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THTRODUCTION

' This is a set of notss that is intemdsd to introduce the reader
to ths H-800 and simltonsously to compuber programming, It ig intended
that theas notes will be used sgide<by-side with the book by MHeCracken
nnigitﬁl Commputer Programming®, Since MeCracken (snce forth abbreviated
Me) enphaelzes gcicntific and abithmatic computations, and we are more
interested in date processing and data manipulntion pregramming, owr axamples
wil'l.;" have a different emphagis fvom those in Me. Likewlse, the nature of the
Homgywell 800 requires that we depart from Me's organisaticn in several
plﬁcas‘, particularly following hie Chapter L. In general, however, we will
nplo  the effort to parallel Hc's rsferences te ths fictitious computer
CTYDACY with refevences to the Homeywell 800,

CHAPTER To

The attached figure ig a general block disgram of the H~800
¢ g 18
Sy Suet,

»

An H~B0D syastem gemerally inciudes punched card input and output,
console typswriter and lins printer ouwtpubt, snd mognetic tepe units for inpud,
output, and intermediato storage. The mewory of the H~000 consiste of several
banks, & benk consiubing of 2048 words or memory locations. For the time being,
wo will not consider move than one bank of memory. A word msy be made wp of
zn 11 deecimal digit runber with a sign. 8 alphabstic {or mmweric or punctuntion
syrbol) chavsctern, o L8 bits (binary digits) of binary coded information.

A word nay be either an instruction word or a data word. In addition to the
chove mentioned memory (frequently denoted by HSM, for High Speed Memoxy), the
H-800 eysten includes 256 special registezs which are used for control purposes.
The specisl registors arve divided into 8 grouwps. cach containing 32 registers.
We ghall only consider one grovp of 32 gpecial zeglsiers. These gpecial
registars po¥forn such functions ss maguencing cowmlers, indexing and indivecy

addresaing registers, and other specialiged eonteol fyncitions.
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In addition to these HSM and specisl register storage locations,
the lrithuetic-Uontrol Unit of the H~800 contains cerisin highly specialized
registevy that are cspable of performing szithmetic amd logical fumcitions.
These includs an Aecumuiator, a Low-Order Product Reglster, and a Magk
Register. Unlike the TYDAC or other one-address machines, the H-80C is a
3=address machine, For this reason, the gzithmebic repgisters agouwre far less
importance to a programmer themn they do in a l-zddvess machine, (Thsy operate
in wach the esawms fashlon as they would in a l-zddress machine., but their vse
is impliclt rather thon explicit),

Hote to Secticn l.b:

We will point out here that the preseni “state of the art® is guch
that "gubomatic programming” systows are en gecepted fact. We will therafore
in thees notes uwse gyubolic notation. In other words, vur smamples will be
witten not in terns of absolube machine langusge, but in terms of ths more
oysbolic language which csn be used by the progremer snd which will auto-
matically be tranalatéd Yo machine language by tho machine itgelf, (This,
incidentally, is the esgeuce of Yautomatic®, or machins-aided programming).

Slmilarly, the state of the art with vespect to program checliout
hiog advanced. There ave presently availsble aulbomatic alde to assist the
programmer in “debugging®, or detection of errors ia programs which are in
the procesy of being tested on o computer,

The ARGUS system fow the H-800 incozporates all these featuras:
gutonatic tranelation snd msmory sssigomsnt to allow the weiting of programs
in & convenient gymbolic language, subomavic program testing facilities, and
automatie maintensnce of flles of programs, thus velieving the individual
programmsr of the regpongibility of maintaining his cun reel of tepe or deck
of ca::;ﬂs; also increaping the efficiency of machins utilization by permitting
avtomatic batch checkout of programs in o single program testing vun.
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CHAPTER 2. CODXNG FUNDAMENTALS AWD INTRODUCTICGH TO H~G0OO

I% iz evggested thet the veader read Chapter 2 of Me to becoms
familine with soms of the besic ideas comtained thevein, remsnbering, however,
that the strusture of the H-800 differs congidsyably from the structure of :
the TEDAC; which is the epecific machins o which Me's examples rsfer.

The most significsnt difference betwsen the TYDAC eomputer and the
H-B00 ip that TEDAC bas a single-addvess comeand steructuve, while the H-800
ig a 3J~addremzs machine; Consider the illustration near the top of p. 15 :
of Me. A similzy illustration to desecribe the H~800 instruction werd forwatl
ig ghoyn herses

Conmens A &ddes B aooress  |C Avpasss
) E
£ . 5| s | ¢ — | P
12 Bifs 12 Bibs 12 Bits |2 Bits

Several points oan be clarifisd in rofeorence to this figuve,
First of g1, the term "oit? is o contraciinn of the words bimary dlgitd.
Just as a decimel digit uny assume one of the 10 values between O and 9,
a binary digit moy assums one of the 2 values O or 1. This svbject will be
coverad in detail in Chapbers 3. It is sufficlient to noite at this polnt that |
g word 1s divided imbo k peris or fields of equal size, The flelds each contain
12 bita, end ave knows as the Conmand fisld, the A Addveps Field, the B Addrasz%
field, and ths € Addresz fisid. The Command porition of the insiyuciticon tells |
the machine what to do mhen it operates this Instruction. The addrvsas fields t
zre used to spesiiy mhab mewdry locations sie used as souvees of cperands of
degtinctions of rasulis in the couvse of execuving the inmstruction. In soy
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cne address field, it is possible to refer o any one of the 2048 words in
one bank of BE3M, In sddition, other technigues may be vsed to code the addrsss
fields. This will be coverasd in more detall later,

Erample 1 (p. 15) illustrates the TYDAC coding to perform the
cperation of adding tue numbers togethersud delivering the result to 2 3rd
memory location. The following example illustratss the ssme operatica ln

H-800 coding: coMMAND! Ascoress ! Bopprass | Canorgss
Operation: DA PR ABC RES
Contento of I¥Z: befors « + 1 _
ABC before « 492 e, Thege registers ave left unchanged

by thic operaticn.

Contents of RES  before = - 123456780
afcer + 93

Hete that, as in Mels example i, the previous contents of the result location
{identified hevs by the symbol BES) ars destrayed by the operation. This

order has been writien in sysbollc form, The first field (command field)
conteing DA, which iz the maemonic opsration code for ke ovder, "ecimal Add

the centents of 4 to the contents of B and ssnd the resull to O, The subssquent
3 fields are the A, B, and C address fields of the order. The gymbols, or tags,
nEYZe, “ABCR, gnd YAESY are symbolic napes ssslgned to particular memory locatlons.
The rumeric identificaticn of thess moxory locmtions need not ba of concera to
the programmer. The additlon cperation is algebraic. Thus, if XYZ had conteined
a -1, the result would have been ithe algebraic gum of -1 and +92 or *21, even
though the operation code was MADLW,

Emmple 2 iilustrates a more elaborate computaticn (this does not
correspond to Mels Exempls 2),

Assuma thot we ave in the midst of calculabing an employes’s payrell,

end i% ig necessary to evaluste the following quantlby:
U4V -W=D ~E,
Where: U is Hormal Gross pay

V ip Overtinz pay

W is Federal Income Tax With=holding

D is PICA {Bocizl Szceriyy)

B is State With-Holding Tax
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Ve wish %o deliver the reavlt of this computation to & mewory location to
wirich we have assigned the symbol NEIPAY,

‘The following b H-000 orders will psrform this computation:

cOaidanD & = £
R 1] Y Thiie
8 TP W TP
ns TR D TEMP
0S8 TEMP I HETPAY

Note that in addition bo the gyrbols previovsly menbicned, a new gyrbol, THP,
hae been used., Follewing the first operation, ths memory lceation THIP ceutains
the oum of U and V. Following the 2nd operation, a DECIMAL SUBTRACT owdes,

the contents of THP have been diminighed by the contents of W, and pat back
into TEMP. The 3rd takes auay some mores the Lth operation does glso, bub
delivers the resull to NEIPAY, In ease anyone is interested, the location TENP
now containg the quantily U+ ¥V « W =« D (which would be your net pay outside of
Mpesachusetis). Howsver, this lceation is now free and may be used as a
tenporary storage locaticn for any other type of compulation that 1t is desired
to perform.

We sholl, Zor ihe time belng, omit discusslon of mulsiplication and
(p. 25)

division and procesd to Example 6.

DETERMINING THE IARGES OF 2 WUMBERS,

.

The H-800 ordesg Inelude h comparigen orderz. We shall congider
here the 2 crdors: W (Inesguality compazison, mmeric) snd IN (Less than o
egual compavisen, nunevic). This exemple illustrates the vze of the lesg-than
or egual numeric comparlizon:

COM 13AND e o) .
m HETPAY X Q

Where in memory lecaticon X uws bhave the mavber 0,
This oxder cperates sg follows:

The contents of A itche word at the location gpecified in the A
address field, mlgo demoled by (&) '} - in thils csse (HWETPAL) - areo compared
with (%), or in this case, sewo, If {3) is lees ithem or cgmal to (B), a jum,
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or gsguonce chaves will tale ploce. If (A) is greater then (B), the next ovder
will be taken in sequence. Thus, if we find ourselves execuiing the order at Q,
w9 Jomow Lhat the poor fellew has mmmaged to pile vp more payroll deducticns then
he 1s able to hemdle. Likewise, the N order will meke a Jump %o the lceation
gpeeiiied in the € address field if and only if the 2 quantities (1) and (B)

are not equel.

sobion 2.5, It i9 sppropriste to menticn here the speed of the H-800 fov
Comparison Purposes,

To put our nurbors on tho sams basis as those in Teble 1, we must
remeubar that the H-U00 is a 3-addvess mechine, and the machines tabulated eve
isaddress machines,

For ingtanca, the "magnetie core, scientific, binazy™ moachine of the
right-hond column is czpable of deing 410,000 single addvess orders per gecond.
This correrponds %o 16,667 3-address additions per second ap illustrated in Mels
ezample 1, The H-000 ia copable of deing LO,000 3-address additions per second,
(Our exemple 1);

SUMMARY OF SELECTED E-800 OPERATION GODES:

o A % c Decimal Add {(A) to (B); memi msv_'{.'t to G,
ns & B G Detinal Subtract ¥ ¢
32} A B ¢ Inequality Rumeric can.parim o.f.‘ (A) amd (B).
durp o G 1f Inequality condition is fowad,
14 :\ B ¢ Less than or equal comarison of (A) and (B).
X A - G Tranefar (A) %o C. (HOTE: B iz ignored im this ceder)
s A B i Trangfor (&) %o B and Jomp (wiconditionslly) te £,
e A n ¥ Move n words from memery locations siarbing ab A

to memovy lecations starting at C.

REALPLES -~ CHAPIER 2,

Ls L% ip desived to test the mubers at Zh, ¥B, snd XC., To the vegister dsnoted
by ZOOUNT we wmant %o deliver a count of the muder of zero ibtems. Assme
that we h;a ra stered the following constants:

ZFRO + 0
OnE 7
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The following ceding will accomplinh the desived resulis

IOCATION GOMMAND 2 B G AL TTON
BECTH T A - AT RN Initial soiwp.
hihs KA ZERD Q2 Ig the first on § If not,
DA ZO0oUNT  CNE Z000NT yas - add 1 'BD%M
G2 BN | ZERD Q3 Test 2nd nuviber
oA AGOWT  OHB ZOOUNT ;
Q3 B XC ZIH0 Ql Test Jrd nurbey
N4 ZO0mNT  ONE ZCouR
al. end.,

Wote that we have writhen the ovders in a forant similar to that of the H-800
ATGUS coding form, and that we bave in certain casss entersd o pyubol in the
lceotion fald. It ig not necespary to name o otherwise identify evesy owder,
60 we have ouly newed those ordsrs which we refer fo axplicitly Iin our jump
ingtructions, end the firat order of the coding.

RBrozmle 2.

Braluste the quantity Z: - ¥, where x ie stored at TFOD; y ab 151NS.
The »asult 18 b0 be delivered %o 3618,

One way to do this would be Lo muliiply = by 2, However, a much
fester vay in dhis ingdonse would be to add x to ibtseif, Thevefers, the
following 2 oxders wiil do the job:

D TR0D 730N Tme
IS TP 15108 3613 i
Again, we have used a rogister for intermediate storage of the gquantity 2%.

We can avoid tiis by vwaing this alternabive scheus:

1133 TE0D 770D 3818
05 3818 LHINS 3618
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Bramplie 3.

e hove stored in momory certain information welating to the time
it tekes to get from here to Fiovida on two different airlines, We wish to
program a solecticn of that airline which will geb uws there firgt. At location
TWA, we have the arvival time for the flvst airiine; in the following 3 registers
there 1z other informatlen such as flight number, ete. In b mawory locations,
the Lirsi of which is UNITED, we have siwmilar information for the other airline.
It is depived %o move these words for the selected girline to L memery locations
starting at FASTEST.

