i~1 runninD time;
thus there ,7.r.: no qu.'l.ltn8 ,.lx,ut c~tracoclo.s such '.7.S the 1302 ord0r. 'l'ho
prim:1ry rc~,.sun for thin is tlnt it lc,.,_JfJ to siGpL::r rules for coDpilin::'.i
but it is hopcl that the caving in compilor an? ass±rbly tire will balance
tho incr,)::uc;0 in ,:::,1.)j0ct ;:,ro ;r~JJ rum1in:·: tir:ic. .Si;:iiln.rly, inJox V'.'.ri'."..bl0.s
in cc. fJ.o,:.tinc; point ;;xi:n·,Jr:;.sion ,ro conv"rtod to flo~\tins po~.nt mole before
.:my '}ri thm0tic is :~0110 on thc-r.1; th-:. 1w,in rc:,son fc;r this is sim;:-ilicity, hut
it c:o.::s '"'..lso ...lcrcs the risk of un?tectcd ::ivorflow. J\h s~90ci:-u ::i.ttom:;_,t
h.:,s been male t use th: in:imur: <'..f.K.,unt ::if obj,,ct pror;r~~m workin:-. spncc,
0ith0r :for index or for flo·-.tin,~ point VGri'.'.1Jlcs. If th,.:: s:p:-cco o.llow,_::d is
cxho.ust:;d, t'.1is i~, t~.lc-.::n t:.J in::.ic '.t,1 th'.".t th.:: 2:x:prcc.::;i0n is too cor.1plic,'.t0<1,
.~:nd ,'."'.n crr,)r 1;10sr,;::-:._:;,, is :)rintcc1.

Thu r,ubr.<utincs h~v;_: -:-: strict :1i.:::r:~rchic:--,l c-r·:.\Jr; thus ·'.:'.:',ch subroutine
cll in :;t!:1c-rs 1-)w.::r th•;n its0lf, but 11.onG c,f thc:m c,'.'n be used ri)Ct1rsiv0ly.

'.!.'his ccn::li ti•_'.n h::cs to be irosel bczse tho totl working pco of the
cor;::_,ilor is lir.:i t,..,,l; in f ·.ct it fF"V,,s both rnachi11,::: tirno .::-.nJ pro,"r.-c1;1rning
effort. It cc·:.n b.J ·•c:1i;1v .·1 by -'.".. mti tcblo choice uf th.0 c•rdor in vJhich the
subforcul::to ·--.r-.o to bo cc:i,j,iL::;.::..

Ih ule; f th cwpilia process r st?t? in such a way that hey
cmnbL:: ,~ny .:,y:nt:,ctic-1lly c,..;rrcct f,)r:,,ul;' to bo cor.qilod; but th-:.:rc o.rc two
contc:xts in which they hve not been rdo cptimnl bccuso they will o.lri::.::-.Jy
ho.Ve bo.:.:n ch::'I.c;.,,l by th.J input o2iting pr,xoss. One of tho,<;o is the unary
plus, \;,/hicl1 shoul:'!. nlw::'..ys h.,:n,,; bo;:;n ,_:.~lotc.::l. Th,:) other is <1. r,1inus sicn
proc,::~inc ,""'. l)roduct; hcco the ::tinw:, shoul•~~ hc1vG bean ch'."!n~;,d to ::,.. plus
(or ••1-l •t·•,,·' i"f un·~r·r) ""':1~01 ")""''' y••ul-'-1"·~11·c ...... J-"n ch-nr• .,, -"'r---.l" "'"'].0t1·v- to,,.,.\,.; \.· \,,.-·~ - .:. ~ .; ,·. J.--A ._ J..~t..,.; i.d. l, _i:' .;~l.r -V •... • ·Ga ± 'iil '3 •_:.
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Th•.:: hi';hcst lov ;l subroutin.~ mcr..:,ly r0mov.;s ,_tll occurrenc.3s of tho
• • • -- -,~o•- • , • 1 •.1., • 11 b· ·ta;?e:ci _l funcb.on Li'l' ...:,,:,."~~. Tlnc h:-..s to iJ-..; '.u:1 t Wlv.i.1 Sl)CCL'.\ y : GC'.\USC 1

occurs in :1.n iw2ox 0xprcssi0n but i.r.volv~.s th0 use of tho o.ccurnul'.'.tor. This
procuso is oscrib? ns hppenin, insice n ari thr,wtic exprc,.ssi::m; but in
pr.::i.cticc it will u,su~.lly b.; :-:.one: ov..;r n. ,,hol0 lino nt snc0. It is in or<'.cr
to sve til:1. in thio subr.:.,utino th,:-.t t]·i,; ir1}ut r'jutin,:: £.-:,rmG n list of the
positions of th rzuron ts of tho function HfTCG 2 in n...11 instructicn. This
su1:iruutinc is sup:;;ilicd with ['.Il uxiliry, lepnlint; on the nturs of the line.
Tli.2 r,uxili..'.'_ry ,fotc.:rminos th0 index v:lrir.blc to which tho vc..ht8 of 02,,ch function
ITGSR will ovntully be ssiznl, n? is not lscribs? her2,

Subrouti!l(; 1. ::tc--:uco nri thmctic GJ£12.._rc·ssions by n,mg_yj.n;c'. HiT.:.;GER. For 0:7.ch
item in tho lint of o.rc;um ..mts of tho function Ii'JT.::G ~:rt, tr;.;.:-,toc:: on '.:. first-in,
first-out b:i_sis, us,: c;:.ubroutinc 2 to cor.,~)il~, tho r.rc;urn(mt into the :cccur,ml;c,_tor,
t'Jl.:1 dc,lot.:: it fror:1 thv expression; th..:n .:::ntcr tho .:i.uxili,'.'.ry to obtrtin a.
suit'tbla ind..:.x v,, ri:-,_blo, c.nrl cota)ilo .-:-:. 1301 or,::or to it; thon ru;_:,Llc o INT:JGZ:8.
by refornc to this vorible.

The s.cond lvol subroutine coilcs floting point expressions which
:
1
.0 not involv..:; tlu ftmction INT.::;u:.::;11. (Th0 c :;rr(\S)'::n:1inc subrouti1:.0 for
fixed ~:ioint v:x:;_Jressi::ms io nuticm·,_ll:r ··.t "7_ lowor lev,·:11 bocr:us-:: it -:lo,)s not
involve sub,scri:_:ib~.) 'l'I1.J structur;) of e·,iri su1Jr,mtino is r;ove;rnv~ by th.:::
f2.ct th:1t cll nri t'.:u:ivtic mu::;t b;.; :::.on,, in th,;_; :\ccur,mlc,tor; thtw once wo h::-,ve;
thu V:'-luo of ct sub..:.;,:pros.sisn in tho .:,.ccumu.J.,.tor (in tho object pro;rm), we
sl10uld .:-:.:.1 2.s ,·,1uch w•Jrlt 0n it ::-.s possibl·2 bcfor,;; storinf_; the rusult. The
sequunc. of olrs copild by this subr,:;utinc nccus.s::-.rily L:aV,;f-i th0 V:.tluo
of the cxprvssion i"1 tho ::.ccur:1.nl:1tcr, which is wher..:, it will be nGc:clod •

In or'cr to sirrlify the 'scription of th subroutine, we shall use
'rrn'' ts inclul v.rile; (hothr sir3l: subscript? or in?o.)......i/\...; --~ -· ..._. - .,..,..... ":..~ ....., ,_,., \'VJ.. .... ... .... i.;i. :H._ .._., i.:.J L,o .1. ..!. '--· __ . _.._,_.... 9
constants on? th. t spci l functions Oi an? CH'R. Tis involves ccr••
t·:dn conv~mticn::, in int.::rpr.,tin __: the ;~(;scri~)tion. /tn opor::.nd is r-::(/'.l"\kd
c.s -~ sin._:L, symbc.l, uv,.m thou:::;}1 it rill spread over sovernl hlfwords if it
is a sucritu! vriabl; in other works, pointers inore square brckts
m;~ th..:ir cont:mt,s. By 'ccm::_:;ilinc' n accumulator order involving sub-
scripted varibl., we unCerstnd th .'.'\ppro:;_Jri:1.t;; entry to 3ubroutin'" 3.3;
this will comJ_:Jilo th.:. r'.Ccumul::,_tor or.Jur :)rocedc,: by :my nc,c .,::-,1:;:.-:.ry mo:.:ifi..)r
ours. i constnt will bu flc-,tinc; :9oint nnJ is trc::-,t.:;,1 cx~.ctly like o.
iale variable; any advcnt:go tht can be obtained by chon;in; its sin
will already have boon cined in the elitin; routine. If ROW or CdAR
et})poo.rs, it is r_;;plo.ced by n tcmpor:.1.ry inc.ox V::lri.:tbl0 ecrd tho corro.s:)Ondinc
soqucncc of or'.for.s is com'_)ile'.l; this h:,.ppcms bcfcr0 the 2-ccumul;ttor orckr
is com1Jilc:l, pe:rhr,ps even '13 soon -:,,s the poinb)r r,,o.ches it,

Subroutine 2. Conr:;il0 ru:1uceJ floe.tin,': ;,oint 0xpr2ssi0n. This subroutinG
h.::'.S two ~)110.SvS;in th,, first it finds c". suit,--,_bl.:: Oj)cr:=:n,:~ to ri.;pltlCO by



1 •Acc', n? in tho socon,:. it r.bsor'..)a :;;y,nb,ls of the cxprcssi-:,11 into 'I.cc'
st:?l) by step until thi:; is Il-'.) lon_;;:;r :1:)0ssiblo. If nt th2 end of the; scconc.
ph:,so the expression hrs beon re?uce? to th0 sincl0 syr.1bol '!Lcc' then the
suhroutin~ is finis,½;:,·}; oth0rwis..; w::; n,:;_--;l-.c-J 1/:,,cc' by n ter.1por,'lry V'?.. :ci.:::blc,
com;;iiL, o.. suit.~_tlo 356 orr!or r-.n 1 re-turn te; th,; first ~)l1.:--,GG.

