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The D2L Data Processing System by Svenska
Aeroplan Aktiebolaget, Sweden*

B. LANGEFORST

Summary-The D2L data processing system design uses simple
system structure and fast circuits plus flexible memory and is thus
adapted to the use of advanced software and easy application to
diverse fields. A survey is given of design objectives, background,
and the hardware-software system.

I)psrcN OH.Jrcrrvrs

lf T r\PPEARS to be almost a general tenclency ailrong

ll corrrprrter rlesigners to strive toward the highest

^ conrputir.rg speed, reachable rvith the basic corlpo-
ner.rts a"vailable, or obtainable u,ith the nrcnior]- speed eit
hand. This has govcrned an alnrost continuous trend to
rnore and rnore complicated conrputer design, in order
to enablc dillerent l<inds of tirne saving irr internal proc-
essing. Thus the elegant sinrplicitl,, so basic to rlodern
cornputer design, u,hich is ch:rracteristic of the von Neu-
man conrputer l:r1'out, ha.s grzrdualll' given u,alr to vari-
ous ingenious extensiol'rs in the forrn of index registers,
multiple ar:ithrnetic registers ancl overlapping n'ricro-
operations.

In the design of D21 a. decidec111, differcrrt goal u,as

set up. 1-hus, ra-ther than atten-rpting the very highest
possible capacitl.. a nrediun'r-to-high capacitl, which
rvas coupled rvith a largc flcxibi1it1, in nemor\r size and
tcrminal equipruent u,as spccifiecl. 'l'he design should
enable eltrcient handling of both adrninistrative data
processing problerns ar.rd etrgineering computations.
This u,:rs estirnated to be most suitable layout for the
Su,edish Derta Processing nrarket and others as u,ell,
and the elficient application to both engineering ancl
business data processing u'ould nrake its appliczrtion
econotnical also for cornp:rnies :rnd organizations r,r'hich
u'ould be too snrall to use a computer for one zrpplica-
tion onl1,.

Thc explicit atterlpt at a great generalitl' o{ applica-
tion would also nretrn a good pcltentialitl, for introclucing
more scientific rnethods in business dzLta processirrg
lvhich nrust be considered a. ver)- important possibility.

'lhe design objectives as describecl strorigll, r:all for
the use o[ advanced prograrnrlirrg s1,stems, and there-
Iore, tl're coinputer should havb properties r,,,1'rich rr.rake

the construction oI conrpilers s21s1., reduce corlpilation
time and enable econornical use of compiled programs.

it u.ill be seen that these design objectives could best
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be met b1'a sl,stem design, rvhich mearls a delinite step
awa), {rorri the current trend towards increasingly con-r-

plicated h:rrdrl.are, urentioned above. It also l'neans it
decisive approach to a corlputing s-vstertr consisting o[
harchvare and softrvare as an integr:ated u,]role, which,
of course, also rneans a very close cooperzrtion between
hardrv:rrc people, con-rpiler people and applicatiorts
sllecialist.s in the design rvorli.

BI\CKGROUND

The D21 sl,stem is developed on a bzrckground oi
experience in the use, since 1950, of several different
cor-nputers for aircraft design and adn.rinistrative data
processing, as rvell as in designing and building single
corlputers.for use u'ithin the cornpanl'. It nrzry' be clf in-
terest to describe ver-v briefl1' this background beforc we
discuss the design o{ D21.

Af ter using the fast Swedish electronic cornpuier
Besk since 1953, and after some studt, of the rnarket,
Saab Aircralt Cornp:rny decided in 1955 to build its orvn
conrputer, later to be called Sarzr. Silra u'as btrilt as a
cop-v o{ the vacuur-n tube computer Besk n-rodifietl tcl

enable the attachn-rent of magnetic tapes, punched-card
ecluiplrrent and printer. It has 2000 40-bit words in core
store ancl 8000 words on drums; addtime is 54 prsec;

nrultiply tirne is 350 ,r.rsec. 'I'rvo irtstructions per word
are usecl.

In 19.57 Saril n,as put to work and in 1958 it rvas

equippecl u-ith a nr:tgnetic tape srrstem called Saraband.
'I'liis s,as clesigned and built in our laboratorl- using
reclunclirnt cocling which penlitted :rutotnatic correction
of 1-bit crrors :rnd alarm for nrultiple-bit errors. lt used

$-inch t:rpe ivitl.r 12 chilnnels of rvhich 4 rvere used for
infornration. 5 for correction, and 2 lor block :rnd u'ord
m:rrking. 'I'he crror correction st'stetrt worked so well
that it u'as dccidecl to usc 300 chzrrtrcters per int:h rather
thzrrr the 200 ret:or.nnrenclecl iis t.uaxirlutu bl' the tape-
harndlcr m:rtruiacturer.

In the design oi Sara it u'as decided to hatve no inder
regist-ers. 'lhe nrain argLlrrrent u,as th:rL onll' trvo binarl'
positions per instruction (of 20 bits) u'ere availzible, per-
nritting aL maxiurunr t.tunrtrer of 3 index registers, and

this u,as consiclercci {ar too srnall. Sonre special clesigrr

features were proposcd for Sara cluring its late design
phase in 1956-1957 but. u,ere not adopted. Among thcse
were a set of pLrsh-dou.n stores. A single one of these

stores rvould u,or1i as a l:rrge nutnber of index registers
for the special fLuiction of subroutine link:rge, lvlierebl'
a l:rrge number oi subordinilted subroutines, recursive
or not, r'r,ould be ilutomaticall-v handled.

Ar-rother push-c1ou-tr store u,ith sirnilar Iunctioning
n,as planned for looping and a third one for storing sub-
routine parat-neters (in tlie same \vay a push-down storc
is rrorma1l1- used todal' for Algol proceclures).

Another nrodification plantrecl rvas the introduction of
an indirect addressing mode r.vherebl' all 20 bits of an

indirectl-v addressed halfu,ord u'ould be used lor the

actual address. This u.ould perrlit access to a maxiuturul
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of one n-rillion rvords bf indirect addressing and r:ould

be used for branching to subrotttines atrl-rrhere in such

a large store. For the rvorking of these subroutitres, a

relativc addressing u,ith a span of 1000 instrur:tiot-ts
rvoulcl then enable the procedures to u,ork u'ithout being
slowed dou,u b)' indirect acldressing in the majority of
the instrr-rctions. For subroutine branching, a special
jurnp irrstruction was proplosed, r,r,hich would store the
return address in the first czrll of the subroutine where
it u'zrs easill' aviiilnble by indirect addressing. The use

of index registers for this funr:tion lr.:ts thus replerced b-u*

a n-iuch better device.
\\rhile Sara rvas built the colrpan-v c-arried on develop-

nrent of fast and cornprtct transistor circuitrl'which was

eventutrlly to be used for au on-line cotlputer for air-
plane control purposes. In this developnrent a compact
cornputer D2 u'as built and put to use lor sonie special
experiments in the fall of 1960. D2 is in lnalty respects a
protot]'pe ior D2l.

This fact irnplied that the ll'ork otr prograrnrning sys-

terns for L)21 could be based upon a fairll'broad and
deep experience in s1-steurs prograntming and also that
the needs o[ this, as rvell as the knorvledge of its possi-

bilities, could be properll' used to influence the design.

Soltr B.qstc DnstcN CoNsroBir,q.rroxs

'lhe design goals requiring liigh eIficienc1, and ecotl-
omlr in the handling of business data, as rvell as engi-
neering problerns, at first sight appears to lead to severe
contradictions ancl irence, b:rd cornprotnises. The inter-
esting fact is th:rt, r,r,ith the solution chosen, this has not
turned out to be tl're case at :i11. In the e1,es o[ many
data proc'essing experts (aird perhaps all computer sales-

nren), the requiretlents ort the contputers for business

data handling :1re cornpletell- differertt from those to be

used for engineering cornputations or scientific u'ork. A
closer analysis, bascd cln experience lrom iloth fields,
shor,vs that this is onl1' partly true.

