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| This thesls presents the deteiled logicel design of &

serial, generel-~purpose digiltel computer with nicro-progrom
cepabllitics. The machine ie a mediuwn-speeld cosputer with =
megnetic drwn menory, ond includes o modest hsgmetic core
nemory for storing micro-orders,

The micro-progren fesbure rolates to the comend ptruce
ture of the nmechine. Mero-opyders enshle the progromuer 4o
gpeclly neny of the elementary internel operablons: these
micro=orders are arrenged into nlero-routlines which synthesisze
computation sequences cguivelent to comends in nore cogvens
tionel computers. Therefove, effectively, the nachine hos an
extrenely long commend Iist. |

Included ere descriptions of the interval orgenizetion
of the machine, and the deteiled logicel equebions vhich are
directly spplicable to the construction of the computer. A
Pew micro-youtines, for both usual end uocamon compends, are

posaible gpplicetions of the mechine,

o

&
o

alao shown, to illustra
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T ImOnTIaN

EBerly in the development of electronlc digltal camputers, vhen suce
cessfully opereting nechines were so few in muiber that esch was known
by nene, cach existing machine wes operated aluost ewclusively by pro-

and ine-

preumers vho vere thorouwhly feilier with the wmechine language
ternal cheracteristics of thelr perticuler camputer. {In meny instences,
the progromaers themselves had been closely sssoclated with the original
design of the machine.)

Howvever, with the lucreesing avellebility of digltel computers, the
egpension in mechine cepebilities, and the overall lmprovemente in
veliebility, it becane incyeapingly GAfficult o aupply en adequate nune
bey of experienced programers to staff the mschincs. In an effort o
mininize this need, the coding efiore wes tramsferred, i many inotances,
to those regponsible for the probloss. & s vesult, the casusl user,
whoose sole objective ieg the solution of his pmriiculer problen, hes be-
eome commenplace, end theye now exlete direct contact betwesn computers
axd & lavge seguent of technisal soclety which hes no dixeet ilunterest
in knowing how the wechines functlon interaslly.

Both effecte, the lnltation in egperienced-programey tloce end
the blossoning of the occesional useyr, heve oophesized the necessity
for developing o lappusge more convenlent for comnmicebing with cone
puters. A wmajor developuent in “%:ma direction ig in the growth of
sutengtic coding tecimicues. The use of eesambly and couplling rous

tines or of inteypretive routines, though less efficient in the wse oF
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internal sochine time, nonctheless usually reeults in an oversll decreose
in the time recuired for problen solutlon. A greater shave of the bupdean
is shifted 4o the computer, renoving much of the drudgsry from the pro-
grapmer's hends, and often elininsting most of the need ;f‘mﬁ & dotalled
ooviledge of the cooputey's internsl opsratlion.

In sope instences, in feot, automatic coding technlques have been
used to deseribe "pesendo-canputers” (1), whose charscteristlcs may appeny,
to the user, very Gifferent from those of the actual wmechine belng used
(bopefully, sinplifying the problem for the user).

But autonetic coding technicues are weuelly apnlied to large-scals
digleal computers vhich shere many of the cheyacteristics of high inter-
xtensive loput-output cepebllie

nal speed, large rondone-sccess storege, ©
ctles, end suppleneatary high cspacity storege.

For the seslley couputer, where compronises heve been node in favor
of cost, sipe, power requirensute, obte., sesenbly sod complling teche
algues oy interpretive routined are Jleps pmm;ﬁ;cal to apoly. She nore
restricted comnend lint ofben couses the rvoutines {0 be longer, and
these aye then exgouted gt the inherently lower operating opeeds.

This thesis proposes g sethod for inareesing the vémmilmy of
snaller dlgitel conputers by changing the Dmdenental command structure
novw shered alwmogt unlversslly by existing digléal couputers. The ususl
commend list is expended, not by cescading furtheyr orders into the unae
¢hine, but by elloving the progrecmer 0 cupycise & greoteyr degree of
control over the intemel process of the computer.