Th scrch fr uitable op-rnd is controlled by a pointer. On thco
oriincl entry to the subroutine this pinter starts t the right-hand and
of tlw c-::qros,,,icn; on o. ro-cmtry to ~,h.::.,:::,:: on:;, from :,h.::.,s.:; two, it stz--.rts 2-t
the t~r.1por,ry v.:triC'.blc which hn.s just rcpl:-.c ..:.l I i.c:c' in th0 o::.rpro.ssion.
Du:cin;_-:; ~)11:.ls"' on.:: tho pointer r,1ovc,3 from ri;::ht t~: L-:ft symbol by symbol until
it firn..1s 0110 of th0 f ollowin~: ;',itu::tions:

( i) Thv function INPUT, which is th•:) onl~, function c ther thDn I°(Ot,/ or
Cd/1.lt which C"J1 b,:,; fuunl in this .:1l~:.v:;0. k::pLtc0 this by 'cc'
.,nc".. compile- th..: ·1:-:,propri 7..t::: libr~-ry c ::--.ll.

(ii) Rund r, or the lft-hand cn? of the aprssion. This must be
f:Jllowc.: by op0r:·.,n::'.1 'plus' crn3 or 'minus' opernd. In tho
first two csos corilo a suit3bl0 24 or 1521+ orc:or; in the
third cs> coile ; 325 or 1525 or?r. 5n dlet: tho sin,
if cny, n? r0pl.c: the opern! by 'cc'. Hawver, there is a
p,Jsoiblo r;;fin,;rwnt. If tho br-:1. is pruco~l0:·1 by (-. function othor
than RA[I±!S or D.GS, n? the rumcnt of th function is n
un: ·in! fl0ting point cpend, then w> cn form th,,) function by
a single crier.

(iii) ,Stroke, proviJ.:::d th--:-.t tlw n,__.xt non-o;:i-;:..r,-,_n_: on tho rir~ht is :-i.- - .
strok,: or "'· positive; or n"c~tivr; multiplic'"!tL,n. ..r.bl)1'7.cc the
symbol ::SL,r th0 stro~,::, \r/hich must bo .'n o·~-:i..:r:.m,J, by I Ace' :md
compile a 324 or 1524 orJor.

(iv) Plus or minus, provL:2.~ tb2.t t~w next non-oper::m:: on the right is
stroke c.·r 2. ;)or;itive or nec~,tive multi:plice..tion. .i-kplace the

symbol :Seer the plus or mim;.s, which must be an opern.nc:, by I Ace 1;

if the si.:_;n w:,s plus, com:-JiJ..c a 324 or 15211- orJer; if it wed, minus,
ch:mse it to plus ('.!). .]. com~ile c'.. 325 or 1525 order.

The.se situationo are mutu,lly r,xclusivc, .:end c2n therefore be tested for in
:-L.'1Y o:c~1er; moreover one of th0:n mu:;;t h::1ppen ev~mtuo.lly. As soon ns we have
foun;:l. one nd taken he proper action, we enter the s2con? phase.

In phse two we GX!1mine the neiGhbourhood of 'Ace I to soe if it fits
any one of th;; folJ.owin.~; c'.escriptions. Notu that these are not mu tuB.lly
exclusiv:~, r.m-::1 h:wc therefore to be ex2JI1incd in the order siven i nlso that
W8 only CX':Jlline ::t ::escription if we hqvo f'r:ileJ to fit nny of tho previous
Jescriptions.
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(i)

(ii)

Not symbol to the ri,:;ht is a. stroke, Delete thg stroke nnc1 the
symbol followinc it, which must be n opornd, and compile n 374
or 1571+ orc1.er.
Next symbol to th3 ri6ht is 3. positiv-2 or ne6::-:tivc multiplico.tion
sign. Delete t,lis sii;n cm:~ the symbol followini it, which must
bo nn opcrc.n<J., and compil-3 a 362 or 1562 or}or for a positive
multiplication, or 363 or 1563 orler for a negative multiplication.

If neither of thesc cses hns occurre·:~ thon the next symbol to tho right must
bo :?lus, minus, n. round lrnt or the enj of tho cxpreGsion.

(iii) Previous symbol to the left is positive or ncse.tive multipli-
cation sign. If th<: symbol before that is m1 operand, delete the
op.::rc.ncl c'.'n.:.1 multipliction sin, nd com9ile a 362 or 1562 order
for a positive multiplic:-,_tion, or a 363 or 1563 or2r for a
negative one.

(iv) Previous symbol to the left is plus, minus, round bra or stctrt of
exprvssion I o.n ::1 next symbol to the richt is plus or minus. In
thj_s c~,s0 the-; next but one symbol to the ri,::;ht must be ~m opcrond;
dolts this o2rand cnl t!e plus or minus that recodes it, an?
comilc nan orer accorin; to the following table:

Charactyr before 'cc'
i-forns Other

Flo±tin;
1i

Index
InJ.:x

+

+

322
320

1521
1520

320
321

1520
1521

~'ioroov Jr, clv:nc;·::: th,.:: ::.·7:::hoJ. 1::,:; .fore 'Ace I to plus i.f 2. 322 order
w::..s compil-.:d.

( v) Previous .::,ymbol to th__. loft is plus or minus, which is pr..:c,~Jed
by an operand. If th symbol before th2 opernd is plus, minus,
roun ..' br: or the st.rt of tho exprecssion, proc..::e:l n.-"l follOi·Js.
Cor.rpilo ,n orclor .::ccordinc to th<.1 ?o1J.owin;; t:,blc:

,Symbol bofor2 1 Ace'
+

Flo«tin; Minus
Other
Ivlinu,s
Othor

321
}20

1521
1520

320
322

1520
1521

Delete th opernl, an! the character before it if tht is a sign;
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cnd if o. 322 or?r was compiled thon chcn.:;o the symbol before
1 Ace' to a plus.

(vi) Previous symbol to the left is plus or minus, preceded by a. round
bra or th,J stctrt of th·-:: expression. Delete the sin; and if it
ws minus compiL) ::. 322 orer which refers to tho constnnt +o,
which is available in the package,

(vii) Previous symbol to the le ft :i.s round br8.. In this c,::>.se the next
symbol to tho right must bo round ket. If tho symbol before tho
round bro. is a function1 compiL, tho order th'3.t calculntes it .:md
deld;, function, brr.t ,'.'nd ket. Othcrwiso simply delete the: brn
nn:1 kct.

If tho des-::ription thD.t wo.s found led to ny action, then repeat phase two
with tho ne:w situation. If it led to no nction, or if no suitable des-
cription WD.S found, th·cm e;ither E:J~it from tho subroutine or return to phnso
one o..s dcscrib8d nbovc,o

It is nlso neccmsnry to considor in :i0t::-,il thG rdtction between the
symbols use::1 in th.J description '1bov0 ~m:1 tho 2.ctu-'..'.l strinc of h::i.lfwords
which reprcscmts tho expression. '11he symbol I Ace I is never held in tho
store i it corresponds to n sequence of null halfwor~1s, nnd it is rcprc,s0n-
tG:: by pointers to the first rmJ l'.'lst of these halfwor'.ls. Dclotion in
ph-:cs2 two involvGs increo.sing the scope of I Ac'. Pointers are moved by a
pair of internal subroutines to find. the symbol before or nftcr s1. given
symbol; these ove one hnlfword .:,.t n time, tostin[; for the ends of the
e;x,ression and inorin; null halfwords and square brnckots nnd thGir contonts,
On r,,turning from phzsc two to phase one, the cxy.>ros::::;ion is contracted to
tho loft by ri:lmovin;; thos-:c null halfwon1.s which consti tu tGd 'Ace 1 , cxcopt
for th0 one into which the t2miJor2.ry vo.riable is put; this is not logically
n0cussn.ry, but it :::':1.ouL'. st,_v.:) time.

This is th;:; only subroutin;) which uses t,,tn)orary floating point
vriblcs; n! the description above shows thet it uses them on a strict
11,::-.st in, first out' bo.sis. ':k: cc-.n th0roforo control the ~llocation of
storage registers to these varicbles as follows. (e assume that tho
r:gist.rs available ar consecutive, and that those with tho lowest ctd
lresses re to be use? first; but only minor ch;es in ths description
would be nee?s? to chugs these conventions.) do hold throughout th3
e.ubroutino c. nu;:.1b,ir, which is th..: ndc1r.os,s of th ..J n-.?xt r-::gistor nVi:!ilnblc
for uso. On :)ntry to tho subroutinv, this is s.::t to the first a:''.dross
:--,lloc:i.tod to tomorry vribls. It is increase? by on·., every timo 'Ace 1

is replncod by r. t-:mpor,::ry v-:,_ri:J.bL, e.t the end of ph.~.se ti.10; nnd it is
decrease] by ons whancvor any other order involving a temorary floating
point vribl is compilsd - the now value of the numbr being in this casG
also the dress of tho order comiled. Thus in the representation of the
expression in thu store, wo Jo not rnwd to hol,~ the addrass of tho b.::mporo.ry

27.



vrible; we cn sinply use tho same sybol for ll tamporary floating
point variables.