Tape files for business ilre ofteu larger than tl'rose Lrsed

for engineering. Instead, ho\t,ever, business data proc-
essing is t1-picall1, associal-ed u,ith single sciln oI the tape
files, rvhereils engineerir:rg problenrs irr gcueral c:ril for
complicated multiple tape scans. \'Iatrix lnr,rltiplication
is a case in poirrt. Cotrsccluentll-, both kinds oI use call
{or efiicient tape s1'rsteuts (or ot'her bztcking stores) '

It is likeu,ise true for cach tnain prograrl pass that
business data proccssing in gener:r1 onl1' needs to store
a ferv rccords at a titne fronr dillerent liles in the higli-
speed rnet-nortr. Horvever, the rcquiretnent of elficient
tape handling calls for blocking several 1ile records to-
gether u.hcn thef are srnal1. This is only possible n'hen
a fairl1, large memor), is available. Further, in integrated
data processing it is oiten possible to elirninate severarl

lile passes b-v performing several processes at the same

passage. 'lhis is onl1' feasible i[ the nlenror),' is large
enough to store simultaneousll- ali (or most o[) the pro-

grams for tl'rose processes. Both applications thus can

use larrge nlelnorlr.

Langelors: D27 Swedislt. Data Processi.ng System, Sweden
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It is true 1'hat in engineering computations lxany
more arithmetic operations rvith higher precision (that
is, more significant ligures) are needed than in typical
business operations. Therefore, the use of dtrta packing
to increase effective tape speed, although of value in
itself, is dispensed with in engineering or scientific corn-
puters because of the consecluenti:rl slorvdorvn of the
arithmetic operation, even in the ci.rse o{ hardurare im-
plementation.

Here is a difference which u,ill easil). be of conse-
quence for the computer design. In fact, this will be the
case when the bzrsic speed of the circuits used is not in
itself high enough for the desired over-all capacitl'. The
ttscientific computer" will need some extra ,,arithmetic

circuitrv" such as longer arithrnetic registers (at least
40 bits), built-in flr:ating point arithmetic arrd a sig-
nificant number of index registers. The "business collt-
puter)' u,ill instead use ((data shulfling circuitr.v,, such as
one-charncter words with serial processing of characters
generalll,, but erroneousl-v or at least misleadingllr,
called ttvariable word length" features.

A cornputer of general applicability would then have
to be provided with two different '(categorical packages
of circuitry," the '(ar,ithmetic" package and the ,,do,ta

shufiling" pachage. For each application one of them
would always be unused. In addition to this is the fact
that the two categorical packages are somewhat contra-
dictory, which adds complexity (and cost) and tencls to
reduce speed.

These dilflculties are, however, eliminated if the de-
sired capacitl, is obtained by sulhciently high speed in
the basic circuits together with sufficient memory, in-
stead of by the additional packages of categorical cir-
cuitry. The higher cost for faster circuits ma1, well be
balanced by the elimination of the additional special
packages otherwise necessary. Whether this is the case
or not will, of course, depend on the status of the hard-
rvare technology in relati«,rn to the capacity require-
ments. This oI course will var1, with tirne. When high
speed eliminates the need for categorical circuitrl,, then
this difference between t(scientific computers" and
t(business computers» disappears.

If the circuits are fast enough, then it will be possible
to eliminate not only the categorical circuitries, and
with them the differences, but also other special cir-
cuitry which is used to increase capacity for all types of
applications, thus bringing still more saving of cost and
a gain in simplicity. Exarnples of such special circuitry.
are index registers, multiple accumulators or comparing
registers, electronic slvitches and a set of special instruc-
tions.

'Ihe several eliminations of categorical circuitry and
special circuitry, shown to be n.rade possible by the use
of fast circuits, will thernselves bring about an addi-
tional saving in that no positions in the instructions are
needed for indexing or tagging, and fewer positions are
needed for the t'function part" (or ttoperation" part) of
each instruction.
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This, on the other hand, will be counteracted b], the
need for a higher number of instructions in a given pro-
gram. 1'his effect, holever, in its turn can be counter-
acted bv the use of pou,erful macroinstruction soft-
w.tre, a point rve lvill discuss more tielow.

The effect r:f the extra circuitries, hou,ever, is three-
fold:

1) Increase of computing speed or capacity;
2) Reduction of the number of stored machine in-

structions;
3) Sirriplilied machine coding.

Thus, to justify the elimination of extra circr-ritry, lve
not only have to compensate for lost capa.citl, b1, mem-
or:1' and circuit speed but we also have to balance the
increased nurnber of machine instructions and, rnost inr-
portant, balance more detailed machine coding by pro-
viding good software.

It is easy to show that this can be done better with
the use of increased speed instead of extra circuitrl'. It
has turned out, also, that advanced softu,are will reduce
the nun'rber of stored instructions r,vhen the problenrs
processed are not very small.

Past experience indicated that one rnain obstacle to
using advanced sclftware rn;rs its ineflrcient utilization of
special (or categorical) circuitry in the object programs.
From the verlr important softu,are poilt of view, it
would, therefore, be a great help to have a computer
which did not depend on special circuitry lor its capac-
ity. Advanced programming s.vstelns then would not
lead to lost machine efliciency; compilation lvould be
fast and compilers easier to make.

The en-rphasis on softtvare to replace hard.rvare calls
for elficient handling of subroutine linkage. Even this
was {ound to be obtainable in a very efficient wa}r with-
out needing extra hardware.

It is not only the internal operations of the computer
which can be made simpler by the use of faster circuits;
the functioning of the terminal equipment can be sim-
plified b), the program-interrupt system made possible
by speed. Again, in this connection, speed can also make
it feasible to solve some of the problems by means of
software.

The Choice of a Binary Systeru, with 24-I3it Word.s

Whether to use fixed word machines or so-called vari-
able wordlength is a subject that is constantly debated.
The author would prefer to pose the question otherwise:
which is the optimum balance of serial- and parallel-
mode functioning and of binary vs decimal arithn'retic,
as regards over-all speed of operation and accessibility
to variable length data?

Given the basic circuits, the highest arithmetic speed
is obviousll, obtained when use is n.rade of parallel opera-
tion on so many binary positions as are needed to store
the maxin-rum-size nurnbers to be worked. If these
numbers are represented in binary again, this operation
rvill be faster than if represented in decimai. Such long-
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word arithmetic units rvill, on the other hand, call for
extensive, and thus expensive, circuitry. Further. to
ertract short data packed into long words rvill be
slower, the longer the words are, unless extra circuitrl,
for pzrrt-word operations is provided r,vhich is then a cost
and a complication.

lf, on the other hand, parallel operation is used on
fewer bits, th:rt is, if shorter words are used, then the
arithmetic unit becomes smaller and less expensive, and
short data are rnore easily extracted. At the sarrre tinre,
handling longer data is still easy because nrultipie n,ord
operations are simple, u,hether handled b1, hardu,are. as
i1 so-called yariable g,ordlength rnachinerl., or b_v pro-
gram ioops. In either case the number of l,ords and
hence the item length can easil-v be allowed to be vari-
ab1e.

From this point o{ 1ris11,, the so-called variable lvord-
length rnachines or character-based machines are ac-
tuall1'computcrs u,ith a fixed rvord length of six to eight
bits. The-v are then provided rvith autom:rtic n-rultirvord
operation controlled bv some sort of item separator.

Irr the design of. D2l, the choice of a wordlength oI
one clraracter size, 'i.e.,6 or 8 bits, \Mas not considered
the optimur-n conrpromise and neither u,as a long r,vord
of 40 or 50 bits. Further, with the character-based
machines, it is practically irnpossible to rn ork lvith iterns
of snialler size than an alphzrnumeric character; that is,
11o cor-nputer has such a rigidly {ixed u,ordlength as the
so-callecl r,ariable u,orcl-length rlachines.'lhus, already
the storage o[ nun.reric dzrta, the lnost comlnon type, is
rather inelllcienth, handlcd in such a system, and tl'ris is
still nrore true for the not unconlmon items rvhich re-
quire onll- one, 2 or 3 bits.