The follcwing coding will do ths job., Agmums that upon completion
of thig routine, an uuconditional jump to the owder at GEISEAT is to be mads,

2 THITED WA VEIRST

N TWA Iy FASTEST
T - - GITSTAT
[0S g UNITED b FASTEST
T8 - - CETSEAT

Note that the T cwder alicws us to move the L words with just ons order, (The
orden osn be nsed o nmove Zrom 1 to 63 worde at a tims),

Hose also the hyshens in the A sad B £lelds of the TS orxder, Since all we wish
b0 do is make & jump, we are not interegied in trensferring onve word., Therefore,
the byphen indicates that ths address is an ingclive eddress, end that we wish
20 processing to toko place on its account. Cevtain H-800 orders teke on
gpecinl gigniflconce when gome of their addrsegoes ave insetive; these exsuples
will be covered latews, This use of the 18 ovder is a particularly simple one.
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CHAPTER 3 - Huiber Systeas

The M«800 Includes sutomatic coded decimal evithmebie gperations.
It ean, howover, also operate inthe bimz;g,r nunber aystems snd can process
individual bits of a muchine word. It is therefore desivoble thet H-800
progeenmers becons familiaw with the Himdapentals of the binary systom.

Table 6, on Page L7, showe the Binmry Coded Doeimsl system thet is
actually uwed in fthe H-000, Our figare, Teble G-a, illustrates the complate
8at of lwbit coden knoun as hexadecimal notation. Hotlce that the first 10
antrles here ave identical with Table 6, The othor 6 enivies aesisn cenvenlent
{elthough somenhiat arbitrary) nowes to the other & pessible combinations of b

bits. UWhen it is desived %o specidy aribivazy binavy gusntivies, but do nov

went to hove to write owi the individuol U8 bite of a word, It is frequently
ecavenient to uvae theso hsx codes for the L hit grovplogs, In the H-800,
the programmer may use either hew or cetal (3-bit growpings) notatlens.

At this %ime, it ig appropriate that we discuss in somevbat move
detall tho composition of an H-B00 wond, Ap mentiomsd befors, an H-800 word
cen conpist of 11 decimal digits end o siga, 8 cliphsbetic charscters, or LB
bity of binavy data. We uee 2 code which vequires Ly bits per decimel position.
11 digits, thevefors, vequivs bl bits of the word, The remainming b bits ave
used to specify ihe sign of the word, If the mign position is 0 {211 L bits
are gero), the word is trested as a pegative quantity in avithmslic operations,

Otherwise, the word is treated ep positive, The remvlt of an avithmetic operation

wiil bave e sign ulich ig eifther 0 ov @ {all ones), I% appears as if this sign
rale is mora complexn then actually necessazy , beb the veason will becoms more
avidant later,

Figare 3+b ghows the binevy and hexndecimal represeniations of the
operands in owr old eummple 1, adding 1 %o 92,



TABLE Gez HEYADEGTMAT, NOTATION
8h2i
0000 0
0001 1
. 0010 2
/ 0011 3
0100 L
01631 5
93110 6
o7 o B ¢ 7
1000 g
71001 9
1010 B {i0)
(7 B I | C (11)
1360 D (12)
13103 B {13)
i 1 U O P (14)
14358 ¢ (15)
)
FICORE 3«b
(XEZ): 1101 COCG UCOC 000D COCO OCOG QOGO 0000 0000 0000 0000 0001
4 0 0 c 0 0 0 0 © 0 06 3T
(ABGYs 21313 0000 QGO0 0000 000D 0000 0000 0000 0000 0000 1001 0010
2 0 0 4] o@ 0 0 0 0 0o 9 2
The H-000, as menticned sbova, is cble to operate in either the binary or

the decimal syobem. Ths following example illupirates a binary addition exampld,
uging ihe operaticn BA (Binawy Add), and hex notaticn for binsry nuzbers,

B
theve: 00 000 000 oi@ (Binawy representation of
(ATPEL)e the nwber 31)
) (BEFA) = G000 0DOO 0GO 007 (Biuan§ representabion
- it 7
ihe regult will bo:
0O 000 000 D26 (Binazy mepressxtaticn

of 38 - wverify this)
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2o far. we have secon examples illustvating mwerice gnd binary
E=-800 words, It was neatloned sbove that a wowd can also be used to store
8 alphamumeric characters. This is done by uming 6-bit groupings within the
the word, each group or code representing one of the chavoeters im the word,

The folleowing code iz uzed:

TABLE 6~C
FIRST 2 BITH; 0o o1 10 11
Fext b bits

0001 1 i J /
0010 2 B K 8
coLL 3 G b 7
G100 k )] M 1]
0101 g B i v
0110 6 F 0 W
oLl 7 G P X
1000 a H 8 ¥
1001, 9 T R Vs

In additlon, other codes ave used for pimetuvation marks, ets. For instancae,
ihe cods for "gpacs® is 00 1101.
As an exmempls, considar the 8 lether wopd SUNSHIVE,
Yo ig represooied in the binany code as follows:
i1 0030 31 0100 10 0101 11 Q010 O1 1000 01 1001 10 0101 OL 0101
Hote that the ehove configuration of bite is also the representation of the
hmm&ech\ﬁord:

Dy 972 619 9%
Theva iz no disbinction mede inside the wmachine belysen eny of ihe variouns

types of words. OfF course, when a decimal add ovder vefemn to a particular word,
1% ggsumss that 1t is working with a decimal mwdber. Wben a word is to be primted

in 6 bit alphabetic fown, it iz trested no § GWbit chowacters. IF o mistake were



mada, nd a decimal mwber were used insiead, B chavacters would a6ill be
printed, and wonld probebly leok lile gibberish. It is important to realize,
therafore, that the distinetion between the various types of words is a
prograrmed distinction, sand that the programmer or systoms anslyst would have
control over tais, Thus, an item may compist of mixed alphabedie, numerie,

and binary coded inforration. An example would be a payroll record, where
alphabetic words would be used for name, numeric words for pay rate and hours
worked, and certuin coded informaiion stored in the individual bits of a control
word, {For example, one bit wight be 0 for male, znd 1 for female),
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CHAPTER b,
Me, Chapter L, is on decimal point positioning problems. It is
suggested that this chapler be read; we will noi, however, specifiecally cover

the problem in these notles.

The H~800 includes several operations of the btype commonly lmown as
dlopgical operations. These cperations are not arithmetic or simple transfer
orders, but rather cperate on the individual characters {or bits, if desired)
of ar H~B00 word.

The first of thesse ovders is the extwact order,
EX A B C

The affect of this order ig to generate a word based on the contents
of A snd B, and deliver this word to €. The rule for forming the result is to
meke svery bit sero emespt wheve volh (A) - (& notation for Yeombents of A7) and
(B) have bits which ave cne.

EXAMPLE 1= X BB EC ED

Where:

(BB) = 1111 0000 COCO  0QODCO 00CO 0COO 0000 0000 COGO COODL 0010 0101
200 000 000 125

(B¢) = 1311 1111 1111 1311 1331 1113 1331 1711 1113 21133 1111 0000

or: GGG GGG CGAC GGO

Then BD will be:
1311 0000 OGCO  COCO CCOO OGOO  0C0O 0000 0000 Q001 Q010 0000

or: + 00 0CO 000 720
The word at BO, in this case, is an extracior contrel word that allows avery-
thing to get through cxeept the low ordar choracter., lots the spplication of this
to rourding a numbor,
(AE) = + 00 000 000 005
Then the follewing orders will vound the word at QRT, discarding the low order
diglt - assume that (QRT) is alumeys positive.

B QRT AR TEMP
EX TR e RESUTY



(Chapter L coniinned)

The two comparison ordsrg, WX and IN have alveady besn covered,
The H=-800 has 2 additional comparisons, WA (compare for ineguality
alphsbetic) and LA {less than or sgual compars, ulphebetic). The term alphebetic
is someuhat of a misnomer here, for, while thess are the crders to be used when
testing elphabetic data, it is more zppropriate to describe them as word comparisons.
The NA order will reguli in a Jump if any of the 48 bite of the 2 operands are
dlfferent. Hote that, if this order is used, it is possible to distinguish between
«0 and *0, The LA order ccnsiders the 2 operands as hf bit binary numbers., If (4)
is less ithan or equal to (B), in this sense, the jump will teke place.

Hote the following cxample:
EXAMPLE 23

(pmh) - -00 000 000 00k
(m8) ¢ -00 000 000 008 J

Tho comparigon IN MINL MING LESS
will fail (not juwp) since -h is numerically prester than ~8., However, if we

rencmber that the & bit sign for a minvs sign is 0000, and exanine the two
words, we see thati the comparison

1A MOWh MIN8 LESS
will suceeed. sines GO0 000 000 O0L is smelier than 000 000 000 008 (hexadecimal
vepresentation of the 2 binavy nurbers). ?gggg.gg; it is generally a safe practice
to uge glphabetic compavisons vnless it is known that signed numeric guantities are
involved,

EXAMPLE 3:
It ie desired o jump o JEKL if the low order character of the word at
CROAN is Z. The word at CROAN is =n alphsbevic word.
(TESTLOA) : 00D OO0 000 03¢ {nezx)
Hote that this word hae cnes in the low ovder 6 bits, and Ols olsswhere.

(10Z) : GO 00 00 0% (alphabetic)s zeros oxcept for the last chsrecter
HE GROAN  TESTLOS TR — o Vb Rl
HFERE HA TEF 07 HEREAZ -t S0 =g “HE
78 - 4 - JXI,



{Chepter L continued) %, (5

The subsiituie order ( 88 | B C ) is more complicated, in thad it
will deliver o C a word that mey depend upon the previcus conbents of C.
The algorithm for this order can be stated as follows: .
Wherevor thera ig a 1-bit in (B) veplace that bit position of C by the
conienta of the corresponding bit position of A.
Wherever there is a 0 bit in (B), do not disturb the bit of C,

-

EXAMPLE he S5 ASDFG KT, CEE

(ASDEG) : (000 O0Q0 0000 Q000 0000 COGO G000 1311 1113 2111 1131 131l
HIKL)  + 0000 0000 CO0D 0000 Q000 11ir 1111 0000 C0CO 0000 1111 111l

beiore:
(CEE) : Q00D G000 1313 0QDDO 0000 0000 3141 0000 0000 1111 0000 131l

after:

(CER) 00CO 0000 1111 0000 0000 0000 0000 0000 0000 1113 1111 1111

(R

Hote that the contents of C ave protectad (i.e. left alone) where (B) has zero
bite, while in the exivact order, the write inte C is destructive; l.e. those
bit pogitions arc not protecied,

) be

: Tuo wore orders will/briefly mentloned:

Swperimpose (B4 A B € ).

Gonerate a word that consists of one-bils wherever either (A) or (B) or both
nas & 1 bit; whera both (A} and (B) have sero bits, the genmsrated word has a
zero bils., Deliver this word o O,

Half-add (HA A B € ).

Generata a word that haa one-bitein those positions where the bit of (i) differs
from thoe bit of (B)3 zeros whewre {8) is the gams as (B), Deliver thie word %o C.

One spplication of this order, which is also known as Add withoud )
Cazry. or symustric difference, is to change every bit of a word (this is mowmm o o0
ag comlementine the wovd), Thie esn be done by helf-adding the word to a word )
of gll ones., The verification of this is left as an ewercise to the readerd /

Hote that all the asbove crders except S8 ars commubative with regard
to A and B,



7 (-

CHAPTER 5 SHIFT ORDEHS:

The E-B00 hag one type of shifi order; shifh one word right and
around the end, There ave b varisnts of this order. By end~-around shift is
meant the following:

Congidey the following word -~
012 3h5 678 9EC
If we shift this word right, end avound by b bit positions, we get:

coL 234 567 898
If we shift the original word wight, end around, hl bit positions, we get:

4

123 LB6 7689 BGO B i 5¢ B AC

Hote that this iz idsnbical to what wo would get if we wera able to shift the
word left Ly bits.

In genmeval, the information that comes avound the end is of no great
value to the programmsr. In order o allew him to discard it easily, the shift
orders imcorpovate "magk conlvol”. A mask sddreus is specifled ag part of the
ghift order. The cperation of the order ia first to perform the indicated
shifting, and then tc deliver ths sghifted word %o C uadsr mask comtrol. This may
be of 2 varieties; protective masking, or extracting masking.

The other veriants on the shift order are accounted for by the fact
that it is possible o emclude ihe slgn position of the word from shifting, if
desived.

Tue L operation codes pre:

S5 Ehife Word and Svbstitvte into C

SPS Shift. Presevving sign, and Substitube
SWE Shift Word, Extract to C

Pl Shift Pregerving sign, Extracting to C

The format of ths corder as written by the programmer is:

Sz, U A =n G
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o
g =3
ﬁ ¢ P!