Tho reining subroutines deal with index 0xpre:ssions which do not
involve the function DJT:~G~R. Boc::1.us0 of the method usu}, for c!o,:1ling
with this function in ;3ubroutin;a 1, w:: c,:mnot use the simple technique
above- for controllin6 t0mpor:1ry inr'.ox v:,.rfr:blcs. Instoo.cl, n tompor::try
index variable in th; expression to b compile? is ruprcsentoJ by n h::tlf
wor::1 which contnins the number of th<~ vnriv.bl..:; -:mJ to each pot~ntinl
temporary vrile we assign c mrkor which denotes whether it is in use
nt tho moment or not. This m2rkor is c.'0t to I in use 1 whene:v,)r n new
tompornry vnric,blo is supplic,l - tho v:,ri<'.blc being the ono with srnc:tllest
a~:drcss .2mong thoso ci.t :rrcsunt not in uso; tho m2.rlrnr is rasct to 'not
in uso' whcm0v0r tho v2.ri......ble is uscc:l to chno the value of mother
V,-:tri:-,_bl0 •

A~Jc,rt fror,1 tho spcci,'.:'..l trodmcnt of tho functions IEPUT, en.An ::md RO'd
in .Subroutine i+, the only or::lcrs o..ssC'mbl'-"d in th0s,; routines 0ro 120 to 124,
1302 .:-.nc:. 1303. If th0130 combine the: vc1.lu.:.:s of two tomporetry v.1.ric,blos,
then th-::· r2s1,1l t is tho nc,w v::-.lu2 o.f the- tr1mporc..ry v:_•.ri:--'.blo with th0 lowGr
address and th other is rclo,~_s._:-:'l; this conv.Jntion is imposed so thnt
.Subroutines 3.2 rm~: 3.1+ shauld compil0 2ssi_;nm,mts to the t,)mpor0..ry vnrinblo
with tho low,Jst possible t.t:.:ldrc,ss, :::.s thG s:p0cific2.tions of Librnry routines
o.ssumo. If tl1>..c orckr ,'.'.ssombled combi1rns tho vctluos of n te:mporary :md n
nnmcd v::~rinble:, tlvm norm,-.lly tho re:sult is tho new vo.lue of tho tomorry
vribl; tho only cxcaption is ?ascribe! explicitly in Subroutine 3.1,
whore th result is tho n valuc of th nmasd variable nl ths temporry
vnri:::.blc i6 rolv·.sc·.1,. 3u)routin-.: 3.1 is ,:-_lso tho onJ..y plncG where tho
v:-i.lu,:;s of two nc:rn.:::·l v:1ri::-.."!:il,__.;:, "1.r-:. cor:ibic1-.,.:l. TlK function po..rt of the
or?r compile! is etcrind by tho arithmetic involved,cept in the choice
botwcon n 120 CL'1(.; 122 or,2·.;r; h:r ws choose so th.t the result has positive
si;n in the cxpr0s;:.,ion b-:,in;:; !:'..ss....-rnblcc':..

'Il1c oth01~ op:JrOJ1:1s th:ct cw cccu!' ,~'.re constc.nts and functions - tho
lo.ttcr oDly in .3ubroutinc 4. Tc 0~ch of th~: throc pos.:::iblc functions
corrcsponJ,s c-n. Autocodc-_-r;:,--::ckc'.:_;c subroutin.:: \vhich lon.f.s B83; .'..>.s soon ,'.:\s
on of th.:::m is cncount:J:c::: ~, ':!,; compile: :m Gntry to the corrcs:_)onding
subr".1utin-.)1 folJ.ow.:;-:1 in the cr:.0:::: of O by ,:t mnnkinc; order whoso :,r~_;umcnt
h,-:,.r;; bc(_;n set b;y a previous TRACI instruction. Wo thn replace tho function
by a psouJo-v:"'ri-:,.ble n.s.soci.-,tod ·,vith B2,D, Hhich bch:-._v,":s cx:-,ctly lik~ a.
tam1)or::1ry vnr.i.,bJ.0 except in two r;.;spoct::.;. It Joos not h:,.vc n 'usod -
unuso;.:11 :;10.rk;:;r, to be: ros,..:t whon it is rcL:".so::1; end it docs not count
as temorry vrible luring the scrch for one in Subroutine .2

So fnr ,:cs mul tiplic!:.tion is conccrnuc1, ,~.. const:::mt is truate:d 0x.::i..ctly-
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ll.lr·" .., U'"'~l,.,.~ v-,ri·~bln• •1-J1i·s co·•)''·"' •••i"th Subroutine 1+. The .:i.ctiv0 pc:.rt of• ._,._J ...,L I. di. Ua t{ ts ' l , j .,__. ..__. ;y -•

".XI.Y oth0r sub;~outinc) is concorn-)J with m::mipulr.tin~~ ::n elcmen t'.'.ry GUill: th2.t
is, an cpression continin; no brackets, products or functions. Tho first
step in thiB io to sc.-m throu.:;h tho ox_:Jrescion (from left to ric;ht so o.s to
simplify doC'.lin_; with .si0;.w) look:Lnc for pe..rticul:,rly d0sire..blo vc.ric..ble;s;
the definition of those lepnls on tho subroutine;, but they nlwc..ys include
tho tcm~or:try v::u·inblc with th--:: ~,r,1:'.ll0st c.. :1.,:1.r,;;:sc. Th0 s~mc scc.n deals with
const::-.nts: w,:; 1;:,0t ,'.1 numb0r ini tir..,lly to zero, nn:l whon w0 find C:l const2nt
W,.) ;foloto it (::'.,."l'.l tll,: plus or rainus that prcccds it) cn! add it into the
numbe:r. Th~, numbGr ic then usud as the dress part of the next orde;r
compiled, with sii.,"r.. ch::.ngod for o. 122 or 123 or:';r; ancl it is th,.m r,,r:;ct
to zero as n mar'er.

Subroutin•..:s 3.1 :me-:. 3-3 wholly doL,t,: th:) original exprossion, rc
plncin,:; it by null ho.lfworJ::, i th0 other cubroutincs ropl:,.co the 0xprcssion
oy o. r-.::~1uc-:d form of it, not n.::cc:ssr:,.rily closod. u-;1 to the left. For this
prpos, Subroutincs .3 and 3.+ rear? the ex:proosion rts includinc tho
sub,scripto:l vo.ri".bL~ nn:1 th,: squ,Jcrc br,1.ckots.

Subroutine 3, 1. Compile r,:., :'!uccd. in-.k,x 0X:Jr·ossion ns v,~UG for named vo.rio.blo.
ii cn ii.an.Ti-5le no Tr€ vain. 5 veo Su@Gu±ki
to re:.O'.uco the ,:xpr0ssion to mi 8lomont.'.".ry ,sum. Sc '11 throui:;h this stun,
do,'.llinl~ with con:.:,t:-ntc ~nrJ. ,'.l.lso lookinc for tho tnr2:'"t vnri2.blc! (on its
first appearznco only) n! the t cm;iorr.,,,ry v.:.1ri2.blo with srnnllost {1.dc.~ross; if
cith0r or both of th0~:;-2 o.ro found, noti.:.' thor.i ,1....11:~ dc:lct<} thorn and their signs
from th,, e:x:prG.ssion. If ;~c b·)r,1por~ry v~ri'.:'.blo hr-..s been found but thore: ctro
o.t l:cr--.st two o:,,,-::r~'1.dG left in th.:.: 0:xprcsr;ion (or if there is just one
opernd, bxt both it nd tho target varizblo arc negative) then dolctc ono
coprnl, obtain n! not new tcmpor,~.ry V'.'lri:-.blc:' tdt,:n :?Ositiv1Jly, and com-
pilo a suit'le 121 or 123 or2:r.

If \l _; now h,'.'..V" a tcmrry vrilc, scan throu .·,h tho oxprcssion aco.in,
mcrginc op0r:mds on..:: by on) into th,: tcmpcr'.U'y v0.ri:-tble:; o::.ch raer-sc in
volv2s ?luting the cpernd fr th. L':;:pre:ssion, compilinc o. 120, 122 or
12L+ order ::m,l (:for o.. 120 or~1-:r cnl~r) cl1:::-.n;:;inc; tho sicn of tho tom11ore,ry
vo.rinblc, from minus to j)lU.G. If th..:ru is no t0mpor7,ry vo..ri::tbl:) but the
cxpr•.:;sci,:>n still cont:cins :m opcr:-.n:1, th0n note this as if it wcr8 a. tem-
pcrry vcriblo and !lcto it from tho expresrion. (Thus at this st;o
the cxprci::;sion is tot,'.'.lly rLlct ..::J. ) Fino.lly, find which of th-3 four nl-
t~rnc.tiv •.::s below corresponds to th.J o;;oronds notucl nn<l "-Ct :i.ccor,lingly:

(i)
(ii)

(iii)

Ne V.'.'.ri:".ble,,;. Com~1ilo :-, 121 or:'.0r to sot tho tn.rgot v.:.1ric.blc,
Tr,zb vribl only. Copile a 124 or 120 order accorlin; to
the sic;n of the tCLrgct v;~ri-:::>.bl;:, to incor;_)or:::.L tho const2n.ts.
Non••to..rgd V:"'.ri::cbL:., only. Compile 121 or 123 or,l0r to sot the
tnr0:::t from the: non-t,:.r;:;0t v,ri<'.'.blc, n.ccorc~ir.g to the sicn of the
latter.
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(iv) T~rr;ot ::..n(~ non-t;:,.r;_;ct vo.ri.::-hlos. First, if both these hn.vo
ncc;_tiv0 sir;ns cot:1:piL r. 120 0!'·1CJ.' tc chcmsc th.;:; Si:)1 of tho
tompor.,ry v..,,ri.:tblu; .:1..11.d noto this chnce of sicn. 'I'hon com
pile n 120, 122 or 124 or,~cr to ::,_bsorb th,.;, r.on-t,,r:$'ot into the
target variblo.

Subroutine2:_. Compiler2'ucg? inloz eypr2scion s value for temporary
~7}.:i-::tb:1£. U3,J Subroutinu 4 to roc1.uc0 th.:i :::xpro.sr;iun to mJ. olom;:,nt,::.ry sum;
:me~ thon uso Subroutin0 5 to clo.'.1.1 with this. Tho tcmporo.ry vari.'.'1.blo o.s-
sicncd to this will b..:: tho one with lm.,r..:;,st 2.:~:lrcss .'.".monL; thos0 which arc in
tho cxpre:csion or :w.'.'1.ilc,l}lc for us0 in it.