The compronrise chosen for D21 is, instead, to have a
wordlength of 21 bits in parallel mode and to use binary
arithmetic. This givcs sulficient precision for most arith-
metic in btrsine-*s operations and also for several tlrpes
of scientilic conrputations which are then handled with
ver)-high speed. Further, this high speed is alnrost re-
tained in conip:Lring l:rrger numbers, because tvith this
rvordlengt'h on11'one singie subtrzrction will be sulficient
in the majoritl' of operiLtions. liurther, for the nrajoritl,
of engineering conrputations r,r,here higher precision is
necess.rr),, double precision u,i1l n-rost11, be sulficient and
can still be obrzrincd u.ith fairly high speed u,ith fast
circuits. This u,ordlength zLlso is sulficient for n1l inclex
cor-r.rputations needed in using the extremell' converrient
device of subscripting variables in advanced prograrn-
ming s1'stetns iilie ^\lgol. Tirus, while this u,ordler-rgth is
high enough to perrlit {ast arithmetic opcrations, it is
:rlso short enough to permit long items such as alpha-
numeric names t-o be handled as n-rultiple-worcl iterns,
enabling easr. hanclling oi dvnamicalll' varl,ing length,
using an_t, t-v*pe o{ item separat«rr for cr:ntrol. liurther,
this r,l.ordlength is short cnough to perurit vcr-v fast cx-
tracting oI short iterns b1, nreans of slii{ting, :urd this
can be uscd for iternlengths dou.n to L bit, contrary t<r

cirarac ter-b:rse desi gn 
^

F'urther, this rvordiength is long enough to store one
rnachine instructiorr, and still short elrough 1o pernrit
the storing of one addrcss in one word when niultiacl-
dress macroinstructions are used. Iiiualll', this r,r,ord-
length is short enough so that \ve can afford to u,ork
with rvo,rd-svnchronized data during the execution of all
tnacroinstructiorrs, so that packed data occur only in
input and output are:rs oI the meruor1,. C)f greilt aclviln-
tage, especially lor business application, is the ease rvith
which liinarl, s)'stems can accept input cl:rta rvith vzrry-
ing codes.

DBscnrptroN oF THE D21 ColrpurrNG SysrEM

It should be obvious fronr the discussion given above
that it does not rrake sense to look at a computer such
as D21 by vierving the hardwa.re only. Itather, the corl-
puting capacity and the ease of use is completely depen-
dent on the combined s1-stem of hardware and soft-
r'r,are, and onlv rvhen thus regarded can its properties be
judged. The existence or absence of sorne hardware de-
tails so often disputed have no relevernce for the user.
Hence, such disputes are rncaningless. The resulting
speed, capacitl., ease and szrfetl, of use are, of course, the
onl1, f:rctors to consider.

We describe the D21 slistem b1- giving first a briel
revierv of its nrain hardware larrout r,vith special nren-
tion of details which influence the software adaptation
on the applic:rtional s-,,.51sm.. Then we give a descrip-
tion of the functioning and the repertoire o[ instruc-
tions, not oI the hardware alone, rvhich tvould not rnake
sense, but of the conrbination hardu,are-basic assembl1,
s)rsteln DAC. Finally, we describe the problem-orient.ed
software.

D2 1 H,rn»rv,\RE SrsrElr
Instruction Word Structur e

The instruction u,ord conrprises 24 binar-v positions
(or bits) numbered 0-23. Positions 0 5 contain the
operation part or function piirt; 6 and 7 are so-called
markirrg positiolrs or tags, and the reuraining sixteen
positions contain the address part o{ the instruction, see

F-ig. 1.

Langefors: D27 Su:edish Data Processing Systern, Sweden
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'lhe first one o{ the address bits indicates memory i{
it is zero and a terminal unit if it is one . Thus, terminal
r-rnits are addressed in exactl_v the sarne fashion as mem-
ory cells so no special input or outpttt instrr,tctions are
needed. The renraining 15 address bits permit address-
ing 32,768 memor), cells and the s:rme number ,rf terrni-
nal units. 'fhe trvo n-irLrliing bits have the iollouring
f unction:

Regular functioning
Reserve
Normal indirect addressing
Indirect addressing rvith "step ahead".
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()zter-all Structure o"f DZI
'lhe over-all structure is shorvn b1- the diagrarn, Fig. 2.

'lhe conrputer works iu 24-bit p:rrallel nrodes u,ith one-
address instructions. Sorne instructions work with 47 -bit
numbers b-v built-in clouble prccision nricroprograrls.
Negative nurlbers arc represcnted rvith 2-complenrent
:rnd the arithrnetic is bin:rr1", u,ith a fixed point ndjil-
cent to the sign position. 'lhe ir-rternal registcrs conr-
nrunicate via the interr-rzrl btrs line. 'lhis has a cap:rcit1. oI
1.25 X 106 24-bit u,ords.,"sec, i.e .. the trans{er of a nurn-
ber from orre registcr to another is n'rade in 0.8 psec. The
lrlerrory size is {rom 4096 u,ords up tct 32,768 u.ords in
modules of 4096" It is o{ coincident current ferrite-core
11,pc. The total nrerlorl- c1,cle tinre, including address
nodification, is 4.8 psec. All lnodllles use the same coln-
lrion corl-l1rluilicatiol1 circuits n,l'rich I<eep the rlarginal
cost for lllelrorlr augment:itiou fairll' Ior'v. Protcction
circr-rits are provided rvhich prevent po\ver failure or
regular shut-dor'vn of the computer {rorn producing
changes in rnernorl' contents.

'I'he zrritirnretic unit contains, anrong other thir-rgs, an
accutn'ulu,tor register (AR) and a "m,ultipl.icotiorc regi.ster))
(I,{R), both with 24 binar-v positions, 0-23. In addition
to this, ÅR corrtains one position 00: the orcr.flow .f.tosi-

tion. These can also u,'ork as one long register of 47 bits,
rather than 48, bccause the ((sign position" of l\'IR is
void in tl.ris case. 'lhis long register is used bv some
t'long instructions. "

'lhe control unit rvorks r,vith an internal clock of 2.5
\'Ic frequenc),. It utilizes a tnicro-order generotor (1\,IG)
'which translates each orcler code into tr sequence of
pulses (the rnicroprograrn) controlling the uricro-opera-
tr.ions. CheLnges or additions to the instruction reper-
toire arc casill.introcluced b1, char-rges in NIG. Of inter-
est to the user is the address register;for opero,tions
(AsR-O). This a "counting register" rvhich can adci -f 1

into position 23. It has fi{teen positions, 9-23.
'I-he nlen-ror), unit also contains tu,-ci cour.rtir.rg registcrs

capable of adding *1 or -1to position 23. One is the
ls-bit oddress register Jor doto. (AsR-NI) r,ith positions
9-23. The other is the 24-bit lremor\: register (1\,IsR).

l'he rnemorlr register is used for ail cornrnunication
u.ith nrerlorl' cel1s. .\nr- nunrber or instmctior-r u,hich is
re:rci is l,ritten ag:rin into the szrnre cel1. ]n sonle Lrzlses

(ste.p-aheorl Junctions), *1 is adclecl to position 23 of
f,IsR before rvriting back.

'lhe nrenrorl' register can be uscd Ior progrirlr con-
trol bv ccrrrnectiori to the si.gn indico,tor (I) rvhicl'r is a
1-bit rcgister connectccl to position () of 1\'IsIt (:rncl

sonretinres to position 9). 'fhis progrilm contr«r1 is tnade
possiblc b), being assor:i:r1.ecl u'i1[r orre briLncl'ring instruc-
tiou t(I (lO'1'O'. \\,.lier "l GO'j'(), Å";oc('irrs ir .r yrro-

gr:1nr, lrranching is ptliornrecl i1 I corrtiLins a 1 antl noi
it I r:ont-rrins 0.'I'hc sign irrdicalor I is set tri 1l'ttt:rt ir

nrtrnber olt tic:gatir.tr sign is reritd or rl riltetr irt rretrtorr'.
Jt rr-:rrr:iirLs until r-rne iiI serr,t:ra] irtslrr-rcliorts ir[Iectirr{ J

'lla-* trcctirreti,
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By means of I and the function I GO TO, program
control is obtained vrithout influencing the contents of
AR or MR. I can also be used for control of program
loops. In this case, I is connected to position 9 rather
than O, so that it will indicate the sign of the address
part of the word. It is thus used in connection with a

count instruction t'+ 1, A;" which adds * 1 to the mem-
ory cell A and then brings position 9 to I.

Communication with terminal units is via the exlernal,

bws l'ine (YB). This is connected to the internal bus line
by means of the external bus reg'ister (YBR) of 24 bits.
From 32 input and 32 output, channels can be used.