4 {Ghapter 5 continued)

] M is a gymbol that reifers to a magk. It is get off from the operation
code by a comma, bub written in the command field. This is one instance of the
symbolic language varying slightly from the machine siructure of the word, for the
masgle information iz actually partially specified in the B field of the machine
word. 0 indicates the nurber of bits of shifting that is desived. It may takes
on Va'a;sr value between zoro and I8, inclusive. If proferrved, it may be wridten as
A, J# (for alphebetic chavacters) or D, & (for dscimal nusbers). In this case, 2 is
the nurber of 6-bit chavacter positions, znd s the number of L-bit chavacters to be
shifted. The following 3 orders axe identical in their cperation and in their
machine form:

SHE,G0H X 12 : 4
SWE.GGH X 4,2 Y
SWE,GBH X D.3 T

EXAIPLE 13

) Evaluate 0.1 ST - 5Y8; deliver the result to ST

SPE, X SYA D1 TEP
DS TEMP STB  SWN

Where the SHIFT MASK, XA is:
5,% (0¢ GGG Coe QoG

Note that this maslk hes a Fhole® in the position where the digit we threw
away in the chift comes up in the word as shified end around,

EXANPLE 2:

Evaluvate 10 S¥B - SY0; deliver zesuld to S¥P
SPE,XB S¥B D10 TEMP
ng TEMP SIC  SEP

o dpd

8,8 QUG G0 GOG GRO - ifiat b Gl =
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Note that the numeric ghift shifis Lk bits of the word, leaving the

bits in the sign position undisturbed, Thus, a shift of 10 numeric places
right brings everything around one digit position to the left of where it
wag originally.

The other 2 instructions, chlft wovd, operate in the same fashion except thatb
they treat all 48 bit positions of the word sliks.

EXAMPLE 3.
At HUM is the word 000 Odlﬂz dBdhdS déd?dB‘ It iz demived to convert this

word to its alphsnumeric squivalent for printing and deliver the result to
ALPHA,

EX IUH 10tk ALPHA dy
SWS,. M. WUM Lé| - ALPHA ds
SWH, M2 WU U ALFHA
SWS,#3 UM ha ALPHA
SWS, My HUM Lo ALPHA
SWS,ME WUH 38 ALPHA
S80S, M5 UM 36 ALPEA
SWS , M7 HUM 3L ALPEA

Whave

10Wl 2000 000 000 00G “
S,M1 :000 000 000 3D0
8,M2 :000 000 Q0G 000
S,M3 :000 Q00 3DO 000
S,Ml =000 003 000 00O
5,M5 :000 3D0 000 00O
S.M6 :00G 00O €00 000
S.M7 :3D0 000 OGO 000
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CHAFPTER 6, INDIRECT ADRESSING THIHRIQUES

Thus far we have seen the use of simple symbolic addvesses to refer
to specific Pixed HSM locations. We have been able to handle simple examples,
but we would noi be able to add wp 100 nurkers without writing dowm 100 add
orders, which rapldly leads to writer's cramp, and becomes impractical if the
quota ig 1500 nunbers instead of 100. Actually, thie process is one that is
quite essily adapied tofcempuiation, by means of 2 loon.

Consider the follewing sbatract statenent of tie job:

1. Set i to zero.

2. Set SIGMA to zero,

3. SIMA + Z\Ii into SIGMA

L. i+l into "1,

5, If i iz less than or egual to 99, go back to 3.
Clearly, this procedure will suffice %o add up the 100 mumbers EDO = N99=
All thet remains is to indicails how we can actuslly do this
on the H-800. '

The block diagram of the H-000 with Chapter 1 indicated that the
memory included both HSM and soms V“Speclal Regisbters". I% is these gpecial
regigters which cun be vsed for indirect addressing, in addition to being used
for certain control functions. (For instance, the secuence counter is sctually
nothing more than one of the specizl registers). These gpecial registers msy be
addressed directly, just ag HSM memory locations. In addition, they may be used
for indirect addressing; meaning that the actual HSM location invelved is
specified by the contents of the designated special register. It is useful to
define a special type of constant for this use; this is the SPEC constant. Only

the 4 field of this is used; in it is written the symbolic address desired to be
used. '

. To refer to a special register explicitly, the code "2%, is uveed,
while the code "N", is used to perforn indirect addresping. The comma is followed

by the designation of the special register, which may either ve absolute numeric or
literal,



There are 32 special registers that ars easily accessible at any one tims;
they congtivute a group., At present, we shall not consider mors than one

group.
We shall use the "general purpose® special registers RO - BT (16 - 2L).
EXAMPLYE 1, The 2 oxders:

TX  ADGOW -~ 2,RO i

DA N,R0  TAX  DEDNS N
Where 5
ADCON: SPEC FICA

Have the saune eifsct as the single order:

DA FICA X DEDNS

EXAMPLE 2, We will now take a crack at adding up the 100 nurbers that sre
gtored in consecubive msmory locations starting with the location whose

gymbolic address is W,

STEPL %X ° K “ CRENTR e

STEP2 T 1L - STGMA .

STEP3 WA BASEAD CRUNTR Z,R0 ik \
DA SICMA  M,RO SIGMA

STEPL WA CETR K2 CHTR

STEPS LA CHTR K3 STEP3

Whera:

X1 DEC 0O

K2 DEC €00 000 (00 601

K3 OCT 0000 G0OO 0000 C1h3 (binazy 99)

BASEAD SPEC N 4 | 1= BASE

S A e
Hote the use of the Word Add order on the unsigned guantities involvaed in the
contrel compubtations.

This example can be improved upon; the location CHIR can be abolished by
directly incrsmenting the coantenis of RO,
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STEPL. TX BASEAD - Z,R0
STEP2 X K - SIGMA
STEP3 DA SIGMA W,RO  SICMAE
STEP WA Z,RO K2 %,R0
STEPS LA Z,R0 ENDAD  STEP3
Wheie
ENDAD SPEC N459

and we have gotten »id of K3,

We can still further improve on this example by taking advantuge of another

feature of special registers. This is the automatic incrementing feature,

As a special register is used, it is possible to increment it for subsequent use.
The size of the incremsnt msy be between zern and 31. Thus far, we have used

zero increments, and have not nesded to specify them, If an incremsnt ie desired,
it is written, with a 20d comma, following the special register address. Thus,
N,R0,1 in an address fisld specifies indirect addressing with RO, incrementing it
by 1. It is important to remsmber that the effective address (that is, the contents
of the spscial register) is not incremented for the current reference. Instead,

the incrementation takes place immsdiately afier the use of the original contents of
the special register.

Thus, the 2 orders

TX  BASEAD -  Z,R0
EX  ¥,R0,29 R

#ill use the word at N as an operand in the extract order, aad not the word at N<¢29,
However, RO now containg:

SPEC  H+29

We can gpply this prinecinle to dur example, end eliminate STEPL,

STEPL TX PASEAD . 2,80
STEP2 TX K1 - SIGHA
STEP3L DA STCMA ¥,R0,1  SIoMy

STEPT ) 7,R0 EIDAD STEP3l
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It would be equally satisfactory to increment RO in the reference STEPS,

The one esse whers incremsating never takes place is when & word is delivered
o a speclal register., For instancs,

TX WIGOLE - 280,22
puts the contents of

WIGGLE ~ SPEC  GROSSPAY

and not GROSSPAY + 22 in KO. This gpplies only to divect addressing of special
reggisters, of courss.
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There is alsc available in the H-0800 ancther variety of
indivect addressing. The 32 special registers in one group include 8
registers known as index registerg (demoted by X0 - X7 or decinal
sddresses 8 - 15). These registers may, if desired, be used as indirect
addressing rogisters (ex. N,X2,1).

veT'e

They may also be used in a somewvhat differsnt fashion, Gensider
that the index vegister is capsble of storing an address. It is possible,
in indexed addressing, to refer to the word at the address specified, or to
the word at the address resulting from the addition of the address in the

index register to an gugmsnter sltored in the order.

Indexed addressing is donoted, in ARGUS langusge, by writing the
nuwber of the index repisher, followed by a comma., The comma may be followed
by the sugmentor,

Exampless

H

Uiias)

2

g

The cperation of the augmsnter is different from the operation
of incrementsrs in gpecial vegisier addressing. In the first place, the
augmenter is used in caleulating the eifective address. Also, the sugnenter

does not nifect the contents of the iadex regiatem-rkz; ﬂ‘&*’vgm@ﬂ‘-“?‘-"
ey de @28 large s LER,
We cen illuatrate the use of index registers by considering the

example on page 8 of these noles. Assume that it is desived To indicate to
the routine at GEISEAT which aiviine we have solected, and that the routine
at OETSEAT is going o add the Lih word of the item for the selected item to
a word celied COST.

Then wse couvld do thig:

(A UNITED THR UFIRST
78 ATWA 7,%2 CETSEAT
UFIRST s AVHIT Z,X2  GETSEAT
ATHA SPIEn WA
_ AUNIT SPIZ  UNITED
QETSEAT DA COST 2,3 COST

Hote that, in order to put 2 word into zn index register, we must address
it by special register address, bub Lo use it for indexed addressing, we
uge the 2, type notation. Nois also that if we want to refer to the Lth word
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of the item, we mist use an sugmenter of 3, since it is the 3rd word
following the flrst word of the item.

SR AR T

Unlike indirect addressing by special registers (N, type), indexed
addragsing may be used in any H-800 order. It is frequently a useful
programming technique to use an index register for indexed addressing
in part of a voutine, and for special repister indivect addressing
elgevhera in the roubine., Note the following scheme for proeessing 10
word Items, where 1t is desired to go to NEWBATCH aiter every 12 items
have been processed. The processing refers to the 2pd, Lth and Sth word
of the items. The 12 items are storad in consecutive memory locations
sterting with BASFAD,

BEATN X KL - Z,X3
PROCESS % 9,4
% 3.k
x 353
L4 X2 7,%3,10  NEWRATCH
Ts - = PHOCESS
HWheres
X1 SPYHG BASEAD
K2 SPID BASEAD + 110

Hote that, when we get to NEJPATCH, the number in X3 has overshot, since the
incrementation by 10 takes place regavdless of the output of the comparison.
Hote also thal caveful analiysis is required in choosing a combination of
conparigon orders and comparigen constants for termination of the loop.

In this case, the {ollowing analysis spplies:

The lagt item starts at BASEAD + 110, Therefors, when we have finished
processing ity X3 will still conbain its address., The use of the IA
comparison will fail as leng ss BASEAD + 110 (K2) is grezter than the
base addrees of the item just processed. When it succeeds, we will
break cut of the loop.

Note an alternative solution for the lasht 2 orders:
M4 K2 2,%3,10  PROCESS
TS - w WEFRATCH
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ADDENDA, REVISIONS and RESTATEMNTS to an incomplete copy of the H=800
Introductory Lecture Notes. dJune 2, 1959

‘ Fas s f
Fuleiply

DM éﬁ& ﬁﬁfg

High order produch w0l & {and in acc,) (5] &\Jﬁau&i DED

10 product in LOP 0255 pr c
o 4TS T
o get iti wirsrmrrmerly ey 30, |
f"/” (] T il
ﬁ e T e= 3 NACTI\VE
: T/ 6
Shift Orders: Example 6
SWS, maslk A W C
Magk Index Register: MASKBASE &l 0 i
SWS, 20 1200 12 1438
£ 3-7- 1 4

Ixs
INDEXED (WSTRUCT/OMNS
Exatpie 17 (Bank 1)

Contents of: i1 SPEC, Bl 0163
i2 SPEC, Bl 0951
%3 SPEC, BL 1033

BN 1, 0 2, 5 5 b 3
or
s
Multiplies {183) (951 + 5)
- (956) (1033 = ll)
= (10hk)

Contents of Xi, X2, X3 do NOT change,
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COMPARTSONS

- Humeric comparisons should not be used on SPEC constants., The sign bit
in these constants has gpacial aignificence only in the cirvcuitry of the
spacial registers., It does nob consvitute & numeric sign. A1l words from
speeial reglsters will be trealed as negative, since zeros are always present
in the high order L bits.

3-5 -2
5/C bit is the HIGH ORDER bit of tho word. Elank or § for gequence

C for cosequence

The example on page 3 = 5 « It (Figure 2) is WRONG. The instruction at
locatlon 190 will pick up the next order from GSC regardless of how the
comparison comes oub. Thus, the order at 583 (?) might be executed instead
of 191 if A = B,

\IRANSFER 5. 4b- 2

—

=
Transfer contente of A address to location specified by C-sddresn;
ignore B, i _

Teansfer c_on'béﬁta ef & address to location apccifi&d by---@add:gaaq

The & address portion will replace the gentents of the sequencing cotnber
anless the Eaddvess is left hlmu{gg,fi_n' which case the seguencing counter
will net be changed,

Select Instruction 2 7 e
88L, Magk 4 L €
Tha masls st be of the form

0000 —mememem ~-(EXX XXX ZEAE
-~ \j
~ .r"!_ _-j

High order 37 Lo order 11 bits =
bits must = Gy desired mask
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(3)
Special Registers: F, 20 = /
L | ]
A Ly
810H b bit 11 bit
{1 bit) Bank Indicator subaddress
y 3
Ay Vg

15 bit complete
addresa.