Subroutine: 3. 3. ·I1m)lcme:nt cor.1:)il'.".tion of '.'.n crdor rGf(,rrinh to a subscri:}ted
G@@. Te Es fr Eis siboiin, consists Enc5on par of Eke
GE.aF-Ga c point.r to tho halfworl in an pr-scion which contains the name
of tho subscripte~;, V'.U'iobL:. First u.so .Subroutin0 '+ on th0 subscript to
rc~:uc,.1 it to CU'1 eL:m"'ntetry sum. ,3c,·.n throu[:;h t;1ir.; sun, dealinc with con-,
stc:nt.::; r.m.l lso look:in; for the temporary vriaolc with srnnllost nd:~rocs,
.:--.nc1 for on;,; other :;_:iositiv-.; o·)orr~n,li if .;;ith0r or botl-1 of those nro found,
note them nd delete them froG1 tho 0xprussion. If no t..:mrporo.ry vario.blc
h.::·,s b,.:,:m found but thoro ,'.:.re c.t lo.::tst two opor:;,n;fo ld't in the ..;;ci)rvssion
(or onG nocntiv0 one), then delete ono opar1:nd, obt:::.in and note a n-:;w tcrn
por.:::.ry vnri('.bl-:: tckon positiv,)ly, ;m,;: com:_:iil;.; o.. suik,bl2 121 or 123 order .
If thor0 is no L,m);ior.J.ry vc-.rfr.blo but th0 ox:,orossion canto.inc just one
oeran, which is positive, note this as if it w~!r,:., ~ t::m?_)ornry vc.rinble nnd
delat~ it from tho subscript.

If thor0 ::.-.ro still opor:·'.11.(1s i!1 th.:.:: subr,cript, c.n:~ hcnca c._rtctinly c'\.

traporry variable, scn through tho subscript c@in nergin; operands one
by one into the tor.rpcri7.ry vnrio.ble:; ;.,s ::,.1)ov0, C'.7.cl: mor,;o involves dolctinr;
the o:~10r-:1.nd from th_, subscript, cor,1?_Jilin;_; ,'.'.. 120, 122 or 121+ ord"r <md (for
c1 120 ardor only) cha.n;.;ins t>.~, sicn of th-2 t,:.:m:,ore1ry VD.ri'.:'.blc from :'.)lus to
minus. If ct tho nd of thi scn th. tmpcrzzy variblo is still ncgtive,
com11il-:: ,7. 120 o:,-:1':)r .'."...n:: not-, its chm1c,., of sicn.

At this st:.,0o tho subscript is tot::-.lly ,folctod. Ac::1 to th..J number
rC::~.)ros-.:r.tin;:; th0 coatribution f1~ou '_,hv ccnst.c.:,nts th2 bns0 address corres
ponding to the nam2 of thc subscripts' variblc; an? delete this nnmo ::'.D.c1
th.:; squ:-trc bruckets. Fi1r.lly com:::iilc tlk or-1.c:r 0ivvn, usinG D.s mo~ifiors
the two vri:bl.s noted.

Sy_routine.±. ggtrgf_gncg2'regs_for subscript_c_ ygrip_blgggtmpor3ry
y9rit~blo. 'l'h-.: :\.:h. for this is ,.:.. point-.:r to th.;, hr-.lfword in ,'.,n cx::_,rcssion
vJhich canto.ins th,., nrunc of the subscriptel V.'.'.ri:'.'ulo. R0pl::i.cc tho nnme by
tho bc.00 ct:1.Jross c~.ssoci:~t;,:l with it, 1.-:.,letc the squ:1r2 kot, nnd c1.c:let0 the
squc-.rc br~".. or ru1:ilr:..cv it with plus nccor:~inc ns tho subscript does :>r docs
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not st.,rt with .::1.
crassion to n
thi.::;.

si:;:1. U::::..:: ,3u.brc;utJri0 I; to r:du<.>.::· t210 rosultinc sub-
cl,.::r;iont.".ry mw; .m~: th0n use: Subroutin,; 5 to ·1-02.l with

In :.:r.c',C tic(;
or!ers.

-Subr:iutin0 3,2 wilJ. 1K c1ono by tho snm0 [;roup of

Subroutine'E; Put2zuco! in!x erasionintth. foe on clomontary
~• Tho ~rnbroutin_i is controll..:.:1 by ., pointer which ::;t.~.rts w.t tho ri.:;ht-
lr.n1. e:n~: of tho expression and moves 2ck stc by step, inorint; null
hci..lfwor.:.s. Aft.Jr G,.ch st,)p the subroutin-.::: t0sts wh2ther tho pointer rioints
to cny of tho four Ditu:otion.s b::lcw; notu th~it thes" :1.ro not mutunlly ox
clu::,ivc on,_: h0nc,, mm:;t bs taste. for in the orlor stc.tt::d:

(i)

(j_i)

(iii)

(iv)

'I',:;mpor~,ry v:-:1_:,:·i:'..:Jl2, follm,1,1t1 on th-:;- ri,_;ht by .::i. multiplic-".tion
izn, ergo this variblo n? tho rn,xt operon,:i., com:piL; ,., 1302
or 1303 or.'or, and dulct one opera? nd the multiplication sign,
'f:;r::rpor:'.ry v.::-.ri:--.bl;:; :;_,r.:.:c,, :-.:•:~ on th:, loft by .'.'.'. raultiplic.:i.tion sii:.,n.
I the previous ch:r ctr is n opernd, mrg. it with this
v::.ri::::blc, com~'.lil0 a 1J02 or 130) :rJ0r, o.nc:'. J0lct0 ono opcr2.11.d
.--,:1(1 the- multiplic.~.ticn 0i:;n.
O~JDr:---;1c~ fclL;wJ;l en the richt by multilicction sin but not
pr-~,cc::,.:-:: by 011.,. Obt-'.'lin :. aow t.:.,m11orD,ry vnric.blc cm;l sc.t it in
the cxprossin in :.,1c.c.; of thic opor·'.11:l, cmc~ corn;iil,} tho corros
hon:in; 121 or?r.
noun~: br,'.'... A;nly 3ubroutin0 5 t:; tlL sub"xpr:J.sGicn strictly
b:1h,c<;n thL., ron::i:~ brn. ::...'1 _, th:) n..:xt roun,1. !-::..:t to the ri::;ht; thon
delet·· th0 rem~~~ br:·.cJ,:..,ts.

Ii' tho ~\:iscri'_:.>tion th·:i.t w0:r: fcun;l lcl to ::my :--.ctinl1, t:1.:cn rosot th.:.· point,::r
to th.J r8sult o:;- th..:: ,:.ction r,..r1.: t;..,c;t c-.c;~in for ,~ny o[ th;:; four situntions
list-.::! i note th::.t thi,c; r.1,~,· m,:,:-.n m,winc, th.; ~:;ointor to th0 ri;·;ht. If no
.:-.ction w::s t:'ltcn, ::.,r if t:·1.:. .J.ctu-:--.1 .situ.J.tii)n fitt,;.;:: rn:inc of the doocri;;>tions,
L1 ..:m ,,lG'L th,:: YJO::Lnt,.:c b;;,ck ::2.1ot:1or st~i•:i. i·1'l1::n th0 •Jointer ro:1chcs th~ luft-

.;.; .•. .i,;

hn! sn! cf tho zprs:ion, the subroutine is finish1el.

2bruin9?: Sil UN.DEY3A value £or tIor_±y Ariel2. Sean
t'.:J:'C>v.)1 the sum, ?cling with constnts and also lookin~ :for th0 t,.,myior,'lry
vzible with 1:_;rn:-,1:;..,~_.r:.;t c.':L'.r::.-ss; if th:i.s is founc:., note it -::-n::". :~c·luL· it
from th:: ~,um, If ~:o t::::r.r~::)r.:uay vari::-.bl0 hD.s 00.::n f0un '., obtc.in o.nd not,, o.
n.Jw onu t:'.k::;n ~:;ositi·ikly; if th.::.r0 ;:l.r.J O:Juroncls still in tho sur:1, c1.:;lot0
,mu of th0r,1 :m,1. cc,::ipiL, ,':. 121 or 123 orck·r o.ccorJin,j to its sicn; if :not,
com)il0 .:\ 121 orcLr to d0 ::,.1 wit}1 tho co11ctru1.ts. Now sci:!n throu,~h th;_; ox
praG.sion nc.;o.in, J':JC:r,,inr; opc:r:m~l.s on.,, by ono into th0 td11:'.J:Jrti.ry v~rit'.blo;
,).:i.ch r:L:r:_;0 involvos ,1ulotin__; th0 OJ,~rc.n:1 from tlw -,xprJssion, com:)ilint; a.
120, 122 or 124 crckr ~('. (f,Jr :c 120 or'r only) chngin; the sin of the
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t crn".)orary v~ric..blo from minus to plus. If re t tho enc:. of this th:i tcm:;}Or.:'.ry
v:i.ri,:,_blo is still nocc-.tiv,..:, com::iilc o. 120 orct.;r to change its si. ;n, Tl1vn
if tl1-1 ccnst::-:nts mn.rk-:;r is non-zoro Cs:· th:,t no ordi..,r h:1.r:: y0t boon cor:1~1il0d),
compile a 124 order to lel with tho cm1st::-.nts.

Finc,.lly, writo to some hnlfword of th-..: c:;;:prossion (which is now null)
the symbol for this t ;;-m:por,:,_ry vnri::,.bl,3; :,.n~1.. ,3xit fro□ tho subroutin0 o

lJJ.1 Autoco·:k i,rntruction of r:.....YJ.y p·rticulr typo may be rear&d as a
fixed syntactic formul.:1. w'1os..:.- ;__,:i.ps, if :11y, cont,:,_in rmrnb.:::rs, VC'.ri,:,.blos,
lab(_,lr,, or infox or floa.tinc point expressions. The contents of th-:: caps
11rcviJo -::.11 tho vo.ri::>..bility in tho instruction; in effoct they ar<..: tho
,:.rcumcmt,s of rther clumsily writtn function. To oo..ch typo of ins
truction corro.spon.:J.s o.. trnnsl:-..tion routincj this un.y compile or0enizationnl
ardors for tho object pro;rm, or update the long-tor :i:nformf'.tion hold by
tho compil.1r, or both. If noc0ssc.1·y, th0 trnnsln.tion routin~ will c::-..11 in
a subroutine for dlin; with rith.sticl exprossions.