When an instruction to be executed coutains a unit
in position 8, thus addressing a terminal unit, the posi-
tions 8, 11 and 19-23 in N4sR are transferred to the

\2

v

AsR-Y

Addre$ regkle,, rerminol lniB

0-5

MsR o'23

M5,
1096 1096

^ddreB 
.cqLre,. mehory

AsR-M s-23

1 ro pos 23

r2-23

I lo po, 23

(e-23)

KE

Power unit *irh redi{iets
ond voltoqe (ontrol
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rirc,nol bu, I ne VB

tr55

YE

conrrol pcncl MP

ARITHMETIC UNIT AE

hrc-.| b,s l^c lB

§

\§
SE

CONTROT UNIT SE

YE

.1 ro pos. 23

AE MS
0-7

SE SE

r§
Fig.2 (Cont'd,.)

§
ad,d,ress register flr terminal wni,ts (ÄsP.-Y), a part of the
subcontrol f or term'inal Lrn'its. The latter interrogates the
addressed terminal unit whether it is ready or not. If it
is not ready, the computer waits for a ready s'ignal from
the terminal unit. ttlnterrupt signals" which occur dur-
ing this waiting wil1, however, cause the waiting instruc-
ti«rn to be regarded as not started. If readlr, the terminal
unit will per{orm the ordered communication with the
arithmetic unit v'ia YBR.

YBR is needed as a buffer between the internai bus
line and the external bus line because the latter is con-
siderably slower. This enables communication over
longer distances r,hen terminal units are concerned.

An 'interrwpt system is provided to permit sin-rulta-
neous operation of different terminal units and o{ the

computer, without need for buffer storage. Two differ-
ent interrupt signals are provided. One causes program
branching (with storage of return address) to a fixed
memory cel1. This initiates ((interrupt control soft-
ware." 'lhe other one causes a break without branching
while one word is transmitted between the terminal
unit and a specilied memory cell, after this cell specifi-
cation has been changed by * t ;'i.e. so subsequent cells
rri11 be used for subsequent transfers (step ahead).

The external bus line and the interrupt systen.r lr-rake

the connection of different terminal units easy. Any
such unit only has to generate an interrupt and a ready
signal, react to a start signal, and be provided rn,ith one

register of 24 bits or less which can colnmunicate with
YBR.

YBR

Exreriol bus rcaLrer

OR yR 18 23

MGMoP

23

0-23

s

0-

0-23

DR

AD 00-2s

Addirion Subrro.tiöh

sMR t-2s

Shitr reeLrer {or multiplicarionSh h regrster lor occumulotor

sAR oo-23

MR O.

Mul,lpl corion regLler

AR 00-23

AccumuloloL regLle.

PY 21-23

AsR.O

UKA UKM

PG
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The l,[agnclic T-ape System

N{agnetic tape units ilre connected to the computer
b1-me;rns of a special tape communication unit (TCU).
This can connect up to eiglit teLpe handlers, but severa.l
tape communication units can be attached.

By rn,ord, TCU transfers infornration betu.een tapes
and the computer u,ord, using a 21-bit register. Any
hind of data packing on tapes is obtained by pilcking
these data in r,vords in the rnemory used for tlpe cont-
rnunicertion. Inforrnation is stored on tape in blocks of
variable length, from l to 1023 u,ords. l-incir tzrpe is
used, providing 16 tracks of which l5 are used. 8 tracks
carry information so that three trzLnsverse rours on tape
carry one con-rputer rvord. 5 tracks are used for redun-
dant inforrnation to correct autonaticrLlly a1l 1-bit
errors on reading and to check {or r-nultibit errors o1r

reading and Lrlock counting. 2 tracks zrre used to indicate
block starts and block ends by 2 different conrbinations.
These are also checked and corrected. 'I'he follou,.ing
operations can take place simultaneousl\r:

1) Reading one tape and rn,riting :rnother;
2) Reading one tape and block passage u,hile count-

ing trlocks on another;
3) \Vriting and block counting;
4) Block counting on 2 tapes.

Interblock gaps are about 1 inch u.hich corrcsponds to
about 100 r,ords. Recording density is 300 rows per
inch. t'Interrupt rvith brancl-ring" is associzrted u,ith the
start and linish of block con'rmunication, u,hereas ((inter-

rupt without branching" is initi:rted by the 24-bit regis-
ter of TCU each tin-re it is filled or err.rptied. Thus, suir-
sequent words in memorv are loaded during tape read-
ing at instants u,hen tape rou,s have been transferred to
fill the TCU register. \\rriting is aneLlogous. Other ac-
tivity can go on during this process except for the short
intervals oI interrupts zrnd transfer betr'veen the TCLI
register and \'tsR.

Rert-her than possible alternative solutions, the choice
of the error correcting and detecting systell used u,as

based on the ext.reniely f:rvor;rble expcrience u,ith such
a system on the earlier computer Sara. Additional argu-
ments follou'.

The relativell, high recorditrg densitl, used in tnodern
ta;le sl.stems (300 ro\vs per inch in our case) bring sonte
consequcnces whicl-r iire very often overlookerl. 'lhc dis-
tance betrveen ro\vs. tha.t is, the longitudirial distilnce,
is 1/300 inch, r,hile the tr:rnsverse distance, between
tra<:ks, is rnore than 10 tirres greater. '11'rerefore, a clis-

turbance in the niagnetic comtlunication bettveen the
tape and tire heilrl r'vhich is large enough to diqtrrrb 1-bit
position, r,ill disturb sever:rl bits in the lcingitudinal
direction along 1he sanre track. f'his alrlc,rst conrpletely
eliminates thc value of longitudinal parity checliing
vn,l-rich lr,ouItl otherrvise l.rave been of iil terest. S<trlle pub-
lisherd rnathenratical anal\'ses of longitudin:Ll checking

Decernher

disregard this fact. Their results are accordingly un-
realistic bl. tro small measure. Thls lny tirue there is :r
bit error in er rou,, the corresponding track rvill hilve zr

rrrultibit error. Only in 50 per cent of the cases u,oulcl
this hzive an odd numbcr and be detected by longitudi-
n:rl paritl' checking. Siniilarl1r, a 2-bit error in .l row
u.ill introduce nrultibit errors in trvo tracks, and in 25
per cent of the cases both tracks u,ill hzrve even num-
bers of errors which then go undetected.

\Vhile c,lense recording thus makes the longitudin:r1
checking almost useless, it also makes it unnecess:lr1'.
Thus a 2-bit error in one row nill be folioived b),2-bit
errors in tlre neighboring ror,vs because of thc short longi-
tudin:rl clistance in relation to track rvidth. In some rou,.
or ror\rs, then, one track rvill still be disturbed nhile the
other is not. The result is one or more rolvs u,ith 1-bit
errors in the vicinit.v of :rl1 (or alnrost :r1l) 2-bit errors.
Onl1, lyhsn the disturb:rnces o1r trvo tracks have exil«:tl1,
the same extension to the precision of less than one
tenth of a track rviclth in both longitudinal directions,
rvould this not occur. An iuerlogc,us situa-tion occurs
u,ith multibit errors u,hich rvill therefore alrnost alu,a],s
be surrounded by errors of even. lou,er multiplicitr,.
Therefore error dctection is on11, required for 2-bit errors
r'vherr 1-bit correction is uscd (and for n+l-bit errors
rvhen a-bit errors are corrected).

\\iith the systern used, all 1-bit errors, ',vhether gen-
erated during u,riting or reading, are u,ithout signifi-
cance, although thel, can be counled to check tape s1-s-

tem condition, u,hile all nrultibit errors occurred during
writing or reading u,ill lead to error alarm during read-
ing. N{ost of thenr are then eliniinated bv rereading.
(In the Sara s-vstem :rbout one error alarm per tveek is
obtained, but onl1, one to ten per )'ear are unrezrd:rb1c.)
No errors go undetected. This is true for most modern
tape s-vstems. Therefore, the signi{icant figure of merit
for r:ompilrison of different checking principles for tzrpe
sl.sterls is the frecluencv of occurrences of nonreadable
data. 'lhis can be redr-rced by autonratic correctir.,n, as

used in Sara. and D21, for instance, or b1' autornatic
detection at an instant rvl'ren corrective action can be

autornaticalll, initizrted, or both; for instance, b1, 19-

re:rding during tape read ancl b1' check reading dr.rring
tape u,rite. This can be cor-nputed in a simple u,a-v,

u,herrever the basic error frc'quencies are available fronr
statistics. To see this rve first introduce sonre trotalions.