Exsmple of coding indicabing ARCUS Haskgroup process,

MASKGRP, 1
Loc, Command A B C
Fy HALF DEC GAGAGE000000
F, GBS DEC 000000000006
8. 3 noMm DEC GO00GGGCAGEE
S, 3 NUML DEC GOGACGEAG000
8; SIX DEC 0C000000003C
%, MIR MASKBASE, 1 ‘
WA, GEE X Y Z
SS5%, SIX Q 0

The MASKBASE constan® takes care of both base addresses for ths MIR.
The MASES are automatically located in sunitsble memory spaces by virtue
of the "F," or WS,%, and the use of the mask tag in the commend field
quarantees that the propsr subaddress will be provided,

2 it - ’a’ ] -
Histozy Reglisters: s & 5

We have a subroutine starting at ¥ which is entered from several places in
the program, The bisequence mode cannot be used in this case,

To get to the subroutine:
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(L)

. m (=) (= ¥ Gontaing Sequence History SPRC X + 1
¥ ™ %, SH = Temp

==  Process

T}[ 'fﬁmp ] Zs SG
or
TS TP 2, AUz N, AUA

Mask Index Register: 3-/4- ;7
L] o T e
SIGN Banlz i
Indicator ) I} L1}
SHIF? FIRLD

MASK BASE MASK BASE

High Order High Ordep
L bits S bits
of an address of an addraesa

This constant can be agpecified as follows:
MASKBASE X . 1

X dis the base address of type S magks,
Y g the base addvass of type ¥ masks,
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Use of Specisl Hegisters:
DIRECT ADCRESSING
Z; I‘.?g &a

™ may be decimal O£ rr £31
or literal (SC, X3, etc.)

A may be decimal Q& 80 =3
oy omitted,

2, r dis sufficient,

Special reglster addresses are to be considered as followa:

ONE of 256 Special Registers,

256 = 8 x 32
8 groups; which one is determined by the Identification number of your

Sequénce Countar,
32 ppacial registers in & geoupe

INDIRECT AIDRESSTNG: 310/
Like direct, tu® N, »r, A8

The effective address is the full address (including bank indicstor) which iz
stored in the designoled special register,

Examples:
{(G0) = SPEC, BO 1000
(@GL) = sSPsc, BO 1500
(1000)= +00 111 222 333

(1500)= +00 113 111 111
DA N, GO Ny G1 1200
pute in 1200 <00 222 333 Ll




N TNDEXED ALDRESSING:

(3
{1

a=f

is Ty rummnous
sewwe = WAy bes
(=) numeric (0 e £:255)
blank &1 O
(b) gymbolic = defined elsewhers by EQUALS.

Example:
CGROSSPAY EQUALS 100
DA 3, ROSSPAY
iz & DA 3,100
B
WF’W!%‘L (e) ®,° *x Al
RBASTEN Zs é ;
INDERED

) IX is a speclal register address.

(tumeric O X% < 31)
or literal. P
At 4p an incremsnit: 04 &3,

Index register muet contain & suitable constant.
Ezarple A
Our program is in Group 1.
(xh) = SPEC, G2 o
order: TK ly, N, 8C, 0 =w= Q

Transfers the mert order sbout to be executed under sequence counber control
in program 2 %o locatiocn Qo

Example B
(xh) =  SPEC, a2 W, SO
order: % iz e

same effech,
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The method of the Ifirst example is preferabls, since it allows easy
reference to any register in group 2, and the addressing scheme is more
gtraightforward, However, since the effective address is computed, as
for HSKM indexed operations, by adding the couplebe address from the
index register and the 8 bit augmenter from the order word, either method
is acceptable, . '

Note that Ly N, SC, 0 is translated as follows:

Designator bit -l (becansge spacial register)
Indexed bib =] (because indexed)

1 designation = 100 tIR L)

Aagmenter = 00100010

This sugnenter ie identical to the low order 8 bits of zn address we would
get if we wrote N, SC s

0
Nobte also the resson that & £ 3 |

This is because the 8 bits available in the order word correspond to the
special register addrass (5 bits)
direci=indirect bit (1 bit)
inerementer (2 bita)

Thus the awgmenter can only contribute to the 2 lowest bit pogitions of
the incremenber portion of the effective addrass,

Defined, or SIMULATOR instructions,
Forii: 8, XXX A B G

LLXL should previously have been defined by the Assembly Control eodas
SIMULATE, It refers to an addrasgs which must end in oectal 7.

n is an index vegister,

wewe  ILE an sugmenter (gymbolic or rumeric)

It nmst end in octal To
The effective addreszs need not end in ectal 7,
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ACTION:

1, The order itself is stored in the effective address of operation field,
2, The CSC is set teo this address + 1.

3¢ 'The Address A is stored in AUA (Special register 0).

This address may be an effective address as a result of indexing,
Lb. The effective C address iz stored in AUGC, (special register 1)
5. The GSC ie used to select the next order.

AUA and AUC can be used iumediately for indirect addressing of 2 locations
cf importance to the simmlator routine,

TYPOGRAPHICAL ERRORS:
P 3=l=15 Example 19
Shift order should be a 3 bit shifi,.
P 3ale3 Exarple 2
The product is wrong, and should be shifted right 1 digit.
P 3<1=2 Figure 1,
The order should be I¥, not BM

P 21232
The add order should be Bi, not DA,
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SECTION 3 - hb

I, OBVERAT. TRANSI'ER THSTRUCTIONS
A, One Word Tronsfers
The H-B00 has iwo one-word transfer instructions:
(1) Transfer & %o C, Ignore B (TX 4 B C)

(2)

This one-word transfer instruction causes the contenta of the A
addrese to be transferved to the location gpecified by the C eddress.
The B address of the TX instruction is ignored and may be ussd to
gtore data.

Transfer A to B, go t0 C (TS A B C) _

This one-word transier causes the contents of the A address to be
translarved to the leocation specified by the B address., The C addrsss
pertion of the TS instruction will replace the conteants of the sequenci
counters:, wnless the C address is 1eft blank in which case the
sequencing counter will not be changed.

(The A and B sddresses can be left blank and the ¢ address used to
change the sequencing counter,)

#Thie means the sequencing counter gpecified for the next order.
Thuz, T8 C & B Q w21l cavse the cosSequence counter to bs set to Q,
and the next order execnted will be that at Q.

B, Iliiple Word, Transfor Instructions

(2)

(2)

(3

(L)

Transfer N words (TH 4 B C)

This instruction causes the number of words gpecifisd by the B
addrege to be transferred from successive memory locations starting
with the locatlon specified by the A address to successive locations

gtarting with the one specified by the € addvess. The number of words
transfarred moy be any nunber from 0 to 63.

Item Transfer (IT A B C) ¢

Thiy ingtruction firsgt substitutes the end of item symbol for the
High Order 32 Bbits of B, protecting the Low-Order 16 bits of B,
Sscandly this instruction transfers from congecutive memory
locations starting with A to consecubtive locations starting with C
until an end of item symbol has been transferred. The end of item
symbel which texminates the operation need not bs the one placed

in B by the instrucition, No address used in this instructinn should
be special register direct.

Record Trangfer (RT A4 B C)

This instruction is used' to traunsfer an entive record within the memory
The instruction is identicel to the Field Transfer instruction, except
that an end of record wierd is written at B instead of an end of item
gymbol and an end of wecord word terminates the tramsfer. WNo address
used in thig instreoetion shonld be speeial register direct,

Trangfer A o C W times (M A B C)

This causes the contente of the A address to be trensferred to the
location specified by the C sddress, This operatice will be repeated
as mary bimes ag specified by the contenis in the B address. which
must be less than &,

The & end C addresges of the ingtruction ars not modified during
oxecutlon of the order, however, if gpecial registers szec specified,
their contente may be increnented after each transfew,
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LECTURE NOTES

Introduction to Electronic Data Processing

COMPANY HISTORY

Datamatic was originally formed as a corporation in April 1955 through
the joint efforts of Minneapolis-Honeywell Regulator Company and Raytheon
Manufacturing Company. Its nucleus was a group of scientists and engineers
who had been active in electronic computer research and development since the
pioneering days of World War II. Prominent members of this staff were key
personnel in the work done at the Harvard Computation Laboratory, at the

Aberdeen Proving Grounds, and at other such early developmental areas.

In addition to this personnel, Datamatic enjoys a well-trained and ex-
perienced staff which was developed at Raytheon over many years. The staff
designed and built the RAYDAC, a giant scientific computer currently in use by
the Department of the Navy, and performed basic research and design projects

for various governmental agencies.

Next came the DATAmatic 1000 which begins its career as RAYCOM, the
business data processing counterpart of RAYDAC. Initial work, including draw-
ing up specifications and logical design, was begun in 1952. The next few years
were spent in the development and construction of the machine with special em-

phasis on the requirements of todays business applications.
In June 1957, Honeywell acquired Raytheon's interest in the separate corpora-

tion and Datamatic subsequently became a division of Minneapolis-Honeywell

Regulator Company.
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were to be performed, and the disposal of the result. Control of the sequence
of computing processes was to be carried out through a set of punched cards.

These plans, over 100 years old, are amazingly modern in concept.

Babbage died in 1871, Although the analytical engine had been designed in
great detail on paper and Babbage had spent a considerable sum of money on it,
only a small portion of the machine had been constructed. After his death, part
of the mill was built by his son, H. P. Babbage and may now be seen in the

Science Museum at South Kensington,

THE PUNCHED CARD

In 1886, the census of the people of the United States, which had been taken
in the year 1880, was still being sorted and counted. Among the men then study-
ing census problems was a statistician and inventor, Dr. Herman Hollerith, the
chief of the Census' tabulation section., He saw that existing methods were so
slow that the next census (1890) would not be finished before the following census
(1900) would have to be begun. Adapting the principle of the punched-paper control
system, similar to that used by Babbage, he applied the method to the accumula-
tion of statistical data, This was a most important stride in mechanical compu-~
tation, for it introduced into a working system the concept of mechanically stored
information. He employed this idea for many calculations or tabulations without
the necessity for re-entering the data from a keyboard. He experimented with
sorting the counting, using punched holes in cards, and with electrical devices to
detect the holes and count them. The Hollerith equipment was one of the ancestors
of familiar punch-card machines. He devised a coding system which bears his name,

the Hollerith code.

A short time thereafter, another member of the Census Bureau staff,
James Powers developed another type of mechanical tabulator which also used

punched cards. Initially the holes in the card used by both Powers and Hollerith
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were round but in subsequent years the holes in the Hollerith card were made
rectangular in shape. Both types of equipment were used by the Census Bureau

for many years and, in fact, are still in use,

Punched cards were used later in machines built for accounting and statis-
tical purposes. The idea of an automatic calculating device in connection with
punched-card machines led to the development of the first large automatic digital
computer, the Mark I, It was built for the U. S. Navy in 1944 by the Computation
Laboratory at Harvard University. Although not a punched-card machine its in-
put and output mechanisms are controlled by punched~cards. This machine uses
mechanical counters driven through electro-magnetic clutches controlled by
relay circuits. In principle and in its function, it is somewhat similar to Babbage's
conception of the Analytical Engine. Although in construction, in its free use of
electrical components, it is very different from the engine; in principle, in what it
does, it is rather similar, Other machines, developed later, use relays not only
for control but for the storage and arithmetical units of the machine themselves.
The first computer to make use of electronic circuits, with the speed of operation
of which they are capable, was the ENIAC, installed at the Aberdeen Proving

Grounds in 1948, It was one thousand times as fast as the Mark 1.

ORGANIZATION OF DATA PROCESSING SYSTEMS

Data Processing is the inevitable paper work involved in all phases of
general business procedures. The basic elements which comprise record-keeping

systems may be classified into several functions.

1, Reading and recording of source data
2. Input; introduction and extraction of data from the system

3. Processing data which includes sorting, classifying, computing and

summarizing
4, Filing
5. Output
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The four significant stages of advancement from the manual routines,
through key-driven machine operation, to the punched card method and finally
to electronic data-processing systems are illustrated in Figure 1. A purely
manual system of data-processing would presumably use pencil and paper for
transcribing and computing and a conventional file cabinet for filing. Manual
methods are not only slow and costly, but are subject to errors especially if

the work is routine or if the work load is heavy.

The second stage is one of mechanization where typewriters, desk calcula-
tors, accounting and bookkeeping machines are now standard office equipment.
The unit cost of these devices is relatively low considering the accuracy and
speed available over manual methods. The advent of the punched paper tape in-
troduced compatibility to a wide range of equipment. Many of the standard office
machines can now be used in combination with each other through the common-

language medium of the punched paper tape.

In the next stage, punched card machines were introduced wherein the
punched card often serves as the source document and as a data storage and
communication medium. These methods are rapid, accurate and relatively low-
cost for the volume of work which they are capable of producing. Limitations,
which have been overcome by electronic data processing, are evident in the
punched card system. For example, the scope of operation performed is limited
so that exceptions must be handled manually. Furthermore, the record or item

size is restricted to the number of columns punched on a single card.

In the electronic data-pz"‘"bcessing system, many of the basic functions of
record-keeping are accomplished at electronic speeds. Source data may be
transcribed onto paper tape, magnetic tape or punched cards for conversion
into binary code, a language which can be understood by the central processor.
The use of magnetic tape as a storage medium for files permits the storage of
tremendous volumes of data in a small space, with rapid access to the informa-
tion in the files. Manipulation of data within the central processing unit, such
as sorting, classification, computation, etc., is performed automatically as

directed by a series of instructions called a program. The output from the
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central processor is written upon magnetic tape and may be transcribed to

paper tape, punched cards, or fed into high-speed printers. In addition to the
high degree of effectiveness in inventory and production control and sales analysis,
more timely information for effective management control is attained through the
increased speeds of which electronic computers are capable. Furthermore, the
electronic processor introduces a major increase in reliability and freedom from

error,
PRESENT DAY DATA PROCESSING ME THODS

The standard punch card in use today consists of two main areas, the upper
zone section and the lower numerical section (see Figure 2), This latter portion
is subdivided into ten horizontal rows, one for each digit, zero through nine. The
zone section is subdivided into three horizontal rows, the upper row being called
the R or l2-zone, the second row the X or ll-zone and the 0-zone which is the zero

row in the numerical section.