The proposed schane is described ns "micro-propgremming”. The dise

5" referved o in

cugsion in Part IT indicetes that the "micro-progrovesi



v mentioned in references available
but the nazue is adopbed since 1t sewens best to dese
cribe the process used.

The use of nlero-progy techniques does wot entirely eliminste

the need for o detelled knoviedge of the iﬁtarﬁai characteristics of the
conputer.  In meny instances; the developnent of the micro-routines vhich
meke up the commend iist ie very similer 1o the process uwsed in the logi-
cal design of more convenivional ccmgut@fse However, 1t is anticipated
thet libraries of micro-progrenmg would be mede avelleble to the casual
user, so that he would have the cholce of a very long comend list,
utilized in wore or less stenderd feshion. The command list could w@ll‘
inciude comsends which, though convenlent, are ususlly not built into
machines beceause of thelr infreguent use. It would sppesr to be feagible
to duplicate the commend list of other machines, perhaps, and utilize
routines already in existence. The more experienced progrommer would
bopefully be eble to operate the compubter in more sophisticated modes.

s

terms used through-

literatuwre on nloro-prograzming and defines verlous

out this thesis. Pert III describes the genersl charseteristics of the
computer gnd 1ts laternsal comend structure; a detalled description of

the logicel design follows in Part IV.

Az
Jele

¥

Sargple micro-routines are discussed in Pert V, and illustrate the

Ltatlons of the machine. Part VI contaius the logi-

cal equatlons for the coampuber, while the finel portion of the thesis,
Part VII, comments on possible aveps 0F gpplication and useful revisions

of the proposed design.



GEIERAL COLE

H
e e

2ed The I

(R RLT I

~ &

lthough earlier pepers (2)% uay have discussed some of the concepts

»

associated with micro-programuing, the tern itself was spparvently first

nd Btringer (3)(4). Pigure 1 illustrates the microe

Wilkes aend

hixd

coatrol wnlt in the schewe originelly proposed by Wilkes snd Stringer.

pulse is spplied to the decoding tree, snd is routed to one of the hori-

e

B w

sombal output lines of the tvee by the configuretion of Regleter I. 'The

5 3

output lines of the tree ave connected to the dlode metrix A; the pulse
on the selected horlzontel line of the mebtrixz is spplied to selected ver-

e

gates whlceh are apsocigted with micro-operablons.

5

I selects & c:armswnm:agg 1ine of

3,

Hence, o perticular number in Regls

2

c«g.
4

&
matrix A; the connectlons nade onto the selected line cmwwﬁﬁa & parileue
ler combingtion of wlcro-operations. Therefore, eoch oubput line corre-
sponds to g micro-order.

2

The selected horizontal line also ceuses an oubput from metrix B,

<3

witlch 18 used to set Register II. The setting of Reglster IT determines

a

the mlero-crder next Lo e perfomed, since the gote between the two
3

¥ Heore ond Shepin describe the deslgn of o propused sew iu;‘a. czc:mﬂu%f 3
where comtrol over the erithmelic processes would be obitalaed from pulses
on & naguetic drun. Yoo .Bach orvder that the mechine is to g,gmf L
coded as a sequence of successive simpler gating, loglesl, and transler
operotions on only one binary dgit...” The conirol pulses were to be
recorded more or less snently on the drues, and vould fix the order

W

iist of uﬁ@ *cmzz;auﬁ@z?a ne opersbing speed of the compubter wss fairly

sl iy wanded sequence could be perforned per drum M:mlm; Oile
Hell the L’,i:"CCQU.Cf“Gi}.{,@ of the drum was devoted o the controls, the other
o the ususl siorege
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m;m

2

the contents of Reglster IT to be trausferved vo Regls-

: the next conbrol pulse is applied. Therefore, pulses

soplied alvernstely to the decoding tree and the register gobe couse

“

execution of a pre-determined seguence of wlcro-orde

The % connection shown on & horisontal line roules the pulse onto
glther of two lines of metrix By the cholce is under control of a flip-
ilop, end hence allows condltional breanching.