Let

zE1 :{requency of 1-bit errors generated during writ-
irg;

?u-: same for multiple bit errors;
11 and r- be analogously deflned for errors generated

during reading or between writing and reading;
d.r and d"'be analogous frequencies caused by perma-

nent damages on the tape.
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erence quantity oI tape data, from the instant of output
to tape through the event of being input on a subsequent
tape read, is w\ tw^*r1 *r**d,l ld"'. Horvever, some
errors generated after writing are nonconsistent in the
sense that they can be corrected by iterated reading.
As this can alu.ays be initiated at read time, in systenrs
rvith error detection, u,e have only to consider the
smaller number of errors obtained when nonconsistent
errors are eliminated.

Let
c1( ( 1) be the "consistenc-v factor of 1-bit read

errors," deiined by ct.11 :frequency of con-
sistent 1-bit read errors

c-( ( 1) be analogously defined for multiple-bit
errors.

The total error frequency thus will be (for any system
with error detection)

l : wt l w* * ctrt * c*r* + dl + d*.

We are intcrested in different rnethods for reducing l.
We consicler 1-bit error correction and, zilternativel1.,
chet'k r,'rdir,g .riter rvrit ing.

The total frequenr:1, of occurrencies of rronreadable
dtrta rvhen 1-bit error correction is used is seen to be

tl:,ittr"+c",rilt+dn.

lr.hereas the c}recli reading gives

l'-ctrl*r'"r*

if we also make the assumption that the check reading is
also used to skip damaged portions of tape during writ-
irrg.

A combination of both methods gives

tlvc 
- -m..m ,L-U'.

A quantitatir-e cornparison of these three quantities is

necessar\r to enable an economical clroice of design. This
ca1ls for nunreric values for the basic frequencies enter-
ing the formulas. The experience from Sara indicated
roughiy the follou-ing relations:

'ra1 : c1rl

7l'' : c-r^

zr,1 : 1000 trL,"'

clrt ) t00o r^.

The first two relations are explained by the fact that
writing is done rvith nrr-rltiply overpowered u,rite sign:rls
r,vith the result t1'rat srnaller physi.ul disturbances have
no effect on rvritir.rg rvhile causing errors in reading" The
remaining relations are statistically natural, and in the
first approximation one rvould have w* =(ru1)2 and
similar {or r1 , r"'. This r'vould have given a factor of 107

instead of the (conserva.tive) 103, above.
With these data we obtain, for undamaged tape,

oD/

t" ) 1000w^, t1u' : w*.

Thus, when damage is rare and damaged tapes are
taken out of use, then 1-bit error correction is vastll,
superior to check reading after rvriting while the corn-
bination of both give only slight irnprovement. If tape
damage is expected often, then check reading rnight be
desirable. The experience frorn Sara did not indicate
that such would be the case.

Other Terminal EcltLipment

There are, of course, a set of other t-vpes of terrninal
equiprnent that can be connected. In {act, the design is
especiall-v made such that the introduction o{ ern-v such
equipment is e:rs1, at any subsequent time.

Presentll, in use in every ir-rstallation :rre a control
desk, a clecirnal displav register and rnanual prograrl
switches. Further, a punched tape reader (1000 char-
acters,'-'sec), tape punch (150 charactersT/sec), card
reader (800 cards,/n-rin), card punch (120 cards,/nrin),
and line printer (900 lincs/nrin) are optional, as rvell as

magnetic tapes and digital-to-analog :Lnd analog-to-
digital converters {or on-1ine operation c:f x-y record-
ers, or in connection r'r-ith process-control eLp;llications.

Tut; Co:rrgtNED HARD\vtnr:-Sor-ttr,AnB Sysrl:lr, I)ÅC
'lhe basic asserlbl-v svstem DAC contains instruc-

tions for all machine-built operations as well il.s man1.
others. It is therefore rnost convenient to give a revierv
of the rnachine functioning irr DAC language rather
than in n-rachine coding, the more so as DAC uses a very
natural and rather n-iachine-independent s)-rlbolog-v.
Finally the rvhole DÅC s1'stem, rather tl'ran its "tra-
chine-built subset,'i depicts the properties of the D21
s-vstem, and frorl tlie programrrer's point of view, it
makes no difference rvhether a DAC instruction is a

machine operation or a macroinstruction as soon as he

hers knowledge of the operation time. \\ie thus start b.v

giving a brief description of the DAC language struc-
ture.

A DAC instruction, like a machir-re instruction, is

cornposed csf at operations part and an aiLd,ress port,.

DACI uses one-address instructions but, as we shall see,

subroutine calls are so simple that the1, look aLnost like
single instructions. Subroutines ma1r, hor,ever, use any
number of p:rrameters so that the subroutirrc calls ac-
tuall-v introduce n'ruitiaddress instructions oI variable
length into the s-vstem.

It r'vas considered very iu'rporta.rrt to be able to Ltse

short names for {requent and sirnple concepts and long,
descriptive nanres for infrequent, coniplic:rted ones. T1'ris

holds for operations as u,el1 as for data. l)AC therefore.
unlike most symbolic :issenrbll, sl,stenrs, uses variable-
length operations p:rrts zr.nd rrddress parts of ittstruc-
tiorrs. That. is, names of operations and clata ma1' have
ar-r1' length. Therefore terminator s1'-rrrbols have to be

used, and in DAC e\rer)-operation part is terminated by
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a comma, and the address part (as r,r,-ell as thc instruc-
tion itself) is terminatcd b1, a semicolon.

As engineers, mathematicians and. in fzrct, all people
rvho have learned to nrake use of the pcln,er of concise
st'rnbologr. use man). one-character synr[615, a large
alphabct, also containinq ruinors and some special signs,
is used in DAC. If , for irrstance, i and I arc used as s-v*m-

bols for different objects in a forniula, it is not true that
the assen'ibly sl,stem permits use of original data narrlcs
if onl1- nrajors arre pen'nitted" To change sorre s.vrrbols
nro.]r 5ss,-,, trivia"l but erpcrience proves it to be ver1,
au,ku,'ard indeed.

'lhe address parts of IIAC instructions can be data
names or numeric varlues; indirect addrcssing is obtained
if address parts :rre enclosed in parentheses. Thus, op,
(A);is equivalent to op, a; (a-;rrldress part of content

Decentber

A, and -|:, A;adds ar to a and then stores in A. I-ike-
u,ise Cf, A; , clears AR (indicatecl by C) ancl then
adds a to AR rvhile : C, A; stores ar in A and then clear:s
AI1.

Prefixes L, D and ]:- a.re used as categori,zers, i.e., to
indicatc that an operation is oI tire categor\r long (L),
double l>recis,ion (D), and floating point (F), respec-
tivel1,. I-*, A; forms the 47-bit product of ar ancl a in
AR\,IR rvhile D*, A; fomrs tl're procJuct (likeu,ise 47
bits) of armr and a, a+1 aud F*, A;finallr, multiples
in floating point (tu.o D21 rvords per number) .

\\ilien anotller register than AR (or its counterpart
ARX,'IR in L and D operations) is to be used, it is
nanred in the operations part.'lhus C+NIIt, A;brings
a into \,'IR ancl I GOTO indicat-es a junrp controlled
b1.the status o{ the indicator register I.

IEEE TRANSACTIONS ON ELECTRONIC COfrIPT]TERS
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t

t

t

Equa-
tiolr

of A). Brackets are used to indicate the step-ahead mode
of indirect addressing;op lA];is equivalent to op, a*1;.
Indirect addressing adds 4.8 psec to the operation times
(in the stepping mode 5.6 psec).

It also maLes it possible to use DAC operations part
language for other computers in a way that will be
intelligible when one knorvs the DAC operations part
language syntax. It can thus also be used to describe the
orders of any computer"

The operations parts of DAC instructions may be a
combination of more elementary ones. 