The card is composed of 80 vertical columns in which holes may be punched
to represent all the digits (0-9), the alphabetic characters (A-Z) and several
special symbols. The letters and symbols are characterized by a punch in each
of the numerical and zone sections. These punch configurations are known as the

Hollerith code.

8-0123456789 ABCDEFGH I JKLMNOPORSTUVWXYZ $.8 "%
] suponenme

[ BnnanunEn i i
poooooooopBooeoooooocooooooocoooooo0ocoo0oooo o HEBINANoooeeooooeMocecolooanooono
R R R R N R IR R T T T i
II!21?122112.211222!!2221!111.!12!!I!ll!212!!2.!112!1!!2!!!2!!1!2!!2!!!2!2!l!!l!
3333333333333f333393333333333l9r33333al333333303333323323333330B0033233233322331333
ddddaddaansadfBaaaaaiaanasaqafeaaaaaaaladssaasBaansdaadadanssasas4BBBs4444449
55555555555556550M5955955555555555055555555/555555505555555555555555555555555558555
0666666666666666H6666666066666666066666666H66666066HcG666066600666666660666666068
IR AR RS R RNl SRR R SRR Ry AR AR R Rl EA R AN R AR R RERRRRSREIRAE|
sosopsoocosncecsoclocconsosnasascoodeacccocodsooccooBososscoocAEANcoBBANese0nsns

99[99999099[99099999999999995959999999¢9

9939
Haas lnwi--nnnulnhl-ﬂcuu--nu-nn RNMBATI ARG

1

Figure 2. Punched Card Showing Card Codes
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In order for the data processing machine to operate upon the data contained
in the punched card, the code on the card must be translated into a code which is
recognized by the machine. The punch configurations which occupy 12 levels or
channels on a Hollerith card may be reduced to six levels for use with the machine.
Since 64 different configurations of punches or no punches are possible in a six
level code, there is an ample representation for all digits, letters and special

symbols.

Instead of a punch or no punch on a card, an electronic principle may be
employed wherein a transistor may be either conducting or not, or a magnetic
core may be magnetized in one state or another. Through the use of six transis-
tors or six magnetic cores, any one digit, character or special symbol may easily
be represented. After a brief explanation of the evolution of numbering systems,
the manner in which the binary numbering system is applicable to electronic com-

puters through the use of transistors or magnetic cores will be shown.
NUMBERING SYSTEMS

The evolution of numbering systems from their primordial origin to their
present phase of development has been marked by several important discoveries.
Chief among these is the concept of positional notation. Although the principle is
a familiar one, the title may not be so well-known. For example, the number four
hundred forty nine might be expressed in several ways. It could be written as
449 or 400 + 40 + 9 or 4 (100) + 4 (10) + 9 (1). It should be noted that in reading the
decimal number from right to left, that the decimal multipliers are 1, 10, 100, etc.
(successive powers of 10). Since 100 is equal to 10 x 10, it can be represented as
102. Similarly, 1000 equals 10 x 10 x 10 or 103° In general, the product of n tens
can be expressed as 10", In particular, 10 can be written 1(]‘1 and 1 as 100. This
is called the power notation. Therefore using the power notation, 449 can be

1 0
written as 4x102+4x10 x 9x 10,
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Positional notation is a name given to indicate that a digit in one location
of a multi-digit number carries more or less weight than all other digits of the
number., For example, the two 4's of the number 449 are unequal because of
their position in the number. The leftmost 4 is said to occupy the most signi-
ficant location. It represents the quantity 400 or, more generally expressed,
4 x 102.. This 4 occupies the hundreds digit position. The next 4 occupies the
tens digit position and, because of its position, depicts the quantity 4 x 101. The

9, in the units digit position, occupies the least significant location and represents

; 0 ; Bk :
the quantity 9 x 10 . This method of numbering is, of course, the decimal system.

In this system, only ten states are used in any one column (from 0 to 9). Any
attempt to add one to the maximum quantity (9) in any one column results in a re=-
turn to zero in that column and a carry of one to be added to the next higher column.
The decimal system is said to have a base of 10 or a radix of 10. It should be
noted that the highest quantity that can be represented by a single digit is the radix
minus one (10 - 1 = 9)., However, the base used in 2 numbering system need not
be limited to a radix of 10. The numbering system which is widely employed in
the digital computation field is called the binary system. Here the base is 2, im=~
plying that the highest value which can be used in any position is one. The binary
system is particularly suited for use with digital computers since a controllable
electrical signal can be varied readily between two states (on or off, plus or minus,
etc.) Either of these two conditions may be defined as the "one' state, and the other

as the ""zero' state.

Arithmetic in the binary system is much simpler than in the decimal system,
a factor‘* of considerable importance in connection with the logical design of a
computer, The significance of a binary digit or ''bit'" (contraction of binary digit)
in a number depends upon positional notation, For example, 11001 in the binary
number system converts to (1l x 24) + (1 x 23) + (0 x 2.2) + (0 x Zl) + (1 x ZD} or to
25 in the decimal system. It should be noted that in reading the binary number
11001 from right to left that the decimal multipliers (or weights) are 1, 2, 4,8,
16, etc. (successive powers of 2). The first seventeen numbers from 0 to 16 in
the decimal notation correspond with the numbers in binary notation as shown in

Table 1.



Table 1.

Decimal-to-Binary Conversion

DECIMAL BINARY DECIMAL BINARY

0 0 8 1000
1 1 9 1001
2 10 10 1010
3 11 11 1011
4 100 12 1100
5 101 13 1101
6 110 14 1110
7 111 15 1111

16 10000

A modification of the pure binary system, known as the binary-coded
decimal system, makes it possible to easily convert numerical decimal infor-
mation into a kind of binary equivalent (4-bit code) which the machine recog-
nizes, Conversely, numerical information expressed in the binary-coded
decimal notation can be easily and quickly converted into the convenient equiva-

lent decimal form for easy reading.,

Table 2 shows the result of conversion from the decimal numbers 0 through
9 to the 4-bit code. Thus, the decimal number 95 is 1001 010l in the binary-
coded system, Similarly, the binary-coded decimal number 0011 0000 0110

0010 is 3062 in the decimal system.

Table 2. The Four-Bit Binary Code
DECIMAL BINARY DECIMAL BINARY
0 0000 5 0101
0001 6 0110
2 0010 0 0111
3 0011 8 1000
4 0100 2 1001

1-1-10




To adapt the code on punched cards to a form acceptable to the electronic

computer, an interpreter or translator unit is incorporated. Basically, this
operation translates from one language to another, For example, the translator
unit accepts punched holes in a card and converts this information to electrical
impulses for machine use. The illustration, Figure 3, depicts a method of trans-
forming the numeral five from the language of the punched card to that of the
binary system through the use of four transistor flip-flop circuits. Two axioms
must be considered in the explanation: (l) a single pulse alters the state of the
transistor, i.e., conducting or not conducting; (2) a conducting transistor will
generate a pulse when cut off. Five pulses corresponding to the numeral five on
the punched card are fed sequentially to the least significant or rightmost flip-
flop. The first pulse causes transistor No. 1 to conduct as shown in b of the dia-
gram, This transistor is then cut off by the application of the second pulse but in
the process generates its own signal which energizes flip-flop No. 2. By the same
line of reasoning, it can be seen that after the fifth pulse, transistors No. 3 and

No. 1 are conducting and represent the digit 5 in the binary-coded system.,

In addition to the transistor storage method, metallic magnetic cores
are also used to provide a memory device which is reliable, simple and com-
pact. A core can be magnetized in either of two states. Thus, current passing
through a core in one direction magnetizes the core in the "1" state while in

the opposite direction, the current magnetizes the core in the "0" state.

TRANSISTOR F LIP-FLOPS

b O CJ CJ mm oo
c DO OO e C0 A+

d O O E

e O e ] C1

f O EE ] .

Figure 3. Electronic Counter Configurations
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Figure 4. Magnetic Drum

HIGH-SPEED MEMORY DEVICES

The next consideration in the design of an ideal large-scale computer is
the necessity for a simple reliable form of high-speed storage, with a large
capacity. Historically, several forms of storage have been used. For example,
they are acoustic delay lines, in which data are stored in the form of trains of
sound waves, insulating screens in which they are stored in the form of a static
charge distribution and magnetic material in the form of wire, tape or the surface
of a drum, on which data are stored in the form of variations in the magnetic
state of the material., Acoustic delay lines and electrostatic storage have fallen

into disuse for engineering reasons.

Magnetic drums have been the most popular of the magnetic devices (see
Figure 4). Information is stored on these drums by magnetizing certain areas
on their surfaces. As the drum is rotated, reading heads pick up the patterns
of dots and blank spaces and electronic circuits decode these patterns. Since the
drum must rotate to the spot where the desired information is located, a rela-

tively long period of time is consumed.

Ferrite magnetic cores constitute one of the best ways to store information.
A memory composed of these cores has no moving parts and permits reaching any
item of information directly. These cores are tiny doughnut-shaped rings arranged
in crisscross patterns in matrix form as shown in Figure 5. A network of ferrite

magnetic cores is strung on screens of wire, two wires passing through the hollow
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Figure 5. Magnetic Core Array

center of the core perpendicular to each other. When current is passed through
a pair of wires, it magnetizes the core at the point where they cross, but at no
other point. Information is called out of memory by rever sing the process and
reading the stored data by means of a third wire running diagonally to the others.
The cores are extremely stable, and can last indefinitely. Their small size
permits a large storage capacity to be housed in relatively little space. Most im-
portant of all is the speed at which data can be extracted, as short as a millionth
of a second which makes this one of the fastest storage devices. The specific
group of cores used to store information is referred to as a location and is desig-

nated by a number or symbol. Such a designation is called an address.
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TAPE STORAGE

For storage of more than a few million characters only magnetic tapes are
feasible at the present time., Tapes have been successfully developed which, on a
standard-length reel, can store over 20,000,000 decimal digits. The speed of a
tape is really measured in digits per second, rather than in inches per second, and
consequently the tape speed can be increased by either moving it faster or by re-

cording more digits per linear inch.

BASIC COMPUTER

Figure 6 is a block diagram showing the basic components of an electronic
computer, These are features of all computers, whether general-purpose or
special-purpose. The principle component is the memory, which can be of the
magnetic drum, or magnetic core type. The arithmetic or logical unit can per-
form addition and subtraction, multiplication and division, comparison, transfer,
and combinations of these functions. As indicated by the arrows, data can be
transferred from the arithmetic unit to memory and back as many times as is
necessary. Amnother important device is the Control Unit which is used to set
the computer in motion and to check on its performance. Input and output

sections constitute the remainder of a basic system.

CONTROL
UNIT
B
N
! 1
¥ y
INPUT OUTPUT
MEMORY
DEVICES DEVICES
ARITHMETIC
UNIT

Figure ¢, Basic Computer Components
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INPUT SECTION

The input devices in the basic computer are capable of reading data from
punched cards or punched paper tape. A code box or interpreter translates this
data from the language of the punched card to that of the binary code and the in-
formation is contained in buffer storage prior to being placed on magnetic tape in

off-line operation or it is transferred to the Central Processor in on-line operation,

(see Figure 7).
CENTRAL PROCESSING

To illustrate the basic features of a stored program in an elementary fashion

consider a simple problem. Refer to Figure 8. Briefly the statement of the pro-

001 @

201 [RD 00Ol 207 0QQO 206 211 7486
[]
202 | AD 207 214 211 207 234 2l2 MEMORY
203 | RC 002 211 000 208 213 UNIT
204 209 214 | 512
205 210 215
RD OOl 207 000 584 201 +| =202
CONTROL REGISTER + 5|2 = COUNTING DEVICE
7486

ARITHMETIC UNIT
Figure 8. Processing with a Basic Computer
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blem is to add the next number on magnetic tape reel number 001 to the number
stored in location or address 214 in the high-speed memory and to record the re-
sult on the next available space on tape reel number 002, Assume that the three in-
structions necessary to complete this sequence have been recorded on magnetic tape
and transferred to memory locations 201, 202, and 203. A counting device which
designates the location of the next instruction to be processed has been set so that
the first instruction will be taken from memory location 201 and placed in the
control register. This instruction (Rd 001 207 000) states: read the next number
from tape 001 and store it in memory location 207. Meanwhile the counting device
has been automatically incremented by one so that the next operation will be taken
from location 202. The instruction in 202 (AD 207 214 211) is interpreted to read:
add the contents of location 207 to the contents of 214 and store the result in memory
register 211, The counter, having been again incremented by one, now directs the
next instruction to be placed in the control register. RC 002 211 000 requires that

the contents of 211 be written on the next available space on tape reel 002.
OUTPUT SECTION

Once the result of central processing has been determined, it may be either
recorded on magnetic tape and filed for future reference or it méy be directly
transcribed into printed form or punched cards may be generated. The Output

Section block diagram (see Figure 9) illustrates that the data from magnetic

M AGNETIC TAPE

|

——=PUNCH

DO

B —F ) L I i
CENTRAL { ——e —_— = }
PROCESSOR L )_—' et s

CODE BOX
BUFFER PRINTER OR
PUNCH STORAGE

——=PRINTER

Figure 9. Output Section, Block Diagram
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tape or from memory is temporarily stored in the output buffer device in the
form of the binary code. The code box translates this information into electri-

cal impulses which will drive specific equipment to print or punch the data.