With this m0tho.: of tro..nsl:cti-::m, thor0 is n corros::_::iondencc bctwcon
Autoco,10 instructions in tht:: sourc0 pro:~r:1m end sections of mo.chino code in
the cbjct pro;rm. o iuplify Rescu-, wo wish t make this correspon
,\:mc,_, explicit; so w,, .:-.:;:r':'.r::__:;o thci.t whil,: th,, ohjoct pro~;r.•.r.1 is boinG
obcy,::d :: pr:rticul:-.r B-lino shc..11 .1.J.w.::..ys canto.in t~1.:i lino nurnbor of tho
cur:ront lin.;::., in tho sourc.:: :;::,ro,_:;r·:,.rn, 'l'l1c contcnt of this D-line must be
reset at the boimain; cf crch soctin of cbjct pro;ran; bccus of tho
possihility of vxcou;linc; tir.1<0 or sutput li:.:its, \,10 r:mot c}o this Jv.:,n if tho
section of object rocra ppurs incpbl £ aitorin. Wost trnsltion
routins will therefor. compile n crlr to resct this D-lino, although this
will not b0 ,stc~to:1 ox)licitly; th0 current lir.o numb,..:r iG n-::c'-'ss.~.rily hGld
by th-.: input routine, inc it is ncl! by the vrrcr exits fror.1 the compiler.

It is convenicn to think of the co:piler s working in to phases, In
th0 first phase it rls r Autoco? irwtruction into the: stor,.c, oc'.its o.nd
compresses it, cnl checks it for syntactic corroctncG,s. In tho second
phso it rccocnizcs the typo cf the instrv.ctL,n, o.nd .:.:nt0rs th-:: :c.p;:,ropri,.-,_tc
routino to tr'.'nsl.,L:i it j thoso ':'..ri, tl1G rcutin,;s ~1.,)scriboJ below. In
practico, th int.rfce is sor.ww:v.t ,:iffcre:nt, boc,'..1.Uso tho type c,f cm Autococb
instruction is uniquely actor.in! y its firot f0w ch:-,_r,'.lctoro; thus tho
first phc-.so contains one routine for 0,::,.ch instruction type, cmC: thic routine
lcncls strait;ht on to th0 corrospon.:.inc routine of ph:.t.s0 two. Fer ccrtc..in
typos of in::;truction, in:,ut .'.Ult:. tr:m.:;lntion :;o on at thee srL10 tir.10; thm,o
nr0 th,J er.sos in which th0 tr~·11sl '.'.tion procc,::::: iG unuGu;:.\lly si:-.1plc .:-.nd. in
which th; instruction zui;ht reasonbly be so long th:t it coul! not all be
h0ld in th0 stor0 nt onco:
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(i)

(ii)

(iii)

(iv)

Pro,·•r-~::: block :-_m(~ subscrint,:< v-cric.blos ducl::-.1':'.tion.~ • -
each declaration is rec? n' trcnslate! by itself, in
s.--w0 s}_)c..co; but wu n..11.-:.,,ll i~1;11or0 this \vh•:m wo cor.1-:: to doscribo it.
Squ.~:ro brackets ..::nclosin,:; conn. Or.. rue.dine; tho squo..rc bro.,
set up a count of br.:lckct L1cpth, who,:=;(; ori.:.;innl v.:,luo is ono.
'l'his count ir-: to be incro ::.s--d by on,, on rc-.::i.Jinc o. squ:-:.rc.: brn ,::1.nd
clccro.:--.sod by one on r.:,n.Jinc ;-:. squnar !ct. he comont cn:'s with
tlrn squclr.J k;Jt ~-,_t whic11 th0 count bi.:cor.,cc zero i wo ;:;ust thon
verify t:1:ct th..:: r,)ct of th,..: lin...: in the ,source 1,ro1:r.'.'L1 is o:;;:pty.
·:rI'I'L.s. Verify tlw.t the- next chrctor is ,.._.._ colon. Thon rend
ch2.r·-.ct;:;rs frou t'.1-: in;:iut Gtro'.::.::J .:,11.::1 writ;:; thou to tho systcr:i
output str•.,:'J:i until cnothcr colon is r::::-td; t!1is tcn;1innto:3 the
title ;:;_nJ ic not its-:,lf 01.lt'Jut. Tho cor:1:')ilor r.mst koG'J .'.'. record

.!.. .;.. .l:

of t:1"' curr.mt int0rn:,l-cc;~\:: shift in tl2.-:) output str0('J.1 o.nc1 put
out shifts wh.:m U<.:CU;;s,::.r~r; this rac,::;r,1, is i:1iti:-,lly sot to 'inner'
:.m,: rn.1.nt bv left so c:t the ,m:l of th-:: ti tla, if nvCG:J.s~ry by out
putting n cxtro 'inner set'. To ch-.r,-,_ct.:::rs, othor th'.'.11 colon,
11,.,0:J. spocL.,l tr0.'.l.tr.i.::nt: o. ~suffix 2 r:mst be rc:pl;-,.ccd by ::. S)~'.'..co,
:-'en-:~ c. ncwlin..:: uust b-::, :,ut out '.Jy .:t 1065 0 0 2, 1 01°i~cr c.:id Lust
rcs..:t th-.; output str0nu .shift co.rkcr. At th nd of tho titL,,
v.:rify th:J.t the r,1st of th-' line iG udpty.
T3. Tis is trct? i essonti:lly the same way as TITLE, except
that instod cf outputting c chrcter we ccpilo a 1061+ or:1or in
th,1 obj0ct pro:;rr.v:.1; notu th::t for ~ nuwlins.: this is 1065 0 0 2, 1

In f''.:-.ct,

or:lcr to

T1oro c.rc two otl1<:.,r ty:;::ir:o cf !-mtoi:::o '.u inctruction which '..'.T'.; C'.l'lon-::lous in th:,t
n.::i tlEr oc cu~ic.s t'. lin.:.: t.::; i tee J.f:

(]..\) ~1-1 A11t-·c'-'o 1"1)--7 c-11c,-~ t11·- C·.J·rr···.r.-)r,n:11.·n··o n,,cJ11·n, co•7' J.,-,b·,1 to 1,c.J- l,! • \J '-'~-I..• '·•"' .,_,,.,1. '• .. .._.)\.,....__, • '-' ' V~j; '-.., .:. ....., - 0 1!.ol., . .., J, ,., , .• \_; L~ •.., ...J .

CGL;pilolj this COi:,:';,il::-.t:i.011 inclu·;:(iS ,, chock thnt tho l.'1b,)l hC'.r:; not
bosun uscl bfo2, 2n2 y ncssr uplatin of lists. After this
hs been Cons, th vricuc lino counts in the compiler arc chcnzcd
so •'.".G to r:)f..;y ts. tl1i:=; l.-,b0l rr:th.::r tlJ-,.:.1 th--e ~Jr0vious ono; but
the;r,; is nc clrn0c.- if tlk pr.::vio·i.s l.:.b0l wc.13 on th0 s.:u;10 line.

(ii) Roun! brckct ?unotin: kuy O option:l copilin,. Those many be
tre:.-:-:t,:d .:is on3 utocoe instruction or cs to. If ,_\ rouncl br:::i.
is 1·c,:1:·'. i.J::Ln kuy O is not set, th..,n tJ,; rc,o.J c-.n:l i:_-;11::ir.: ch::--.r:-,_ct2rs
frm:1 the input strep until we uncountor a nowlin followec by c..
rom1-:"'. kct; this cn:'s th optional suction, an! > thon verify that
th"" r..::st of th0 curr-..:nt line is ,)1.1pty. (T1.1is trco.ti~1unt loc-,ds to
c,irt~,in n11c-n,lius for TiXT or TI1'L.:;; it is lict.1.tod by compr.tibility.)
If roun! bra is res hon key O is sot, this mrly sets a
flip-flop; an? whn a round kt is rd at the cn! of the suction
the fli::_)-flop iG uncct r,c;,~,in. In cith..::r c~2c t!Krc is .'.7..!l <:.Jrror
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cxi t if tho :flip-..Cl0_;_, iG iri tho w:ro:nc; ?OGi tion. (A :~.:,.;<,:s iI:G-

truction in the r,,i•:1'210 cf :·n O)tionnl r,cction will therefore not
c,::>.usc tl~o re:st of tho section to be i::_;nor :.:·~1.• )

Tho instructionr; :~~UATJ:; nnJ ?:JJGi'l:Ai•: control tho c.llocntion of s:::,::i.ce to
r,ubscriptcd ,::1.nc: r,1ulticlnrci.ctor V1lri2.blcr:; thoir ir;1;n0Jfr,_to effect is to up
d,:1.te the tzblos which the cor;1J?iler uscn for tl1is :·,urposc. Th0r0 are three
S'.lch t.::tblc;:;, the first for :::ul tich(:ro.ctcr in.lex v~.rio.~los, the second for
r.mltich,:1-ro.ctor flo·,_tinc; point vcriblcs, ani the thir::.: for subscripted
VClricblc.s whetb.0r sinslo or uultich:::r:..:ct.::r. Tho fir2t tc.ble aasicns to
o::cch uulticharactor index vari?lo a B-lino; whn such v0.ri::tbl0 is first
211countorod by th...: in;_}ut routine it is C'.ssi,;n,:d tlw nozt unused B-linc, but
this r,1ny lRtcr be altered by an JUT instruction. Tho second t:--.blo :cs-
sicns to ench uul tiche..r:1ctcr floo.tin,; :cJOint v:,.ri:::.;:il,:: o. stor.-.cG rcgiGtcr;
ror.m..rks simil:--.r to thor:;"' rtbov,., c.pply in thi::; c1.sc, ech,o. The third table
civ:1s for O,'.l.ch storct;_;c r'~i:::;ictcr ~ssi,;n,~-~: to n floo.tinb point varinble the
b'.lsc cld~~rcsc for tho corr.'.,spon::lin,: subscript(.);.~ vo.ri-::.blo nE."..raq if no such
subscriptoc~ v2.ri;:lbl0 hns bcon docl:-.ro::: t'..1is b~J.S ..: 2..:Ur:cs:; is ncc;c.. tivc, as a.
nrcrkor. (Not0 that tho nrc;umont for ont'°rin...; tl1is t"".blo is not the nEUilG

of tho simple va.ric.blo, beet.UGO wo havo to :tllow for the cffc~ of E~UAT:;'.j.)
Tho thir,~ t2.blc i.s c.lt,"r0d b;,r a PI-IOSRJJf instruction.