T hus f , A; adds
a (the content of men-rory cell A) to ar (the content of
the accumulator register AR), and :, A; stores ar in

'I'in're (psec)
\-ari:rnts for

Registcrs, other
than ÅR

C+N,II{,

NIIt:, I{R:C,

i1 rithmetic Calcgorizcr s

floating point, 40-bit mantissa
double length, 47 bit
partly double length
ale applicable to most of operations 1, 2, 3, 4,5 and 12,
SF to 12
is applicable to 3,4,8,9, 10. For.instance L-. N; shifts
ARMR N steps to the right, so that the N risht-most
positions of AR are moved to MR. The sign öf AR is
conserved. Instead LC+ rvill shift ARNIIR right rvith 0's
fed into AR6

Basic Operation

2

3

I

5

(t

7

B

9

P, Å;

11 \

10

11

AI]S ,/arrrr/ to AR

12 ruath. f functior.rs and ecliting oper:ltions

Names in i.irors indic:rte colltent of register r.vith salme name in majors. l-or instance, the first ror,,. iirclicates tSat f , C+, +:, +:C,Cl-\ll( rre rvail;rl,lc rari,rnrs o[ f .

F
D
L
F,D

L

and
AS operate on posiriorrs 8-23 only
MAS operate on posirions 6-23 onlv
LEFT operate on positions 0-l I only
RIGHT operate on positions 12-23 oily

which apply only to 5.

Conrbination
Åvailablc with

Preceding
Operation

Combination
Avaii:rble u'ith

Succeeding
Operation

arf a to AR 9.6 C

_ .\. ar atoAR C

-,4 ar.a to AR, roulcled

9.6

35 .2 .10 .8

ar/a to AR 1(t.4/ L.

- ^. ar to A ancl AR 9.6 I C,

eflcctive iLdclress to NIll 9.6

A, A; iul\a to AR (cxtract) 9.6

- 
l\T. ar left shilt ,\ plar:es 7.2+(N,1)0.8

*, N; ar right shift N places 7.2+(N 4)0.8

NOIINI, Å; ar nornraiized, no of shift to ÅI{ 10.4*n.0. B

C,

tcger) to A pcis. 9 23 iurcl
iuclicator I

a ] l (in
sign to i

10.4

6.1 or 11 .2 -1

1
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Sorne examples of operation times for category vari-
ants may serve to illustrate the specd available.

D+
D-
D/
L*
I-e
F+
F*

659

etcrs whose values then nrust be transferred to llrac
before or during its execution. I-et tl-rese paranreters be

named Length and Width. 'lhc instruction in the nrain
program u,hich calls for Pr:rc niay be laLielled L. 'lhe
relevant part of the progranr u,ill then be
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SQRT (sc1,rare root)
DSQRT
FSQI{T
SFSQRT
SIN (sinus)
DSIN
FSIN
SFSIN

16 psec
300 psec
445 psec

35 . 2-40 .8 psec
7, 2+0, 8 (n -4) psec
265 psec
430 psec
410 Trsec
590 psec
565 psec
395 psec
340 psec

1505 psec
1865 psec
530 psec.

PR,
P
P

L Prac
I
)

I-ength
\Viclth;

Call lor sulrroutine Prac.

o

o

Note thert for the mathclratic:rl {unctions, of which
onl-y a fcr,v iravc been shou,n, floating point. arithn-retic
is as fast as fixed point arithruetic. The rent.rining cate-
gorizers do r-rot afl'ect tit'ne.

\\,"e shorv later some editing and string handling (r..e.,

text handling) operations available in DAC, as \\'e11 as

variable-lengl.h cl ilt:r handling.
?rogram C)ontrol Instructions: In basic form, these are

GOTO, A; branch to A; 4.8 psec
DO , Å; a is used :rs instruction, 4.8 psec*instruction tin're
STOP, A; stop, on restart branch to A
I-IOLD; s.l'ren all peripheral units har.e cornpletecl specified

r.rperations continue u'ith the next instruction.

Categorization is merely for GO TO which also per-
mits a successor operrrtion I'R. There{ore, we list the
categorized operations in complete forrn.

*GO'fO, A; branch to A if ar)0
-GOTO, A; branch to A if ar(0
IF ZEI{O, A; branch to the second next instructionil arl0
IGOTO, A; branch to A if i: 1 (indicator 11eg.)

O\''GO'|O, A; br:rnch to A if overflot'
NO\-GOTO, A; branch to A if not overflorv.

'lime for lnost branches is 4.8 t,hen performed, 6.4

cltl'reru,ise, ancl the combined operation.
GO'I'O PR (or Plt),.\: If this iustruction is labelled L then L't1

is translerred to A's adclress part folJou'ed

li,"|iåå:n'"* 
to A*1. i\n ancl N'IR not

I GOI'O, is usecl togetl'rer u,ith -f 1, for simple loop
prograrnming. 'lhus the follor,,,ing set of instructions will
loop N times

C- , \l Rring -N
, Loop; into Loop

It is seen th:rt the cail for I'rac is nothing Lrut lr tu,o-
address ir-rstruction of a sorncr\t hat nrodified fornr.

'lhis sirnplicity, for the prograrnmer is not bought b1'

extensive and time-consurning opera.tions in the sub-
routine. \Ye sho-,v this. The first cell of the subroutine is

labelled rvith its name. Let us assunle that the subrou-
tir-re starts b1' retrieving its trvo input pararneters ;lncl
stores thenr in Le and \\ii. After tlie branching of PR,
the relevant parts of Pr;rc u,ill nolv be

Prac: , L*1;
DO, (Prac); N{l{:,I-e;
DO, lPracl; X'IR:, \\ii;

GOTO, fPrac];

The instruction L: PR, Prac; in the main program
brings L*1 into the 6rst ccll in Prac. and branches to
the succeeding cell which contains the first instruction
of I'rac.

1'his sa1,s: DO, (Prac); u,here parentheses indicate
indirect addressing so that the operation perforrned is

DO, L+1;, because L*1 is the content of Prac. Norv
DO, L+1; is equivalent to P, Length; t'hich is stored
in L-l1. 1'his brings the address of Length to -\ilR. Then
control goes to the next instruction of Prac, t..e., \IR:,
Lc; so that the address of the Length value is norv stored
in Le. 'lhe folloning instruction sa\rs DO, II'rac];, this
tinre indicating indirect addrcssing t''ith step-a}read.

Thus *1 is first addcd to l'rac, u''hereupon it is used for
an address. 'fhis makes the instruction rvork a.s DO,
L * 2 ; that is P, \\iidth ; u,hich then is brought by ]\tI R : ,

\Ni; to \\ri. "lhc last instruction in Prac is GO'fO,

[Pr"c];. This is eqr.rivalcnt to GO'fO, L+3;, providecl

no step aheacl has been doue on ]'rac in the prograrr
u,liich r'r,as left out of description. 'lhus, processing is

grrided back to the correct pla.cc' in thc nl:riu pro{r-anl.

Handling of Stri,ngs (Text L'ines) and' Word. Groul>s

In DAC a string is a sequence of characters. Rather
than 6 bits, 7 bits are used to permit handling also

minor letters. Strings are stored in DAC rvith 3 char-
acters in the last 21 bits of a word. The first bit indi-
cates whether the next word belongs to the string also.

If not, then the remaining two bits indicate how many
characters are in the word. Thus string length may vary
dynamically"

§

§ Proc

+1 , T-oop: CrrLtcnt of Loop is reduced b-v 1.

I GOI-O , l'iroc: 'I'he first N - 1 tin-res this statement is
seen. Loop is ttegat:irre, I is one, brattch to
I'roc is macle. 'l'he Nrh tinre [.oo1r is zero
ancl I:0 :rnd Ito lrrallch is tnade.

The package of instructions, PR, P, DO, together
with the indirect addressing modes, make ca1ls of even

complicated multiparameter subroutines very simple
and fast.

A simple example rvill exhibit this. Suppose we want
to use a subroutine called Prac which uses two param-



660

The DAC instruction I,IOVE S7'1t, ,4 ; P, B;moves
strirrg A to B, and indicates the nurnber: of u,ords of A
in AR, and the number of charilcters in X,IR. txorll
SLR, ,,1 ; P, !{ ; brings the Nth ch:rracter in A (as a
string) to AR. I{ impossible, the instruction r-nakes AR
negartive. TO S7'R,,,1 ; puts a character in AIt to the
errd of string A. S7-Jt EQLJ, A; P, B; cornpa.rcs the
strings A and B. Then ar)0;is set, if equai;if unequal,
ar{0. At unequal, the ordinal nurnber of the {irst un-
equal l,vord is put into \lR. Son're instructions affect
groups ni words: ,llOIrE, A; P, B; P,Iy'; rnoves N
words starting at A to B and its N - 1 successors.
ZERO, A; P, N;puts zeros into A and N-l successor
words.