Hot shown zre the reglsters sgsociated with the arithmetic element,
or portlons of the control unlt which sre affected by the micro-opere~
tions.

Billing end Homenn (5) describe the sbove scheme, and mention slso

o

that the dode nalrices were yeplaced in a laler design by magnetic core

2.

matrices, ensbling more counvenient modification of the nlcro-orders alter
completion of the machine. (This lotter comaent is verified by Bauer (6),
who states thet the technicue was spplied to EDSAC IX.}) Billing and Hop-
ann proposed a further wmodiflicetion, however, in which the selecied

iilne corvesponds Yo o negoetic core shift regleter. The propagation of

a single pulse Irom one stoge of the shiflt reglster to the next actuates
geltes connected to the terminals bebween stages. Thus, each advence of
the pulse through the shift register generates o ;:fzicmmﬁp@z‘*&-%;im. Por
conditional commends, the shift register branches into alteruste paths;

the pulse lg roubed W & selected path under conbrol of comditionsl {lip-

flops. The reference stotes thet this schene of wicro-control is gpplied
b0 the design of the Govltingen G-3 ctupubter,

Papers by both Glentz (7) and Mercer (8) discuss possible termino-

logy, describe various efventeges ol micro-prograumiling, and Propoge pos-

sible schenes for the internsl organization of cowpubters utilizing micro-



operations.
Generally, however, except for the Moore and Shepin report (2),
and o comment in the Wilkes snd Stringer paper (3), the veferences des-

cribe the gpplication of wlero-programming technicues to parallel me-

chines. Also, except for o ssuple mlero-routine in the Wilkes and
Stringer peper, no explicit mention of the individusl miero-orders is

nede.

WiQro=-program-

4]

The part followlng describes en spplication of ih
mlng concept to serlel digitel computers, end how certain philosophicsal
differences seen to apply in the serisl and perallel ceses. Later pors

tiong of this thesis describe the perticuler micro-comaands which appesr

o be the nost useful.

Wiero-Prograwming Applied to Persllel end Serisl Machiness

3
L]
&3

For computers operating in parellel fashion, the fundesmental time
wnlt for o synchronous mechine is & pulse-time, ¢r bit-time. The mioro-
control facility, therefore, wmust necessarily be copeble of camending
mlcro-operations froan one pulse-time to the next. Farthermore, since
the individuel bits of o word are processed simulteneocusly, eech bit-
position must nomselly be provided with getes and logic; therefore, it
is feapible b0 adept the micro-comtrol to treat each bit of & word
dvidually, should this be reguired. It follows, therefore, thet al-
t of the micro-program storpge may

though the Lmolicit inforunstion conten

have to be large, it 1o possible o perform wiicue end wnusual operetions
p

upon the binery informaticn.

But applying micro-control to seriel compubters requlires s fundenen-
b i3 ’

tal change in the slcero-control process iteelf. Sinece the basic tinme
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interval in a serigl computer is closely related to a word-time (informe-
tlon in a word is fed serielly through the processing units, with all
bits except perhaps those on the ends treated uniformly), it is natural
to zgewse thaet the wpiero-control should be cepeble of exerting control
from one word-intervel To the next. However, 1t would not appear thai
micro-control over pulse Intervals, or even paritlal word intervels, would
be warrented economically. Computers are opereted serislly, primarily to
effect economies in computer components (at known sacrifices in computing
gpeed), so that the design of a micro-control facility must be consist-
ent with this philosophy.

Limiting the nmicro-control bo word intervels has seversl conse-
guences. An interesting effect is the change in scope of what would be
considered e nmlero-operation. In o parsllel machine, the micro-control
during an addition process would probebly determine the operstion of
hall-adders and carry stages for each bit position; in e serlal mschine,
the full-word sddition wight be defined to be & micro-operablon¥.