JUam. ± ·t ti h t! £ OUT° ih. > 1..2 r l' ins rue· J.'.)11 . as n Toma I5J&..5 4 ....:,( \JJ. vr0 n -
c1.nd the x. . n.re 1~1uHichr,rcct,)r iC.cntifiors of th--: r1~r:10 ty:Jo. n vii thout loss
of generality ssuac this type to bo index. e thn rco! tho entry in
t,_~_blo 1 corro,s~)on::linG to •:< 0 .e;nd wri to thir; into the pv::itionc in t:'.blc 1
Corr• ,,,,·,o·n,11· n • to

..... ,.J_t:' - u. u o'...,,.1' • •• j t.:.,(n 0

pp2A1j· ct;4- • t! f )9;] g 2 ho .o; bo.... J.\. ....,~ .... l,ti. l' l.l1o"CrU ..Lv.:..1.. .n, \.1) !1 ....-: 0 rm .L .Ll '..). ..±i Il , ••• Ww t,,,.,L '-' n cn o
: ,° eh e EM •• 5Tj i] ha m f f],ks .tz~ro ,..n.,. u.-.c r:, .. ,,,:, , ..,e J.v~L- .. ;,,_ L , w .... 1: 1 "" c n·.U,1,, O ,'.} 0-. inl, _?Oln

vc.rile nd c non-ntiv inatccr. On re'in; a, compile a praetor
row ,:1iroctivz.: for t~18 object J)ro_:,T,·.c, ;:.:,t -1 in ,.:,v.:::r~r poi1ition in k'.blo 3
C'.Yl-:1 r,,Fct th,: count giviny th first rior still vilcble for su'uocriptod
v~~rL,bL.:-c to itn t::>.so V'.'-lu_-. Cr: r'"::.lL"l:; :.my /:'; , fin-~7. tho o.-:ldref;s n.s,si.:;ncd
to c<. i':l.G r::t [;;impls: Vi1.riabl,, stor:· th::- cur:.'unt vc,.luc of tho count in th0 cor
roc:-:>on-::inc; p~;sition in t .._bl;:i 3 (v.c::rifyin;_:; th::,t th::~t position })r0viously
contctino,l -1 J, r:n:·'. incrt:-~~-s.:. th.:: ccl'nt by ·::;i + 1. At tho one'. of t210 inG-
truction, if this is not the· first :pro:;r.'lJJ block to bo dor.tl t with, verify
that tho value of th cunt is not ror thn it wcs for the first pro;rzr
block.

Th1arc re to otcr ins:ructions which only -:1ltcr tho inforr,1·-~tion h0ld
in th-;,: coi:;pilor. I•'or n TBA.CK verify th:,t n = 5,'7 or 8 nn:! thon sd 31,
127 or 255 res ,ctiv:.:ly ,'V3 th<J t:1:::Gl-: to be. UG,l,~ when coi:\~)ilin::: the function
nm;. or IY or KY 2, . . . 2 cler all ky marker licits nd then ronet t.nsen V ~
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for 2, ·.· , vn, vorifyinc tho.t c::,ch ..Di :S 5.

The mo.in body of ,:l c.:..lcuL,tion instruction hco tho for ,= . • • ,< = J3
whcro the ,,1. ..re variables, wih the floating point lJrC:c,din;:; tho indG~
ones, ruid & 1 an arithmetic:l cxression w'lich it. inJox or flo:itinc point
ncccrc'!ins 2-s •::<. is. If thic. i,s follow,:;d by ,_,, m IF /', which cnn only
h0.1J}1cn whc,n th.:.;ninstruction contcins th-:: function EI:?'UT, coml)il(; nn orJor
to set the value of label m in 67. If th.J instr'J.. ction is followo::'. by onG
or r,,oro option;l.].. print oessc..ceG of th0 forr:i ""m, test wh0th0r key m has bo,::m
sd, nnd if 00 s::ot th0 option::i.l print mo.rkor; this will b.J used when the
crtlculo.tion instructicn !1ns bcon com;;-1iled. Next, cl..l'.lply Subroutine 1 to
tho entire ,:xprossion (not just to ) to r.;:movo c.11 D.:;?l>Gc..r:.-.nco,s of tho
function nn::::G:CTI.

There is now ;;;_ division, nee ordinc~ e.s .:x. is an index or :::. flo2.tinc
point v::tric-.blo. If.>< is '.:..n inck:x, use Sub#outin. 3.1 to comile tho
orders which implomcnt ' = (2 • Now if n > 1 ~kl0to '= (:1 ', roc:;,:,_rc.1 o<..1
,':1.S [l now ,e n' rturn to to head of tl1i,s p::1r2.e:r,--.ph. If n :::: 1, tost if L

tho o:ptional )'lrint m.:1.rk-.:.r is ::;et; if so, cor.1;)il0 tho ori0rs to sot tho
v,:1.luo of cl..

1
in B69, to out::,,ut ·: nowlino followc:~ by ''t,i :md •'.1 sp.::co, to

print from .s69 on:1 to output :-nothcr nowlinu. If, howov0r, •x. is n
flo.::rtinc ::ioint v :>.ri.::.blu, us,: Subroutine 2 to co1;1piL~ tlw ordcrGnwhich 101:,d
th0 vri.luc of P into the o.ccumul.:i.tor. Thon for co.ch .x in turn, com1Jilc c..
356 orc:.cr to setc from the accumltor, usins Subroutine, 3. 3 for this if"'.
is n subscripted. va:-.,rL,.bl0. ?in::-.lly bst if the, o:)tion.:i.l print r.11.rkor is
set; if so, com)ilo th" or'.~crs to output n-Jwlina follow.~::! by *r,i n...nd n SY.JO.CG1

to print from th accumulator an? to output another ncwline.

Au>code cles r-crsnizo! b; the instructions TO s =, •, ·€
nd R?AI, which rs aired. In princile, a OR instruction causes"to °
chun!:s of pro;_;r-;n1 to b-..: compiled; onG of tli2rn is output immcdir 1.tely as rt
of th.; object pro,rua, th oth;.;r is :::mt into '.:'°( :;Jt.coh,':1ovm list. A R],i;I\3AT
instruction c.'.1.us,~s tha t0p chunl-: t•.-i b J r•::,r::ovcd fro111 the pu.sh-:1own list Rnd
output as part o tkc object rorua. There is the further complication
tho..t th:1 first chunk involv0s for•,10.1·l: r..:f0r,.nc-::s to tho socon~1 ono, and r.1u.st
ther:fore be supplied with object program lbels; this has to be done by
1:1. s:;:>cci-::1 subroutine, since it will have to b change? for direct compiling
into binry.

Su;;por::.J first thnt ...< is ,'. flo':'-tii1._; :point vo.rio.blo (ne:coss."trily n
sim:;-iL::: one) r.md tlrn.t the count if; n....'l inc rec.sine one; this l:>..st fo.c t will
hcwo boon 110tc:d in th0 in:::,mt routin<J. Entur ::i. subroutin0 to obt.:--.in two
object pro;rm lb:ls and . Compile object pro;rm orders to imnlc-
rnont the c:\lcuL.tion instruction'-" = ,S1 en.~ follow th;,sc with th-:: ordur
121 * 0 (l\ ), }'in.,'.·"·, th0 current v1.lue: of (0), an2 set and ? in



the -pushdown list. Compile object pro;:;r-.r~1 l)rdorr, to implement the cnlcu-
ltion instruction s= x + j3

2
, 1:1here the plus sin is omittec1 if the first

character of /3 :Ls plus or r:.:L.J.us. Output the object pro,~r"'r,1 label f\
then use ;Subrouiines 1 and 2 to compile the orders which load f,- o{ into
the e.ccurnulator, ['.lld follow these by 237 " 0 (f', ) • This completes the
trnslation of ;-,.. FOR instruction. If the count wr.,s c. decreasinr; one, the
only chcnce is thnt we compile >- 3, in.sk-,.:1. of f3 3 - o< .

If c,<, is on inJex vnri:tble the tre?.tment is similnr; suppose in that
the count is ,'.m incre'.l.sin:.:; one. Proceed as ,.,_bove up to outputtin~ _proc;rr~-11
lnbel /\ ; then use .Subroutines 1 ::.m.-:1 3.2 to colli-:-:iile the or,:ers which lo.:i.d
,8 7 - °' as temporary V'lrinble (necess '.rily B63) M"~ follow them with
217.:> * 68 (;-◄ ). If the count is decret·,si...'1~;, compile c,( - fi insteo. .:l.
Certain refinements to this are avail'le. For a decreasing'count with
JJ.3 = O, we need not comp::i.le0< - 0 but c·_n usa o. 217 order to testc< Jirectly.
If (d 3 is t worst tha sum of c:11 inde:~ v.:::i.ri-:1.ble :m::l r-t constant I we can com
pile .:< -,or fa 7 - <><. into Bt by a single 170 order, ,:md test it with
227 ,:, 0 (µ ) . ~

To trt111sl.··.te RE?E::tI', remove the top :r,i.1ir J-i I v from the pushdown list,
cor.1pile the or.:ler 121 * 0 v -m:1 t:1en output the object pro;_;r'.).m la.bel p .
There will be nn error exit if the pw:;hdown liE.:t was erapty; there will nlso
be one on a FOit instruction if the push,:Jmm list is illre:t~ly full.