Conversion from integer to string combined r,vith edit-
ing is ordered b:, 1.1/7- 7-O STR, A; P, RHIIDD;
ERROR: ' *R' in RllIlDD controls editing, for
instance, zero suppress, floilting sign, an s.f. ttHH" nunr-
ber of integers, UDD,, decimals in the string obtained.
If the number converted gives a number of digits greater
than indicated, branching goes to "ERROR," othem,ise
to the cell after. STR TO INT', l; EItltOR,. . ; is
analogous"

Input and. Otttput Instructions

We give a feu, DAC instructions to illustrate. C)PEi{
CARD M, A1; P, A2;assigns buffer areas A1 :rnd A2
for card input. A1 :Å2 gives one single area. RE,ID
CARD;reads a card to the:rvailable area A1 or A2.
GET CARD S7lR, ,{ ; I', BBB!'ll/; NN card columns,
starting at BBB are nroved to A as a string; inforrnation
is put into AR about address for chara.cter IIBB and
whether the card field rvas blank, nurneric, numeric rvith
some signs, alphabetic, and u,hether BtsB+NN>E1
(for 80 column cards). Card output is analogous. Print-
ing is handled with the instructions PltII/T', ly'; and
ADI.;|NCE, Iy'; and PtlI' PR STR, A; P, BBBNI{;
u.hich, respectir.ell,, prints a line foilon,ed by paper ad-
vance controlled b). N, advances paper, and puts the
string starting at A into the buffer area for printing
with first character in BBB hzrmrner position and
checks whether BBB+NN>121 (for 120 position
printer).

Ilaxor,rNc oF NoNUNTFonM I-nNcrn Dlr^t
Both br-rsiness and scientifrc applications encounter

data of nonunifornr length. 'lo store data, r,vhich are
rlui:h shorter tiran the mernory .uvords, in separate
rvords u.astes spa.ce orr tape and in memory. Packir-rg
data, so that e:rch takes only, as much space as it needs,
therefore reduces tapcr space and increerses tape speed.

The specific fentures of D21 n-rake feasible a solution
to thc variable-length data problem rvhich does not re-
cluce int.ernal processing speed. Tl'ris is obtained b1, per-
{orming data paching on output to tape and unpackir.rg
on input. No "t'tord marks" or itenr septrrators need
be stored on tape, exceplt for dynarnicall_y r,;rr-ving data
lengtl'rs;thus, in this svstenr, tape hanclling is on packed
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data, giving both speed and space advantages. Instead,
internal processing is on u,ord s_vnchronized data giving
maximurl speed but requiring cxtra space. 'lire latter
is kept small because u,ord length is small. In fact for
scicntifrc applications, ll,here in general much rnore data
need be irl rnemorl' th:rn in business applica.tions, the
data, also rvhen u,ord-synchror-rized, rvili require feu,er
binary memory positions than in normal t1,pes of scien-
tific cot.rputers, because short data take up onl.v 24 bits
r:rther than 40 to 60.

In addition to this, holvever, data size irr{orm:rtion and
packing and unpacking routines also h:rve to be stored.
Part o{ tl-ris is balanced, on comparison, by rvord n-iarks
used in other s-vstems.

In this sl,stem for handling va.riilble length data in a
way u,hicli permits both n-raximum tape handling speed
and maxinrurr internal processing speed, an interniecli-
ate additional processing has to take place, e.g. the
packing or unpacking of data. This operation, of collrse,
takes some tinre.

A further advantilge of the nretl'rod of doing packing
and unpacking as an interrlediate betrveen input :rnd
output, and thus Ior rvhole records at a tirle, is that un-
packing is simplified and speeded up, and packing still
nrore so, tvhen done in sequence. In addition, this opera-
tion prepares records Ior processing or output so that no
extra handling has to be done to this end, u.hich is other-
u,ise the case as soon as records are grouped, severai
into one tape b1ock. This rnode of rvorhing also is made
easier and faster b-v the indirect addressing facilities. In
this process the data can be packed con-rpletel1, so that
no considerations has to be given to w-ord boundaries
and so that data space can go dorvn to one bit rvhen this
is sulficient.

In order to give the reader an iclea of the pacl<ing
efficiency and the speed obtained 

"vith 
this system u,e

take a sinrple exanrple. \\Ie assurne thtrt rve have a se-
quence of data ternrs u'hich are denoted belou, by a
tlirough ir for short, together with their "natural" nalnes

Number
of bits

Part number
Variant cocle

Quar-rtity
Year
\''Ionth
Da1,
Narne length
Part narne

0-50000
t-2
1-200

00-99
1-12
1-3t
1-8
1-30 alphanumeric

characters

IEEE TRANSACTIONS ON ELECTRONIC COMPATERS

\

a
b
c
d
e
f

h

16
1

8
7
4
5
4

1-8 viords

i2 i3 ... i12

abcdefgunusedh
0 , 15 16 17 0 i...8 9....12 13...V 14,..2122...24

and indication oI their minirnum and maximum nurler,
ical values and the nulnber of bits required {or storing
the mnximurn vaIue. 'I'he last ternl ttg" or ttPart name"
is assumed to require 1-30 ;rl;lhanllmeric characters o{

I

i1
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6 bits each. This has been regarded as su{ficient for
justifying the assignnrent of onlv so rnuch space (on
tape) as is needed for the actual value, thus varl,ing
from one occurrerlce to the next one. 'lhis in turn re-
quires length infonnation to be carried with ea.ch occur-
rence. In the exanrple, it is supposed to be stored as the
ternr t'Name lengtli." 1'he dynamicalll, varf ing term is
supposed to be assigned an integral nurnber of r,,,ords for
siniplicitl..

\\ie give belou,' a DAC program lvhich will move the
terms to be unpacked in a sequence of ttwork words.,,
Two cells called Datavu,ord and Worku,'ord, respectively,
are used to hold the current address of the dataword of
packed data and oI unpa.cked data, respectively. This
inforn'ration is thus available by indirect addressing to
these words.

address for rvorku.ord for a: wa
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bits for a u,ordrnark character or, aiternativellr, as corn-
pared r,r,ith I-30 bits for one-bit rvordmark position in
each chara.cter position of other s-vsterns.

\Ve nrust tilke into consideration, however, that this
way of handling the alphar-runreric term as a dl,nami-
cally, variable one, that is, on tape but rvith fixed length
in memor1., makes its further processing so sirnple that
one can afford to use records r.r,ith several dyna.mically
varying terrn lengths. This u,'i11 correspond to saving
sever:rl words on the average for each occurrellce of this
term in the present svsten as cornpared with sl,stems
not using the dynamic variabilitl,.

'I'he time taken for unpacking the terrns a through f
amounts to 216 psec which corresponds to 216/6: 36prsec
per terrn on the average. This speed, very favorable in
itself, is still better than it appears n'hen grouped rec-
ords are handled, because in such a case a record has to
be moved to u.orking storage area before processing.
This lr,ould have required C*, and :, for each term,
lvhich with indirect addressing would have required
30.8 prsec. 'lhus unpacking, in effect, takes only 6 psec
per term.

It is one of the jobs of the software to relieve the
programmer from the writing of the packing and un-
packing routines, although these are fairly simple. F-or
this to be possible, the programmer has to provide the
software with data descriptions. 'lhese are then proc-
essed by the softvvare to generate rout.ines like that
shown above.

In DAC this is handled by the instructions UMACK,
PACK and MOVEITEItS. We describe the first one
briefly: P, Di.sp; PR, UNPACK; P, Post; P, Area"

"Disp» is the first of a sequence of ,,disposition

words," one for each term in the record to be unpacked.
t'Post" is the Iirst word of the packed record, and Area
is hrst for the unpacked record. A "disposition worcl,,
indicates the bit positions of a. term in relation tot'Post." UNPACK processes t'disposition words,, in
sequence, until it finds a disposition u,ord which is zero.