Of course, wh@nﬁv@g an operetion is lgtrinsically e bit-by-bit opera-
tion, the word-intervel control is inefficient. @dﬁﬂidﬁfy for exemple,
magnitude comperison between Two binary numbers. In a serial machine
with bullt-in nagnlitude comparison logle, & usual method would be to
compars the corrvesponding blnary dilglts of the two mumbers as they passed
through the syithnmetic wnlt. The state of a flip-flop at the end of the
word cyele would Indicete which of the nunbers wes the grester. 70 du-

plicete this bit-by-bit coapariscon by using nicro-operations commended

¥ Further discussion of the scope of a micro-operstion will be found in
Part 3.1,
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gt wvordsintervels, would probebly requlre as meny word-tines as dglte
ip & meber. (With word-interval control, & nore netural method would be
o take the difference of the mubers snd note the siga. However; the
ahove exanple points ocut the restrictions imposed by the coarser control
sgnpling rote.)

For o mejority of iastences, hovover, the word-intervel-yate for
micro-opeyations gpoears o be afequate, since meny of the desired operge
tions elther operate upon the entire word or regulre o full word interval
o make gvelleble the regulred part of the word.

The wvord-intervel control requives thed esch micro-cesumnd be
sxecuteble in s word-tluc., Teble 2 Lllustrates the mlero-coemend liod
Tor the compubter described in this thesis. The partliculer mlero-come
nende and thelr reletive grouplog (to allov certaln simulteneous micyo-
operatlions) were detersdned by deriving micros-poutines for o variety of
cormend sequences, and then selecting micro-commends which allowed the

most convenlence and versallility.

Ped Tubure foplicstion:

7t would appesy thet the basic &ifferences between the serisl and
the parailel computer affect the spplication of micro-programaling, and
indeed, iltes future developuent. For laxge-scale, perallel dlgltal cope
puters, primarily those in whick speed is of parspount lLmportance, it
sppeers mandatory thet a uloro-progren fecdlity be cepeble of executing
sl operetions go guickly as would he poselble by & bullt-ln coawand. It
magt furthey offer the adventege of extrene flendbility, allowing spe-
cdfic probleas o be solved nore efficiently then would be posgible with
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bullt-in commends
For serial

class,

o 3

mlero-control faclliity mi

serve its purpose L€ it
fecilitated the wse of the mechine. Speed

expecteld aend probebly achieved, but this

of problen scolution would be

would not necessarily be
prime notiveltlion for ilncluding micro-programulng.
greimey tlne,

The decresse in

YO
whension of the couwputer cepesbllities to other
problen greas, would be direct conseguences.
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TIT CGIUERAL DESCRIPTION OF THE COMPUTER

Fed  Homenclature:

¥here possible, the terminoclogy used, both in the general descrip-
tion of the computer, and in the discussion of the loglcal design, fol-
lows that conteined in the IRE Stenderds on Electrounic Computers (9).
The list below is lncluded; however, to enphesize differences among par-
tleular terms and to define terminology specifically applicsble to the
é@sefibeé,ﬁ&ghime. The listing is not alphabetical, but 18 eryenged in
more or less nabursl order; the list is sufficiently brief that o dif-
ficulties should arise.
Commend: "One of a set of seversl signals (or groups of signalé) vhich
occurs a8 & result of en Ingtruction; the commends initiste the individue
al steps which form the process of execubting the instruction...' In
particular, & commend corresponds to o specific operation performed by
the computer.

Order or Instruction: Although the latter term is preferred by the

cited reference, the former 1s used in this thesis becsuse of its com-
pactness. Orders form the "...artificiel lengusge for deseribing or
expressing the instructions which can be cerried out by a digitel coa-
puter...” Orders contain coumends, addvesses, ond code-bits which con-
trol the sequencing of the routines.