Thero is sco:pe for c:msL:.crr:'..bl:y r;re:1.ter savin:; by pu ttin;: th-::i test into
the pnrt of the pro,ru compile! by RPT; this is worth doing if the count
is not too complictel. For x:maple, suppose that is an index variable,
thrd; ,8 = 1 and th.:t is at orst the sum of an index v:1rit'.ble mid 2.

constanf; t!en a better"transl:tic roceure i> as follows, ;Jnt er a
subroutine to c'tin one object pro_rm lbel . Conapile object program
orders to irn)leraent th:~ c:-:.lcul~·.tion im,tractic!1 o< = /3 '.l e.nd follow these
with ::'.fl orclcr to set F, -z - ,:x in Dt ,n '. then the or,:ler "2.27 * 0 ( 7\). Find
», the current value &£ (0), -n: set <,3,, 7and in the pushdown list.
To tr·rslte RPT, raova them fro.a the uhlown list, compile an order to
set ,e 7. - ;( in Bt, nn::l then the orc~cr 221 * », nd finally output the
objectrograa lbel ? . There rre obvious minor chngcs for ,= -1, cnd

±• tl - 1 • f' • t . h ,. 0 '·-even Ur lBr lo'H:li> L.iC:<. ,J_on W en /",~ 3 = .
An Autcco,le jur.1~J instruction m::-.y be unconditionc,.l or con..:~ition::.l, o.nJ it

may be either a simle jump or o.. switch; this cives four possibilities. In
o.J.c.:i tion there ro the entries to ::..nd exits frot:1 subroutines.

A sir.1,10 uncon,:li tion.J.l jump h,.,s the fori:i '-~ m' :--J1d is trm1Sle..ted into
the single order 121 O (m). The input routine edits c. conditionnl
jum::i, so thr,t it is h,:mJed ovor to the tr,mslntor in the form ,_, m IF<><: = 0'



or ' £ O' or ' O' or 'o<O' hcrest is an index or floatins point
0xpr0ssion. In ::-.11 the descriptions we assure th,·.t tho condition is= O;
the other cases only involve changin:, the function prt of the test order.
If o< is flo:::.tin,, })Oint, use Subroutinos 1 and 2 to compile orlers which loo.cl
o into the accumultor, cnl follow these with 24 O (1). If«is an
ind.ox expression, compile o rd8rs which loo}. it :-.s " t0rnpor·--.ry v::,__ri2.ble,
nec2s.s,,rily B68, nnd. follow these with 214 * 63 (m); but noto the.t if~ is
tho difference of two v2.rinblos, plus p.:·rh::1.1,s ~ construit, it would be better
to cor:11::iile th,:) one order which sots it into Bt n follow thet by 224 * 0 (r,1).

A switch hn.s the form ~,/3 [ n0, ••• , 7' ] where /3 is ::in index v::-.rinble
and the , ro lcbels. To transl:to it, on.pile the fur orders
217 * e 5o), 17o .:S O n, 227 * 0 n+3(O), 101 * /3 1 (0) followod
by tho n+1 po..irs /,/o ... /> )/o. If tho switch is conditiono.l then
the condition is edited as bove; "su»pose it is ,;,( = 0. If .;.;<. is a floating
point expression, compile tho orders to load -<. into the accumulator, followed
by 2.35 * 0 n+6(O) :-i.nc1 then the orders to trnslxte the corresponding un
con-1i tionnl switch; simiL,r ly for n index 3Xpression.

Subroutine entries and exits involve o. jump to o. pr::sct routine, 0.nd the
p:-.r:::.metorr.:; ,-::x:)licitly numb2r,::id n.re the correspon::1ine; coupiler ones. For
- m> compile the two orlers 1362 O 0 (3), 121 * 0 (m); for RETURN
cou1)ile 1362 0 0 Ur). For t~-10 instruction obt.:i.i!'Fld by followinc RETUIB\f
by on uncon,Jitionn.l jum), cor.P'.)ile 1362 0 0 (5) followed. by tho orders
corresponding to the jum.

Thero aro -'l V'.Lri-:}ty of instructions of librr.ry type, for ll of which we
compile the or?ors which s:t the pxrmt:rs in their roper places, followed
by a 1362 orler to enter a preset subroutine whose druss is a parameter of
tho compiler. The print routines c'..re :'...>1omc.l0us, in th.:i t their ;nrctme tors
::.re tcl<en in .m unn::.tur'."'J. order, nd in that the 1362 order compiled must be
followed by a further or?er 1362 O 0 ( 14) to d0 7.1 with lc..you t:

(i)

(ii)
(iii)

For PRH!T (c<) i:j:t: use 0:.ibroutinos 1 :m~1 3.2 to com:;_Jile orders to
set the value of i in E68, thn tht of j in B69 nd then that of
k in 1370. If o< is ::i. floatin; point expression, use Subroutines 1
cm--1 2 to compile ord.ors to set its value in the -"..ccumul:1.tor, o.nd.
follow those with 1362 0 0 ( 9) ; if c<. is cm in:1ex exprc~ssion use
,Subroutim,s 1 nd 3.2 to compil0 or-.'iors to set its v2.luo in B71 Md
thon compilo ::m orJor 1362 0 0 ( 10).
Trnlate PRINT ( 0<. ) i: j as if it wore ?Jil\fT ( ..,<,_ ) i: j : 1.
For FRINT ( ..x ) i use Subroutin0s 1 and 3.2 to cor.1pile orders to
sot tho value of i in 868. If...( is flontin.; point, compile orders
to s,;t it in tho nccLJ.r,ml:i. tor, followed by 1362 0 0 ( 11 ) ; if it
is n index expression, comile orlers to set it in D69 and then
comr)ilo 1362 0 0 (12).
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'11he instructior. FUNCH (i) j is ,'.'.:nom'."'l.ous nnly in the order cf its parzmetors.
Compile orders to set j in B6, znl then to set i in B69, and then compile
1362 O O (26).

Tho other instructions of this sort nro LAYOUT, LIBRARY n, TRA, UTRAP
and the five magnetic-tape actions; for this purpose we regarl each LIBRARY n
instruction es a distinct type, rnthcr th::m tree.tin:; n o.s c. pnrnnktcr. To
ec.ch of these types corresponds an dress (m) in the preset routines, and a
codewor~1 which showG how m~y pn.rar:wtcrs shouLl be supplied 2.nd. whether they
nrc flo,•.ting point, ind.ex or label. For oach parueter in turn, compile the
orders to set tho corresponding B-line. For floting point we either compile
o. 121 or:lcr or use ,Subroutines 1 and 3.4; for .:,n index C?X::_)rossion we use
Subroutines 1 and 3.2; for c. label we comnilc a 121 order. hon ll the
pa.r::~_motors have been d.cD.l t with, compile the orc:er 1362 0 0 (m).

The instruction PnII-;-7CHAR ( .>'( ) would bo d0e.l t with in ex?.ctly the same
w,.,.,_y, but thoro hn.)pcns to b2 no preset routine c.ssocir:'.tcd with it. Use
subroutinos 1 and 3.2 to compile ord.ers to set tho voluc- of,)( in B68, and
then compile 163 68 0 0 thr0e tinws, followed by 1064 0 68 O.

Any other type of in,struction lcv.::ls to tho compilation of a fixo:1 se
quence of orc.ers, whos0 ::-,d-:~ressos r.-i:.·.y dc_)on::. on the nusbers in tho instruction:

(i) For ,S'r.'.RT m, wher,o m is a lel, first noto , tho current vc.luo
of (). Coile the soqu:::mco of or,:ors 1260, 1267, 1274 which will
bring ths preset pack?go of routines down from magnetic tape; the
rest of those orders depend on tho compiler-supervisor interface
nd are not yet fixed. Thon compile 121 90 0 (m), 121 * 0 (2)
to jump to th·::, pre:s-::t st,,.rtinc sequence c,nd. thenc0 to the Autocod0
startin; adlrss. Finlly cmpilc the start directive » O, This
ends the compiltion process; the compiler then iscovers whether
the proc0ss lv.s b0.;)11 se,tisf,ctory or not, v.nd ,:xits nccordin[;ly.

(ii) Tho followinz instructions cont:in number, and this must bo in
sorted into the machine co?e formula which is compiled as a
tr,m.slotion of tlrnm:

REDER n 1050 0 O n
OUI'{'UT n 1060 0 0 n

(iii) The felloin:; instructions lea? to the compilation of the fixed
orc1or or c::cqucncc of orders shown o:;,,posi to them:

:RUNOUT 121 68 0 40
106h4 0 0 0
203 * 68 -1(0)

.G 1061 6G 0 0
1071 o 68 0

CRLF 1065 0 0 2 .1
STO? 121 * 0 (21)

(iv) Tc instructions WAIT nl 14/42 are totally icnorcd.



Out:)Ut of ob.iect ".lr_QGr:u,1

Tho first VLlrsion of th1.: compil:;r will pr0clnc0 ohjc,-:t procr-:-.ra in IIT
forr.i c.s n chn.rc·,ct0r stronm; but th...:r.,; will be c'-- l::i.tl,;r vs::rsion which as-
sombles it in binnry Jiroctly into the store. For this lQt0r version it
will b8 necc,ssnry to re:writ;; th..:) routines wl1ich put out tl10 inJividu.3.l items
of the obj"'ct pro[;r'.'.m, ruld those; which c..ro in ".ny W'.1Y con.corned with object
:progr,'.Wl ~c.r."Jl1.::t2rs. Th2s0 rou tinor:; ".TO ::loscribed bolow; somG of the
subdivisions f cs ar :or lzborte thn we need for tho first version
of tho compilc,r, but this will prove ::'..::vi'Ult:-,Geous for tho later one.