In addition to the arithmetic operations involving payroll calculations,
utility billing, mortgage payments, calculation of dividends, etc., the computer
is capable of performing many other functions required by today's business pro-
cedures. It can make comparisons between numbers or other characters and to
take the action called for by the result. Furthermore, it directs the processing
operations within itself and controls the flow of input and output information. The
electronic computer is ideally suited to perform one of the most cumbersome tasks
in everyday business proceedings, that of file maintenance. Sorting, merging and
production of updated files can be accomplished at phenomenal speeds with incre-
dible accuracy. Summarization of production and control statistics, total ex-
penses for accounting records and daily or weekly sales information present no
problem to automatic data-processing methods. Competitive conditions necessi-
tate the rapid consolidation of operating information to provide management with
the tools of planning and control upon which to base its decision for future opera-

tional policies,

INTRODUCTION TO THE HONEYWELL 800

The Honeywell 800 is a high~capacity electronic data-processing system
designed specifically for application to the increasingly complex problems and
procedures demanded by today's modern business., It is composed of fully inte-
grated business machines, employing high-speed computer principles designed
to expedite all phases of record-keeping and accounting. The system incorporates
significant new systems techniques as well as sex;feral basically new component
developments dictated by a thorough understanding of the needs of its users. One
of the primary features of the Honeywell 800 is its ability to process up to eight

completely independent programs simultaneously. In addition, any reasonable
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number of peripheral devices such as tape units, card readers, punches,
printers, etc., may be in simultaneous operation. Data can be fed from each
tape unit to the processing section and back to tape at a transfer rate of 96, 000
decimal digits per second. In addition, the operational speed of the processing
section maintains full compatibility with this high speed of information transfer.
Two of the most cumbersome aspects of most business problems are sorting
and file maintenance. The Honeywell 800 is equipped with an extensive and
flexible set of instructions, designed specifically to excel in the performance of
these functions and many others. Automatic programming aids, including a
library of utility programs, is supplied with each system. Library routines for
fundamental scientific problem solving, and for automatic generation of sorting
and merging routines according to parameters supplied by the programmer are

also available.

In the Honeywell 800, reliability is a foremost consideration throughout
every aspect of design and engineering. The design of the electronic circuitry
is highly conservative. The circuitry is entirely constructed of solid state
devices such as transistors, magnetic cores, semi-conductor diodes, etc.,
with the high reliability inherent in such devices. In addition, an extensive
checking system is incorporated which will immediately sense any failure in data
storage, data transmission, or control. All units of the system are constructed
of easily replaced standard packages to facilitate maintenance. A system of
marginal testing includes circuitry and a special program which may be run
periodically to locate any package which should be replaced because of marginal
performance. With proper use of this facility, most potential machine mal-

functions will be corrected before they occur.

The Honeywell 800 system may be conceived functionally as comprising
three main sections, the Input, Central Processor, and the Output sections. The
requirements of the user will determine the componenents that are necessary for
his particular installation. A typical Honeywell 800 System Layout appears in

Figure 10,
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INPUT SECTION

One of the units of the Input Section, the High-Speed Card Reader, reads
standard 80-column punched cards at the rate of 900 fully punched cards per
minute. In its operation, the cards are loaded in quantities of over 3, 500 at a
time and are then automatically fed sequentially through two reading stations.

If these readings are not identical, three options are available to the programmer:
(1) the card may be sent to the reject hopper without the data being transferred;
(2) the card may be ejected, the error noted and the data transferred; or (3) the
card may be accepted with the error noted and the data transferred. The opera-
tor controls the settings of panel switches which direct the course of action that

the machine is to follow in each of these situations.

The function of the Card Reader Control is to convert source data from
punched-card code into Honeywell code and temporarily store the contents of
the card prior to processing or recording on magnetic tape. The card of informa-

tion is stored as ten 54-bit words (48 information and 6 parity).

The Magnetic Tape Unit is the device through which the Central Processor
communicates with its magnetic tape. The volume of transactions and the com-
plexity of operations govern the number of Magnetic Tape Units to be used in
a Honeywell 800 system. As many as 64 of these units with a capacity of millions
of digits can be actively engaged in a single system. The four principal functions
performed by this device are as follows:

l. Records data on magnetic tape from off-line peripheral equipment.

2. Reads data from magnetic tape to off-line peripheral equipment.

3. Transfers data to the Central Processor.

4. Records data from the Central Processor.

A single Magnetic Tape Unit is capable of reading or recording as many as
96,000 decimal digits or 64, 000 alphanumeric characters per second (peak read-
write rate). Magnetic tape moves under the reading-recording head at 120 inches

per second and can be scanned while the tape is moving in either direction.

1-1-20



The operation of a tape unit may be an off-line as well as an on-line process,

That is, it operates independently of or simultaneously with the data-processing

functions.

CENTRAL PROCESSOR

The Central Processor is the heart of the Honeywell 800 system. It contains
the electronic elements and circuitry for carrying out, at high speeds, all arith-

metic and logical operations. In the execution of a typical data-processing task,

the Central Processor performs several functions.

1. Reads the step-by-step instructions from a Program tape and stores
them in the High-Speed Memory component.

2. Obeying these instructions, the Central Processor automatically reads
data from other magnetic tapes or from peripheral devices and stores
this data in memory.

3. In accordance with the instructions, the data is manipulated and the
results are retained in memory.

4, These results may then be read onto magnetic tape for storage purposes,
transcribed to printed copy, or converted to punched cards or punched
paper tape.

5. With Parallel-Processing, the functions listed above relative to eight

independent programs may be in simultaneous operation.

The Central Processor includes the Arithmetic and Control Units, the

High-Speed Memory, Traffic Control, Multi-program control, and the Console.

Information flows from buffers located in the control units of the input
devices or tape unit. Under control of the stored program, the data enters the
High-Speed Memory, is processed and proceeds serially through buffers located

in the control units of the output device or tape unit. These buffers permit a
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steady flow of information to and from memory and enable the memory to read
from eight tapes and write on another eight simultaneously. The fast and reliable
High-Speed Memory consists of tiny, doughnut-shaped magnetic cores having a

capacity of from 4, 096 to 16, 384 Honeywell words.

The design of the Central Processor and the provision of special instructions
are specifically aimed at the attainment of high speeds for sorting, merging, and

file-maintenance procedures. Some examples of the speed achieved are:

l. Sorting=--up to 500,000 decimal digits per second
2. Merging--up to 500, 000 decimal digits per second
3, File Maintenance--up to 660,000 decimal digits per second

The sequence of performance of the stored instructions for up to eight
programs in parallel is directed by the Multi-Program Control. Arithmetic
calculations are carried out by the Arithmetic Unit. The high speeds attained by

this unit are exemplified as follows:

1. Addition or subtraction--30, 000 average (separate operations) per
second

2. Multiplication--4, 500 (average) per second

The supervision and master control of the system is exercised through the
Central Console. Although the Central Processor is automatic in its operation,
there may be occasions when manual intervention is desirable. The operator of
the Console, therefore, has available a special automatic typewriter which is
used for the manual insertion of data or instructions to the Central Processor

and for the interrogation of storage areas within the machine.

OUTPUT SECTION

Components of the Output Section, printers, card punches, etc., accept
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information recorded on magnetic tape or transmitted from the High-Speed Memory
and generate suitable electrical signals to permit the printing or punching of this
information by specific equipment. Because of the diversified nature of business
applications, both standard-speed and high-speed units are available for each

type of output. An installation may contain either or both of these units depending
upon its particular need. The operation of these units may be on-line or may be
entirely independent of the main machine. Each output device accomplishes the
conversion of information from machine language into the form suitable for

generating punched cards, printed copy, or punched paper tape.

The Printer Control reduces data stored on magnetic tape or transmitted
from memory to a form acceptable to a standard 150-line-per-minute tabulator
or a 600/900-line-per-minute printer. Information is transferred a word at a
time to the peripheral buffer. The data is then decoded and stored in Print
Storage in quantities of 15 data words. Each group of 15 words becomes the basis
of one line of printed output. A code box translates the machine language into
printer code for actuating the print hammers. The line length for either printer
is 120 characters (10 to the inch) and line spacing is six to the inch. A total of
56 characters: 26 letters, 10 digits and 20 special symbols are available. A
speed of 600 or 900 lines per minute, selected by a switch, is attained by the

high-speed printer.

Either of two Card Punches may be used with the Card Punch Control.
Data from magnetic tape or from memory is transferred a word at a time to the
peripheral buffer in the Control Unit. Ten words, representing a fully punched
card, are temporarily stored in the buffer and become the basis of one 80-
column punched card. The data is then translated into the card code. An output
rate of 6,000 cards per hour per punch is achieved by the standard-speed punch

and 15, 000 cards per hour by the high-speed punch.
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HONEYWELL TAPE

Magnetic tape is used in the Honeywell 800 as the primary storage medium
since it makes possible large volume capacity with considerable space economy.
Information is recorded on 3/4 inch Mylar-base magnetic tape in nine longitudinal
channels (see Figure 11). Eight information bits and one checking or parity bit
are recorded across the width of the tape and constitute one frame. Six frames,

containing 48 information bits (and 6 parity bits), constitute a Honeywell 800

word.

Maximum capacity of each reel of tape is approximately 20, 000, 000 decimal
digits or 1,666,666 words. The information transfer rate is 96, 000 decimal digits

per second, per magnetic tape unit.

Each group of words written or read as a result of a single instruction is
called a record. These records may vary in length up to 2 maximum of 400 words.

Successive records are separated by an inter-record gap.

Writing occurs with the tape moving in a forward direction. Reading may
be done with the tape moving either forward or backward. This read-in-reverse
feature eliminates wasteful rewinding time that would otherwise be necessary in

operations such as sorting, searching and file maintenance.

In addition, the user has the option of using a fast-rewind feature included

FRAMES

I
INFORMATION BITS N . 2
l

| | | 1
GHECKING BIT ¢ | |

6 FRAMES ( | WORD)

Figure 11. Honeywell 800 Tape
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in the magnetic tape units, or removing wound tapes and rewinding them off-line.

All Honeywell 800 magnetic tape units are compatible with all other
Honeywell 800 units and the high degree of switching flexibility available mini-

mizes tape handling and the number of magnetic tape units required by a given

application.

THE HEXADECIMAL NUMBERING SYSTEM

Table 2 illustrated that only ten of the possible sixteen 4-bit configurations
were required to represent the ten decimal digits (0 through 9). For the purpose
of compacting information and in order to realize the full inherent possibilities of
the Honeywell 800, it is desirable at times to make use of a number system which
utilizes all sixteen 4-bit configurations. The hexadecimal numbering system
employs 16 distinct symbols for representing numerical information. The partic-
ular symbols employed in this method and their decimal and binary equivalents are
shown in Table 3. The significance of any one of these hexadecimal symbols in
a number depends upon its particular position in the number. For example, the
hexadecimal number 2 @ @ is represented as 0010 1010 1111 in the binary-
coded hexadecimal system or, in the decimal system, as (2 x 162) + (10 x 16]')

+ (15 x 160) or 687. Once again, reading from right to left, the decimal multi-~

Table 3. Hexadecimal Numbers

Decimal|Hexadecimal | Binary ||Decimal| Hexadecimal| Binary
0 0 0000 8 8 1000
1 1 0001 9 9 1001
2 2 0010 10 | @ or (® [1010
3 3 0011 11 | @ or© 1011
4 4 0100 12 (@ or® 1100
5 5 0101 13 @ or@® 1101
6 6 0110 14 ([ @Dor@® 1110
7 7 0111 15 | or@ 1111
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pliers are successive powers of a number: 1, 16, 256, etc. As can be seen
from the preceding table, the hexadecimal number 2 @ is equivalent to
2 @ . Whenever their use clearly indicates that hexadecimal symbols

are meant, they will, in the future, be written as 2 B G.
THE OCTAL NUMBERING SYSTEM

Another system of numbering which is of interest to users of electronic
equipment is based upon a radix of 8. This "octal' notation is directly analo-
gous to the position notation concept previously described, having eight digits
(from 0 to 7) and requiring that the digit in each position be multiplied by the
appropriate power of eight, For example, the number 3742g can be converted
to a decimal quantity as follows:

3% 83 +7x82+4x8l+2x80=1536+448 + 32 + 2 = 2018,

The usefulness of octal notation stems from the fact that it is a convenient
shorthand method for writing pure binary quantities. Any pure binary number
may be written in octal by combining bits in groups of three, working from the
indicator point in either direction or both if necessary, and writing the octal
value of each three-bit group. The binary number 1001100101, for example, is

converted to octal as follows:

1 001 100 101 or 1145g
EEE
11 4 5

Note that an octal number can be converted easily into binary form by merely

writing the binary equivalent of each octal digit.