D21 PnoeLEr{ ORTENTTID LANGUAGES,
Arcol, GrNrous, Closor.

The position taken in designing the D21 system is
that advanced problem-oriented software is to be used
normall1,, and that with D21 hardware this does not
deteriorate the processing capacit.r, attempted.

In additiorr to this, experience has revealed that the
language which is efficient for rnathematical processing
is elficient for any processing. Thus any programming
language is designed to handle data and program logic
in an efflcient $,a_v in a computer. Thus the main fea-
tures of Algol are not merel1, ((mathematical,', 

and those
of Cobol are not merely ttbusiness-like.,,

We have found Algol the best language for internal
computer rvork and Cobol Data Division a good (and
the onl1, standard) language for handling blocked and
packed data. As Algol is void in this respect, we have
concluded that combinir-rg Algol with an input-output

Langefors: D27 Swedish Data Processing System, Sweden

C+,

C+,

14.4 psec Cf ,12 LC+,

14.4 psec : C,
7.2 psecLe,

llscc Le,
PseC : C,
psec L+,
PseC : C,

wa
\\rorkrl.ord
i1;
Datau.orcl;
( Datari'ord);
9:

( \\'orkrvord) ;

1;

o

o
word i1 to AR
9 right shifts, O's inserted at left

side of AR
term a unpacked in rva
one bit is shifted left from NIR to

AR
term b unpacked in lvb

1st part of term c to u.c
u'ord i2 to AR

complete term c unpacked in wc

term d unpacked in u-d

term e unpacked in we

tenn { unpacked in rvf

term g unpacked in rvg

-term g to AR
-Name length in Loops

lPart name mored frorn datas'ords
lof nurrrber:r'alue of Name length
f to data n'ords of number equef ro
Jnraximum value of Name length
(8 in this case).

.2
4
2
2
2
4
6
2
2
2
0
2

Psec : C,
psec L+,
PseC : C,
psec Cf ,
psec LC+,
psec f : C,
/.rsec Ler
PseC : C,

L+,

C_,

c+,

+1,
ICOTO

[\\'orkrvord];
8;
[\Vorkrvordl;
IDatau.ord];
23
( \\rorkrvord )
7;
[\Vorkn ord];
n-

l\\:orku,ordl;
5;
f\\:orkrvord];
4;
[\\'orkrvord];
(\\-orkrvord);
I-oops;
lL)atarvord'l;
i\\-orku,ordl;
Loops;
Ll;

LI

§

U

We have u'ritten the execution times to the left of
some of the instructions. Note that terms a through f
correspond to 15 characters. They occupy 2 words minus
the space taken up b1'g; that is, they occupy 45 bits.
Thus, on the average 3 bits per character are used. In a
character-based storage svstem, they would have taken
up 15 X6 bits plus 6 u-ord nrarks of 6 bits making a total
of t26 bits. Alternarir.el)', 15X7 bits would have been
needed, with one bit per character reserved for word
marking, that is, 105 bits in total.

For the part name, u'e notice that .n,e have stored 4
alphanumeric characters per word but reserved an
integral number of u,ords. In the last rvord we therefore
lrave 3, 2, I,0 characters llasted alternatively and with
equal probabilitl,, or 6 4:1.5 characters or 9 bits, on
the average. In addition, 3 bits r,vere spent for the name
length infornration. Thus we have in total 12 bits un-
used for the alphanurneric terrn, as corllpared rnith 6
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svstem of Cobol Data Division t--vpe is eflicient :rnd
reasonablv adopted to present standards. l'hus a
GliNeral Input ;rnd Ol-rtput System, or CIENIOUS for
short (Srvedish: Genius), has been specified :rnd is in
the inrplerrreritation st;,Lge. ()enious car be used rvith auy
language but «r{ prinre interest is the combination Algol-
Llenious. Also, Cobol will be available for D21. In this
case Genious, although partly ider-rtical with Cobol, is
r,r,ritten in the way Algol is. Thus reserved \\ords in
Genious are indica.ted by underiiriing. Genious rVill do
the foilowing:

1) CJontrol ir-rput ar-rd output auton'ratically; a.e., load
input are:rs as sool-l as they are ernptied and lil<e-
rvise unload output areas. No instructions in thc
program are ncedcd for tl-ris. T'crnrinal ccluiprnent
and file assignnrent declarations together rvith
open and close procedures are used to this end.

2) Prepzrre input rccords {or processillg and output
recorcls for output. Tl-ris is done by nroving ancl un-
packing a record fron'r an input areir to a u,orking
are:r :rncl the convcrse to al output area, as de-
scribed in the preccding section. \'ergs (r..c., Algol
pror:edures) IiI<e rc'a rll1le ( (! lqnarlg ), (1.qol{ Llpq),
(encl cond ition )) and u.ri tcfr lc ( (fi len:rnre )) :rre u,rit-
t;ain tl,E p.our,,,,r f",:i nitiiri,i,i rrt-t t,is acrivity.
Rccord descriptiorrs similar to thosc oI Coboi are
rvritten in Genious part of a program and used by
Genious {or automatic generation of packing and
unp:rcking selluencres. \\,'e give a few of the first
lines of a Genious Record Description, {or illustra-
tion:

01 a.ugn'rents recortl type tEl 
;

02 t1.pe string size 7;
02 nerv record;

03 ne integer range 1, 10000;
03 qt1' e range 1, 1000;.

'lhus, r,vhatever forrn data have on input and output
niedia, they are prepared by Genious to be available
word by r.l ord in the n orking area of the processing pro-
granr. This then need not pach or unpack data nor rnove
them Ior processing, nor do cquivurlent address modili-
cation. As a consequencc, the processing prograrn be-
comes silnple, sl-rort and fa.st, and the abscnr:e of index
registers, for instance, has 1ittle consequence. It is seen

that Gcrrious u,iil serve dat:i to thc processing program
in the form lvhich is u.anted by A1gol. Thus an ahnost
standard Algol procressor can r,vork together r,r,ith
Genious.

'lo handle data processing rccords A1go1 needs to be
able to accept sucir statements as'if A>13 then goto also
rvhen A and B are strings of alphanurneric data, or to
let:1 ::7] be perforrned as the follorving: Nlove ts to A
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also if A and B are strings or groups of data. Such an
extension u,ould be legal with Algol in its broadest
sense. In order to keep the con'rpiler simple and to com-
pl1, with other A1go1 inrplementations, hou,ever, the
D21-Algol-Genious system uses a set of standard pro-
cedures of Algol t_vpe, such as

move group (groupname 1, gror"tpnan-re 2)

real to string (4, B, format)
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converts the binary number Å to stritrg-
form edited according to "format" itnd
transfers it to B

:tini ::Tp-(1 l,_c) §:l:t ,::JXff :"jEi,%::: f ,"#
ä'i1??Jå:It"r*r 

a is ress trran' equar

Trno o[ the propcrties of Algol rvtrich make it so
efficient as a procedures language are its facilities for
handling advilnced multiparameter procedures and
those for hanclling n.rulti-indexed (or rnultisubscripted)
data.

Such tools are not nruch needed in business data
processing. (The corresponding f acilities erre accord-
ingly less advanced in Cobol.) In our vieu, tl'ris is not,
holvever, because tl.rev rvould r.rot be of adr.antage but
rather that they ilre not yet u,ell understood.

tr'Tulti-indexed data call for multiplication for cotr-r-
puting their addresses. Thus for many business com-
puters this is very ine{hcient, botl'r because their multi-
plication is slorv and because the index registers go
unused for their proper task. X,[ultipararnerer pro-
cedures rreed vcry cornplicatcd calling sequences for
retrieving the pilrameter v:rlues, ll,here elficient com-
puter operations are not available for this, as r,ve have
already for.rnd to be the c:rse for D21.

Dilhculties of this l<ind ha.ve led corlputer users to
abandon Cobol (zrlthough Cobol should not be blamed
for tlrem). \\tith the design chosen lor f)21, such adverse
argurlcnts are eliminatecl; speed and mernory are not
dilficult to use rvith a compiler, as are the different
special circuitrics. Cobol and, to a greater extent, A1go1-
Cenious, can therelore be r-rsed tvell lor business data
processing, as rvell as for other jobs.
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