To cc.ch Autococ1e pro~rc.m block corrus:!:)Onds onJ object pro~;r.:i.m p:,,r.'.'!l1lot2r
row, tho number of the row being one grater th·n tht of the block. Pnrn
mc,tcrs 1 to 256 ::i.ro nssicncd to tho lG.bols of the Autocodo pro.;ram, par::i.-
motcr -i,"'t + 1 corrospon.Jin;:_: to labol ~ . P,:.rP.tn,:tors 257 to 511 ara av-:tilnblo
to tho com,il0r for rofcrencos to lists of flo~tinc point constnnts Md for
the forw~r:~. rofcroncos implicit in 'for - ropont' cycles. 'l'o ensure that
.-:iny t:1isus0 of l~b.::ls in the ,,,Autocoda pro.c,;r"Jn. is dutoctod c-:.urinc compil3.tion,
rathcr thcn in the IIT assambly routine, t'.JO m.-::,,,rk.::,r :1igi ts are nssicnocl to
on.ch possible L"bcl: one of thum rocor,1s whether th.:; l'.:lbal he.a boon usod,
tho othur whothor th0rc h,'ls been any rcfornce to it. hon n label is
used, tho routine chocks thGt tho first ffi''.rk,::r w11s unsot aTJ.J then sets it.;
when a refrencc is ma? to .:1 lc.bcl, thv routinu sets the socond marlrnr
whothor it wo.s :nruviously sot or not. Befor,:,, im1)lemuntinc the stnrt
Jiroctivc, th;; cor.i::,ilor checks th:t there is no labul whose second mnrkor
is set but whos,: first is not.

Tho compiler lso kc;s list of ilo::,.tinc; point constnnts ::tppoo.rinc in
th0 i'.utoco~"'.e prot;r'.:'.r.i; this lir;t is built up by tho input routine, 2.nd is
clrd by being put out .1.r: ~~'.'.rt of the obj,,ct pror;r'.l.m r,,t nny r0ason.:1blo
opportunity - that is, aftr ny uncnlitionl jump or at the end of a block.
In nc.diticn the com)iL:·r hns fiV,; counts nssoci2.t0-~: with thG output routines
to preserve:

(i) Curr,mt v1.lue: of (O). This is initidly set during compilation
of the first PI?OGR!JI instruction; it is -'.'.jv.:mc cd whonov0r rui.
itom is out::mt.

(ii) List cf pro;rm block numb:rs already used. This is necded to
check tht no number is usud twics; it is update! on each ;ROGRARA
instruction.
Numb:,r of constMts currently hd:l in the list. This is in-
crci1.sc .1 by thG in:Jut routine whcn0v,3r n new constr.mt in ;:mt in
tho list; it is resct to zero uhcnsver tho list is clercd by
output.
Object pro,ram prametcr tz be used to label the next list of
const".nts.
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(v) Next object pro;:~ram p.<\r:cm0t..:-r -:-,v,:til.'7.blo :for use.

Of thosa, ( i) c.n:1 (iii) re used in other parts of thc compiler, and must
thuroforc rcm::tin the s,1nc when this soction is ru-writton. B0c::i.usc ther0
is , spocL:11 output routin,, for ordi:irs w~1icl1 rofor to tho list of flo-:ttins
point constants, no nccess to (iv) is noc0ss:~ry; clrtcl GCCess to (v) is ;1ro
vidod through c special routine describe? blow.

There c'.r,) throiJ print oubro:.itino.s in tllo strict sonso, which out::Jut a
dir.,:it strin,_; corr.:;spon~1in0 to the contents of c. B-linc:

(i) Print docim,1 intc..;er or a,:ldross. This i,s tho subroutine norm::illy
us0d for rny number within ,m it0m. ,Sine-:: it is to bo usc.::l for
pnrmet r numbers, it must never ut out ny spaces, ither in
lace of non-sinificont zeros or in :;.:iln.co of n. plus sign.

(ii) Print functicn part of ordcr from octl form. To reduce tro.ns-
cription errors in writins tho compiler, the function part is
,.;ivon shiftcJ two pb.c"s to tho ri;:;ht of whGN it should bo, Ono
initial zero may be suppressed.

(iii) Print ho.lfworJ in octn.l. A flodin:.; i,oint number will be l)Ut
out o.s '.1 :,,".ir of oct-':1.1 h:,,lfwords, to r0,::'uc-: conversion errors.

The routin0s c1.Gscribc..:1 bol0w :111 clo,:i.l with one or noro complete items; o..nd
they thJroforo ct.11 in thl...!su ciX:n or clo,s .:d. subroutines to do·.:cl with th-2
:p:i.rts .:,f :-:u1 itom.

There o.ro five• Jistinct typos of or(10r to bo output, dc0)Jndinc on the
structure of the a.<1:lrcss p·,rt; rmd thus fiv0 0ntri,:;s to tho corrcspondinc;
routin0. In o::.ch c::.sc the function rnl the two modifier parts aro given in
B-lincs on entry:

(i)
(ii)

(iii)

(iv)

(v)

Simple numeric.l ±?lress.
i•.1dress ir"volvc.s rm r.utoco.lo li"'.bcl in this block, nnd must
tharoforo bo just th,:: corrcsporn:in:,· pnrn.motcr. Tho nddrcss
is :s;:,ecifi,Y: by th.:: l·-b,::l nurnb"r, ,,n,_: is put out o.s n p:1.ro.met0r;
in addition th;:: routine must sG t the mnrker dic;i t which shows
that a referencs hes been male to this lbol.
Ai .'ress involvs an Autocode lbel in .'.'.no thor block. This is
th0 Sc'J",lO ,,c, (ii), Gxc.,:)t tlnt on fmtry two numbers are n,.:;oded to
specify th 'lress.
.ldress involves compilor praetor - that is, a parameter
nur,ib,,r bctwuvn 25'7 ::md 511. This is the s::i.mG c..s (ii), oxc,;::1Jt
thr1.t thor0 is no ri:1.rkor dir:it to be set. Note thc..t cctch pnr,'.l.-
meter appears in just one liress.
A1..lre:ss involvos rofercnc0 to list of const•.'.nts. The address

40.



is now an integer :plus the assocL,tod compiler parameter, n.nd is
put out in this forr.1. Note thn.t only the intc(;or needs to be
specified on 1.;ntry to this routine, since tho pa.rrunctor number
is c".u.rco._ly known.

It is in fnct true tlnt B:i = 127 in C'.'E;8 (iv), mid that Bo. = Bm = 0 in c,:,.sc
(v) ; but it mny not b-.: o~½.'Jc.Ji.:::n t to bko r.-.dv:--n tar;e of this.

The only y.,n.ro.mctcr whos,:: V.'.".luc is set oxyilicitly in (0). Tho corres-
pon::inG routin-..: puts out n. :liructivc of the forni '(O) = ••• ', obto.ininc the
va.luo from the -::cr,:;::,ro?rL,tc B-linc into which it has already been set. All
other parameters r sot by labelling. or a comiler p:r:meter the routine
simply puts out the parameter number n? a closing bracket. For -'."ln l.utocode
lo.bel tho routin0 first checks thr,t tho lr-,bul h::i.s not alrely beon used, ctnd
sots the corres}Jondin1~: mnrlwr di:it; it thon ros0ts tho count of Autoco::1e
pro_:;r,7.1n lines to count from this lo.bc:l, unless it is not tho first label on
th.e: line; ;:-nd finc1.lly it puts out th0: po..ro.motcr number :'.ll(~ a closinc; bro.ckot.
Thoro is also n routine which obt"l.ins the num'.Jor of the next compiler par
meter available n? alters the corres:,ondinc count.

or a switch instruction a jumap tcble is comilel; each item of this
t::-.ble is ::i inir of hnlfwords of which tho first is thG v,:i.lue of o.n .Autocode
label nd the second is irrelevnt n? for convenience zero. Thor0 is a
subroutine to put out such a pair of lnlfworJs; as well as outi)uttinc, it
sets the mnrker igit which shows th:t the labcl has been use".

There is a routine which puts out the current list of floe.tine point
constants as part of the object pro;ram; this is cntcr.:::1 .'.lftcr compiling
:..m uncon::itior..r::.l jur.1;_:, or ":.t tho ,:me: of :i. :;_1:ro,:_;rf'.P.I block. The routine first
tests whether the list is om;,ty; if so it 0xits h,win3 b.kon no netion.
Otherwise it puts cut tho cbj:ct pro.rm lbel currently assigncd to the list
of constants, followed by the umbers of the list; for simplicity each of
thusc is put out as a pir of octl halfwcrla. It them resots tho count of
fl0ting point constants to zcrc, obt.::.in,5 .,-,_ new 1nr0;;10ter to identify tho
list of flontin,; point constants, nl axits.

The rcutinc which outputs tho st,rt Jirectivo 2.lso tidies up o.ny loose
onds in the compilation, ,:md it he.nr.ts ovc~r to tho suporvisor ell tho infor
mation it needs bout tho object progrm - including the statcmaont whothor it
is error-•frco :md c::n therefore be run. It first puts out the start c'lir8ctivo;
the: .:-.:-;::rcss of this will lwnys be non-prmgtric. Then it runs throu::;-h tho
utocod lcbuls, tsting if tharo re ':'.ny which c.ro unset but to which re-
ferenc-, is made. It then hn.ls over to the supervisor the: number of pnrn-
meter rows anal the largest p:rmeter number used, an? c..lso tho curri.mt v:::.luc
of (o), which ,3ivos the total sp.:::cc0 needed. Finally, it returns control to
the supervisor by an extrcode which depends on whether the object program
is orror-froe or not.
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