The following method is suggested for the conversion of integral decimal
numbers into either octal or binary. Divide the decimal integer by the radix of
the desired notation (8 or 2). The remainder of this division is the low-order

digit of the desired result. The quotient is again divided by the same radix to
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obtain the next digit. This process is repeated until the quotient is zero. As an
example of this method, the decimal number 979 is represented in binary and

octal as follows:

quotient remainder quotient remainder
979 + 2 = 489 1 979 + 8§ =122 3
489 + 2 = 244 1 122+ 8= 15 2
244 + 2 =122 0 15+ 8= 1 7
122+ 2= 61 0 1+8= 0 1
61 + 2= 30 1
30+ 2= 15 0
15+2= 17 1
7T+2= 3 1
3+ 2= 1 1
1+2= 0 1

Thus, the number 979, is equivalent to 1111010011, and 1723g. This

conversion can be quickly checked by writing out the binary equivalent of each

octal digit.

THE SIX-BIT CODE

A computer designed for business data processing must be able to manipu-
late conveniently the type of information contained in records, reports, tables,
etc. This information often involves an intermixing of letters, numbers, and
other alphabetic symbols arranged in some meaningful fashion. For the process-
ing of alphanumeric data, it is desirable to have a binary code in which the same
number of bits is used for each of the alphanumeric characters. A 5-bit code
permits 32 distinct groups of binary zeros and ones, Since the Honeywell 800

recognizes\'SB individual characters (10 digits, 26 letters and 22 symbols), a
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6=bit code which permits up to 64 distinct character representations has been
chosen as shown in Table 4. To obtain the 6-bit code for any character, write
the two digits in the heading of the column containing the desired character

followed by the four digits in the row containing the desired character.

Table 4, The Six-Bit Binary Code

00| 011011

0 |space|l - uré%td 0000
1 A J / {0001
2 B K s |(oo1lo
3 c L T|0011
4 D M| U|0100
5 E N vViol1o01
6 F o] wlo1l110
7 G P X|0111
8 H Q Y |[1000
9 I R zZ|1001
! cr, = : 11010
3 +4F $ H 1011
@ o * %|(1100
& ( # Y2 11101
- bl aetalia10
o W &l

THE HONEYWELL WORD

The fundamental parcel of information which the Honeywell 800 can manipu-
late is called the Honeywell word. The five basic types of words are numeric,
alphanumeric, binary, instruction, and floating point, each of which has a pre-
scribed bit structure. Each word is composed of a collection of 54 binary zeros
and ones (48 information and 6 parity). Since the parity bits are treated auto-
matically and do not directly concern the programmer, only the 48 information

bits will be considered. These bits are numbered 1 through 48 when read from

right to left.
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In a numeric word, (see Figure 12) the 48 bits are grouped into twelve
4-bit sets of numeric digits. The leftmost digit (bits 45-48) may be used to repre-
sent a legitimate numeric value or may contain a code which represents the sign

of the word: 1 1 1 1 equals plus (+) and 0 0 0 0 equals minus (=).

Bit Position|48-c-eemcen- ) ] e — 25 | Zdws=me e 38 [ Pt miisisase 1

Digit sign

Position or |11th|10th |9th | 8th | 7th | 6th | 5th | 4th | 3rd | 2nd | 1lst
12th

Figure 12. Honeywell Numeric Word

The alphanumeric word is composed of eight 6-bit characters (see Figure

13). The 64 configurations possible with the 6-bit code were listed in Table 4.

Bit Position |48--43|42--37|36--31|30--25| 24--19| 18-=13| 12---7 f===1

Character

o 8th Tth 6th 5th 4th 3rd 2nd 1st
Position

Figure 13. Honeywe.l Alphanumeric Word
For the purpose of compacting information, it may be advantageous to use
a mixed word form in which both 4-bit and 6~bit characters appear. For example,
in an inventory control application, stock numbers may be comprised of letters
and decimal digits with a typical stock number given as DADA123456. The four
letters occupy 24 bit positions and the six decimal digits, 24 bit positions. Thus,

the total of 48 bits constitutes a Honeywell word.

Each frame of eight binary information digits contains a ninth bit called
the parity bit. If the sum of the '"ones'" in a frame is even, a one is placed in the
parity channel. If the sum of the one bits is odd, a zero is used. Thus, each
frame (including the parity channel bit) consists of an odd number of one bits.
The machine performs a check on the reading, recording and transfer of all data

to insure that each frame has an odd total number of ones including information

and check positions.
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ORTHOTRONIC CONTROL

» Orthotronic Control is a method of replacing a defective word which has
become garbled or lost on tape. Two Orthotronic words are appended to each
record on tape and are generated in the following manner. For a specific
channel, groups of six bits in successive odd words are summed without carry
(Half Add) for the entire record. The resultant six-bit sum is appended to the
specific channel. The remaining seven information channels are treated in a
gsimilar fashion, The result comprises one of the two Orthotronic words. The
successive even words of the entire record are similarly treated and a second
Orthotronic word is generated.

When a par’(tyﬂerror is detected, the machine locates the erroneous channel
by Half Adding all words in the record and comparing the results with the Ortho-
words. The frames containing errors are determined by the parity bits. Thus,
through Orthotronic Control the location of the incorrect bits is completely
specified in a cross-sectional manner by frame and channel. The erroneous

bits are then corrected.
MAGNETIC-CORE MEMORY

A magnetic-core memory is the basic storage unit for both data and instruc-
tions., It is available in modules of 4, 096 wor ds, up to a2 maximum of four
modules, Each word of core storage is individually addressable. Parallel
transmission is employed in sending words to and from storage. Memory-access
time is six microseconds. High-speed, random-access drum storage is available

as optional equipment.

INSTRUCTIONS

Instruction words used in the Honeywell 800 have the same structure as data

words (see Figure 14). The 48 information bits in each instruction are divided
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Bit Position|48-———=- M} £ Y X P 13[12mmmmmmmmman1

Instruction | Operation Address Address Address
Word Code A B C

Figure 14. Honeywell Instruction Word

logically into four sections of 12 bits each, For most operations, these sections
are interpreted as an operation code followed by three addresses. The operation
code designates the type of work to be performed by the machine. For example,
an instruction such as DA/600/601/602 signifies that the contents of memory
location 600 are to be added decimally (binary addition is also possible) to the
contents of memory location 601 and the result is to be placed in memory location
602. The 12 binary digits of the Honeywell 800 Operation Code are used to desig-
nate whether the instruction is peripheral, masked, standard, floating-point

option, etc.

INDEXING

To facilitate programming, memory locations may be addressed in either
absolute or indexable form. The first of the 12 hits in each address specifies
whether the address is to be used as stated (absolute form), or whether it is
to be augmented (indexable form). If the address is in absolute form, it means
that the remaining 11 bits are used to denote the address of a specific memory
location. If the address is in indexable form, the next three bits will be used to
select one of eight index registers assigned to the particular program. (A total
of eight index registers is included in each special register group.) The contents
of the specified index register are then added to the remaining eight bits of the

address group and the sum is used to denote the desired memory location.
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PROGRAMMING

Up to eight programs may be active at the same time and each is a com-
pletely independent entity. Therefore, the logic and programming facilities may
be explained as if only one program were being processed. All programs proceed
in an automatic fashion and the programmer need not be concerned with the num-=-
ber or size of the other programs, nor with the necessity of designating priorities

among the several programs,

Each program is controlled by an independent sequence counter and may

have any reasonable number of input and output trunks available.
SEQUENCING

As data is processed within the Honeywell 800 System, instructions are
carried out in the order specified by a sequence counter. The sequence counter
designates the address of the next instruction to be performed. Normally, it is
incremented by unity each time an instruction is performed. Certain instructions,
however, can be used to set the sequence counter to a predetermined value per-
mitting a departure from the basic sequence. To provide a means of returning to
the proper point in the program, a history register is used to record the setting

of the sequence counter at the point of departure.

To provide still greater flexibility, there is a co-sequence counter associated
with each sequence counter., The selection of successive instructions to be per=
formed may be controlled by either the sequence counter or the co-sequence
counter at the option of the programmer. This is called operation in the bi-sequence

mode. A history register is also provided for the co-sequence counter.
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INTER-PROGRAM CONTROL

In some applications, notably those which require searching on tape, it may
be advantageous to allow one program to control another. An example of this
might be a file maintenance program for a low-activity application where a
multiple~tape search technique is employed. In such a case, a program operating
under control of one sequence counter may insert a starting value into another
sequence counter and cause it to become active. Thus, a second program may be
started with the same technique a human operator would employ at the console. A
program may not only start another, but it may also monitor its progress and
stop it, if necessary. Any simultaneous peripheral operation may also be moni-

tored by a program to determine when it has been completed.

SIMULATOR INSTRUCTIONS

The complement of instructions in the Honeywell 800 has been designed to
facilitate all normal data processing operations of both a business and scientific
nature., For those exceptional situations where standard orders are not sufficient,
the prograrnmer aas the unique facility of incorporating special-purpose instruc-

tions called simulator instructions.

A simulator instruction, though not a built-in instruction, is used by the
programmer as if it were. The system responds to it by calling in a subroutine.
There is no practical limit to the number of simulator instructions (and their associ-
ated subroutines) that may be included in the Honeywell 800, provided sufficient
memory spac'e is available. Thus, any set of orders may be incorporated in the
system. This feature provides the ability to simulate any special-purpose order

structure which the programmer may envision.

j=j-33



MASKING

In many instances it may be desirable for the programmer to compare
portions of words, to perform arithmetic operations on fields of less than word
length, or to select data from within a word for transfer to other processing
operations. This is accomplished in the Honeywell 800 by highly versatile mask-
ing abilities. The use of mask words permits the internal processing instructions
to isolate any portion of an information word and ignore the remainder. By
inserting a number into a special register, called a mask index register, the
programmer may designate any group of 96 memory locations as storage positions
for masks used with his program. In each masked order, the programmer speci-
fies which one of these is to apply for that operation. The mask index register
contents may be changed by the programmer at any point in his program. Thus,

an essentially unlimited number of locations for storing masks is at his disposal.,
FLOATING-POINT ARITHMETIC

The floating-point arithmetic logic which may be added to the system
greatly enhances the computing capabilities of the Honeywell 800. Although this
type of arithmetic is not normally required in business data processing applications,
it is extremely useful in scientific areas. Furthermore, the 40-bit mantissa pro-
vides about 50% more precision than that available in most computers designed
specifically for scientific purposes. Inefficient and costly multi-precision

programming may, therefore, be avoided in many cases,
SORTING AND FILE MAINTENANCE
Because of its magnetic tape speeds, Honeywell's DATAmatic 1000 was one

of the first electronic data processing systems to make electronic sorting econom-

ical.
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The Honeywell 800 is capable of sorting even faster. In minimal form and
using the most common method of sorting, Honeywell 800 sorts more economically

than any other system.

The same specifications that give the Honeywell 800 its sorting abilities

provide advantages in file maintenance operations.

A typical file maintenance process involves matching a number of transactions
against corresponding main file records, processing them, and writing both the
updated records and the inactive records on a new magnetic tape. The updated
record, or some part of it, is normally written on an output tape for subsequent
printing. The number of transactions in a given run is nearly always small in
relation to the total number of records. Consequently most time is spent bypassing

inactive records, and high tape speeds provide an obvious advantage.

With large files the tape-speed advantage can be multiplied by a factor from
two to eight, This is done by adding tape controls and magnetic tape units so that
searching is speeded up. A second tape control, for example, will generally cut

file maintenance time in half,

In summary, then,the Honeywell 800 provides management with a complete
and unified system which is capable of performing economically (in terms of both
time and cost) all the business processing activities which previously required

both an electronic computer and associated tabulating equipment.

PROCESSING WITH THE HONEYWELL 800

The flow of data in the Honeywell 800 system is given in Figure 15. Under
control of a single instruction contained in the control unit, a complete record of
up to 400 words may be read from Tape 1 and temporarily stored in any con-

venient group of memory locations. The Tape Control contains a two-word input
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\\ / /| TaPE canTRoL
2-WORD \\ 2-WORD 7/
INPUT BUFFER i outeuT BuFFER /),

GONTROL
# (2 STAGES)

l
—] \ PROGRAM |
1\ INSTRUGTIONS

HIGH SPEED
MEMORY

p—

ol [ 5

N

ARITHMETIC  UNIT

Figure 15. Central Processor Run
buffer and a two-word output buffer, It is important to note that this unit has the
ability to accept one word of information from tape while transferring another
word to the core memory for processing. An optimum rate of information flow
between the Central Processor and tape units or any of the terminal equipments
is insured by Traffic Control. When the proper traffic control signal has been
generated, the Central Processor will accept a word from the input buffer or deliver
a word to the output buffer. Each location or address in memory can store 48
information bits or one Honeywell word. The illustration indicates that a computa-
tion has been performed in the arithmetic unit, the result returned to memory

and subsequently written on Tape 8.

Figures 16 and 17 illustrate the flow of data during an input conversion run
and a printing run. All information is transferred to or from a terminal device
and the Central Processor via a peripheral buffer. This buffer is a one-word
storage unit and is an integral part of each control unit. Within these control
units the information is decoded and checked. Figure 18 is a composite illustra-
tion of the three previously indicated programs all operating simultaneously. In
order to control the transfer of data, each peripheral device is assigned a stage of
traffic conircl and the Tape Control is assigned two stages of traffic control, one

for input and one for output.
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GARD MAGNETIC MAGNE TIC PRINTER

Pl TAPE UNIT TAPE UNIT
1=moRe GCARD READER 2-WoRD out-| | | vape 2*WORD IN=
BUFFER CONTROL PUT BUFFER PUT BUFFER

PRINTER

GONTROL
TRAFFIG
CONTROL TRAFFIC
/ (2-STAGES] fg';";:gém
1 |
N 7/ ki Mol Y/
e —1
PROGRAM 3
PROGRAM 2
INSTRUGTIONS
INSTRUCTIONS
HIGH SPEED
MEMODRY
‘ SEQUENCE CTR 2 SEQUENGE GTR. 3
Figure 16, Input Conversion Run Figure 17. Printing Run

Each instruction, in turn, for each program is selected from the high-speed
memory location whose address is contained in the sequencing counter related to
that program. Unity is automatically added to the contents of the sequencing
counter immediately following the selection so that the next operation to be per-

formed in that program is obtained from the new setting of the sequencing

counter.

MAGNETIC TAPE UNI TS

| [Joonetna
\z -WORD INPUT /z -WORD QUTPUT |
BUFFER [ everer ]
/

N\ 7 TRAFFIC
| ‘ ( (45 TAGES)
N_ Al N s N
— i/ A\l
I—\ g
PROGRAM | I| PROGRAM 2 [ |  PROGRAM 3
INSTRUGTIONS '\ \NSTRUGTIONS || INSTRUGTIO
\ f MULTI-PROGRAM

\ SEQUENGE GCTR. 1|

SEQUENGE CTR., 2
SEQUENGCE CTR. 3

Figure 18. Three Programs Operating Simultaneously
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TAPE CONTROL
BUFFER

020 18.85 1700 | AF1 0200 00000000
2 it HIGH SPEED
o201 1701 | pA 0200 0202 0204 MEMORY
0202 212.31 1702 | WFS D204 0000000]
0203
0204 530,96
212.31 INS TRUCTION
—+_+ |318.65 | BEING
583096 PERFORMED
ARITHMETIC UNIT CONTROL UNIT

1700 +1 = 1701
SEQUENCE GOUNTER

Figure 19. An Example in Addition

An example of a simplified problem in addition, with the associated in-
structions for its completion, is given in Figure 19. Assume that the sequencing
counter at this time reads 1700. Therefore, the instruction in memory location
1700 (RF 1 0200 0000 0000) will be transferred to the control unit. RF 1 is
the code which instructs the machine to read Tape 1 ina forward direction and to
transfer the entire record into memory, beginning with location 0200. Mean-
while, the sequencing counter has been incremented by one and when the read
instruction is completed, the instruction DA 0200 0202 0204 in location 1701
will be performed. This requires that the arithmetic unit add decimally the
contents of location 0200 (318.65) to the contents of 0202 (212, 31) and store the
result (530, 96) in location 0204, The instruction in 1702 states that the result
contained in register 0204 be written in a forward direction onto the next available

tape space on Magnetic Tape Unit 05,
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1. Read data from tape

or memory

N\ Z MEMORY

2, Change machine code to card CODE  BOX

or printer code T

——

3. Punch cards or print

data

Figure 20. Output Conversion

Data from magnetic tape or memory is converted into printed or punched
card form as shown in the block diagram, Figure 20. The function of the code
box is similar to the one used in the input circuit except that the Honeywell code
representation is converted to electrical impulses which will drive specific
equipment to print or punch this information. Editing may be accomplished in

the Central Processor to obtain any desired format.
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HONEYWELL 800 ADDREwS NOTATION SUMMARY

SYMBOL A X S 1 ye
DESCRIPTION ABSOLUTE INDEXED , HSM SPECIAL REGISTER TABULAR INDEXED, SR
FORM [0] 1 BITS [1T3BiTs[8BITs| | [o]sBITS[I[5BITS] [o]sBITS][0[5BITS]| [1]3BITS] 8BITS|
LEGEND aaaa r i i ss i ss r iii
— = | S et — —
ABSOLUTE ADDRESS IR INCREMENT | INCREMENT SR LOC. INCREMENT SR LOC. IR INCREMENT
LEGEND' DEFINITION (0-2047) (0-7) (0-255) (0-31) (0-31) (0-31) (0-31) (0-7)  (0-255)
MGDIFIED BEFORE USE NO YES NO NO YES
MODIFIED AFTER USE NO NO YES YES NO
TAB BIT - g I 0 )
ADDRESS DESIG. 0 0 | !
° (HSM) (HSM) (SR) (SR) '
BANK INDICATOR,
SOURCE  (HSM ) SEQ. CTR. IR - SR =
IR BANK INDICATOR IS
SECONDARY B ANK USED INSTEAD OF THAT
INDICATOR, SOURCE (SR) — — SEQ. CTR.# SEQ.CTR. # OF SEQ.CTR. IN
SUBSEQUENT SOR T.
HSM ADDRESS IN . gyl (IR +iii=S OR T,
EFFECTIVE ADDRESS acada UR) # iii s (ss) iy TAI;-'O

SPECIAL REGISTER

WORD

S[iweits]

S BINARY
| ADDRESS

8
A
N
K

|
N
D

*Resultant comprises bank indicator from Index Register plus sum of 11 bits
from IR and 8 bits from Address.
S or T address depending on Tab position bit of resultant.

Resultant is interpreted as an effective

1 (ss) - HSM location specified by contents of Special Register location ss.




HONEYWELL 800 ORDER SUMMARY SHEET

OPERATION CODES

Class |Op|M/P!

S/ | Description

) or ~|00|== |
P or ~|00|PP |

o= =

00| MM
00|--
00|~=
aalaa
00: Op Code

S/C | General

~ | Peripheral
S/C | Masked

S/C | Shift

S/C | Floating

! Defined

8: (or blank) if next order comes from

Sequenc
C: 1if next
Registe

PP: Periphe
MM: Mask ad

aa

aa: Address

e Register

order comes from Cosequence
r
ral address

dress (low-order part)

of defined routine

= represents blank
INSTRUCTION ADDRESSES (A=B=C)

Deseription

Type |Location
A or - aaaa
X riii
S iiss
T iiss
¥ riii

High=-Speed Memory

Indexed High-Speed

Memory Address

Special Register, direct use
Tabular use of Special
Register

Indexed addressing of
Special Registers

aaaa: High~Speed Memory Address

r:+ Ind
ii: TIne
iii: Ine
ss: Spe
( Ab

SPECIAL REG

ex Register Code
rement (range 0-31)
rement (range 0~255)
cial Register Code
solute or Symbolie)

ISTER ASSIGNMENTS

Absolute Symbolie Function

~ ONALETW N O

AA

AC

SC

cC

SH

CH

[1):4

MX
5 X0-X7
23 GO=G7

2l=31 HO=-H7
CONSTANT SYMBOILS

Binary Constant (octal)

Decimal Constant

Alphanumeriec Constant

Address constant in proper format for
Special Register

Control (assembly)

Mixed Constant

-3
These orders are also available in the masked i3 —ccq. cminla cde miammmassnde

AUCU Counter 1

AUCU Counter 2

Sequence Counter
Cosequence Counter
Sequence History
Cosequence History
Unprgmd, Trf, Ind., Reg.
Mask Index Register
Index Registers 0O=7
General Purpose Reg, 0~7
General Purpose Reg, 8-15

Op. Code General
#DA Decimal Add
#DS  Decimal Subtract
IM Decimal Multiply
DD Decimal Divide
#BA  Binary Add
#BS  Binary Subtract
BM Binary Multiply
BD Binary Divide
¥WA  Word Add (binary LB bit)
#WD Word Difference (binary L8 bit)
#HA  Half~Add (binary L8 bit)
#SM  Superimpose
SS  Substitute
EX  Extract
#TX  Transfer A to B
#TS Transfer A to B and go to C
TN N-word Transfer
MT Multiple Transfer
FT Field Transfer
RT Record Transfer
#NA Not equal comparison, alphabetic
#IA Less than or equal comp., alpha,
#NN Not equal comparison numeric
#IN less than or equal comp. nume
AP  Alphabetic print
HP Hexadecimal print
BP Octal print
PRR  Proceed (no operation)
CC Compute Orthocount
#CP Check Parity
PERTPHERAL
RF Read Forward
RB HRead Backward
WF  Write Forward
RW Rewind
WT Wind
SHIFT
WE Shift Word, Extracting
WS Shift Word, Substituting
PE Shift preserving sign, Extracting
PS Shift preserving sign, Substituting
SL Shift and Select
FLOATING POINT
BA Binary Add (Floating)
BS Binary Subtract "
BM Binary Multiply "
BD Binary Divide "
DA  Decimal Add "
DS Decimal Subtract "
DM Decimal Multiply "
DD Decimal Divide "
NZ Normalize
NF Not equal comparison floating
IF Iess than or equal comp., floating

OPERATION CODES

o

P R e o e o o

FEEEE

5=
5=7
5«7
5=7
5-8

11 av

31 av
sh av
11 av
1l av
31 av
5L av

8 av



Honeywell

DATAmatic

ELECTRONIC DATA PROCESSING

EFFECTIVE APRIL 1, 1959

L\’J’E e DESCRIPTION M'?Eﬁ;ilt‘f FU;ﬁE.ESE
CENTRAL PROCESSOR

801 Central Processor $8,550 $410,400
including 4,096-word memory,
arithmetic and control section -

and console
801-A Floating-Point Option 1,250 60,000
802 Additional Memory Blocks 3,200 153,600

(4,096 words per block)
TAPE CONTROLS

803 Tape Control 2,000 96,000

804 Magnetic Tape Unit 900 43,200

805 Magnetic Tape Switching Unit 75 3,600

PERIPHERAL CONTROLS
) Privter CONTROLS

806-1 Printer Control (for 822-1) 1,050 50,400

806-2 Printer Control (for 8§22-2) 1,250 60,000

806-3 Printer Control (for 822-3) 1,450 69,600
Carp ReapEr CoNTROLS

807-1 Card Reader Control (for 823-1) 950 45,600

807-2 Card Reader Control (for 823-2) 1,100 52,800

807-3 Card Reader Control (for 823-3) 1,350 64,800
Carp Puncu ConTrOLS

808-1 Card Punch Control (for 824-1) 1,050 50,400

808-2 Card Punch Control (for 824-2) 1,150 55,200
Paper Tare ConNTROLS

809-1 Paper Tape Reader Control (for 825-1) 650 31,200

809-2  Paper Tape Reader Control (for 825-2) 650 31,200

810-1 Paper Tape Punch Control (for 826-1) 650 31,200

Murtipre TeERMINAL Unir CoNTROLS

811-1 Printer—Card Reader—Card Punch Control 1,700 81,600
(for use with 822-1, 823-1 or
823-2, 8241 or 824-2)

8112 Printer—Card Reader—Card Punch Control 1,850 88,800
) (for use with 822-2, 823-1 or
' 823-2, 824-1 or 824-2) '

Continued on reverse side




TYPE DESCRIPTION MONTHLY PURCHASE
NUMBER RENTAL PRICE

811-3 Printer—Card Reader—Card Punch Control 1,950 93,600
(for use with 822-3, 823-1 or
823-2, 824-1 or 824-2)

OrrFLiNe TerMvan, Uwnir CoNTROLS

815 Off-Line Output Auxiliary Control 700 33,600
816 Off-Line Input Auxiliary Control 700 33,600
817 Off-Line Input-Output Auxiliary Control 950 45,600
TERMINAL UNITS
PRINTERS
§22-1 Standard-Speed Printer (150 LPM) 800 42,000
822-2 Bill Feed Printer 1,055 63,300
822-3 High-Speed Printer (600,900 LPM) 1,950 79,800
Carp READERS
823-1 Standard-Speed Card Reader (240 CPM) 125 7,700
823-2 High-Speed Card Reader (650 CPM) 325 14,700
8233  High-Speed Card Reader (900 CPM) 1,200 57,600
Carp PUNCHES
§24-1 Standard-Speed Card Punch (100 CPM) 120 6,100
§24-2 High-Speed Card Punch (250 CPM) 475 20,250
Parer Tapr Units
825-1 Standard-Speed Paper Tape Reader 175 8,000
825-2 High-Speed Paper Tape Reader 325 15,000
826-1 Standard-Speed Paper Tape Punch 75 3,600
MAGNETIC TAPE
Full Reel (2,500 feet — 3/ inch) 89.50
Half Reel (1,300 feet — 34 inch) 59.50
One-Quarter Reel (700 feet — 34 inch) 39.50

The above listed prices are those currently in effect.

All prices are f.o.b. the Honeywell plant in Newton or Boston, Massachusetts, and are subject to change with-
out notice.

Any applicable city, state, or federal taxes involving the sale, lease, or maintenance of the above equipment
are to be added to the listed prices. :

A purchase option credit of fifty percent (50%) of the primary-shift rentals paid is applicable to all of the
above equipment purchased within two years after installation.

Usage outside of primary-shift time is charged for at the rate of fifty per cent (50%) of the primary-shift
charge, prorated for the actual time used.