Stete: Refers to one of four mejor lnternsl condltions of the computer:

Idle, Fill, Compute; and Coupute One-Cycle,
Fhase: Refers to ope of four possible conditions which ususlly occur in

sequence. The Phases are mumbered I, I, IIX, IV, and are generel time
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divisions which describe the internel operatiocn of the coaputer.
< ™

Type:  Refers to one ol four generel claesges of Orders. The Type of

-

Order determines the interpretetion of the infoymetion contained in en
order word,

Micro-; The preiix Micro- is used with terms such es progrem, order,
command, etc. o dencie o level of operation usually more elementsry than
when the terme ave used without the prefix. The literature (7)(8)
attenpts formal definition of the tems, but 1t sppears that the state~
ment above puffices for the purposes of this thesis. As wes pointed out

in Part 2.2, the characteristics of = serial coaputer can be related to

micro-operations vhdch eye very different frox those which might be

associsbed with pereliel wmechines. Hence, the folloving teris are used
to refer to a specific class of internal conditions; the prefix nicro-,

slthough it lmplies o more elementary cless of operations, is used pri-
nerdly in an organizationsl sense,

Hlero-Commend: Befers to @ specific operetion executed by the computer.

Hero-Comends are Listed in Table 2. As willl be seen lster, Moro-Com-
nends sre executed durdng Type I1 or Type IV orders.

Hicro-Order: Comsiste of o specified srrangement of Micro-Commends,
control diglts, end addresses. Therefore;, o Mlcro-Order cen be consideved
a8 the vehicle in vhich the Mlcro-Commeands ere placed) the tern Miero-
Order should not be used to deseribe particuler operations perforned by
the coamputer. Micro-Orders are cobteined from em ewdliery core memory
during the execution of Type I orders and aye stored into the core
fecilit j during the execution of Type IIT crders

Micro-Roubine: A particuler errengement of Micro-Orders which, vhen

executed, echieves g des gffect.
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Sumery of Terme: The following statements will perhaps ald in emphesize

ing the differences among the various terms discussed above.
Dnwring computetion, the computer ie alweys acting upon esn Order. I
the order is o Type I Order, then the computer will execute a Command.

If the order is a Type I1 Order, then the computer is performing = Micro-

Roublne, and is obitaining, in o pre-deternined meanner, Mlcero-Orders from
5 3 & &

the core memoryy it then proceeds to execute the Mlero-Comends contained

in the selected Micro-Orders. A Type IIT Order transfers Micro-Orders

from the megnetic drum nemory to the core memory. A Type IV Order

merely causes the computer to execute the Micro-Commends present in the

Type IV Qrder word.

3.2 Specificatiouns:

Tuis part of the thesls lists the general specificstions of {he
machine. Detailed descriptions of the component units are included in
Part IV of the thesis.

Internal Information: Binary.

Word length: 32 bits per word.

Input-Output: Flexowriter, punched-tepe reader, tape punch.

YMognetic Drum Memory Cepacity: 03 chamels, each containing 6 words,

and one short storege loop with a caepacity of 8 words,

Megnetle Drum Speed: Approximetely 3000 rpa.

e

Internal Clock Rete: Aboub 123 kilopulses per second.

Core Storage: Micro-orders sve stored in & core wmemory contelning 128

words of 2k bits each. The 2h bits of a word are read out of the core
memory ab a read-out freguency corvesponding to word-time intervals

{sbout 3B per second). The core memory allows access to words at



rendom 17 requlred.

Arithmetic Reglsters: The three srithmetic registers are ell one-word

loops on the drum memory.
a. A Register: The meln arithaetic reglster, and the most versa-
tile in its informetion handling capebilities.

G ° .Z) abﬁgi S'i.}e."f

Order Counter-Regleter: This 1s also o one-word lengih loop on the drum,

but will henceforth be referred to as the Order Counter. The Order

Counter stores the address of the order nomally next to be performed.

Address Regleter (M Regisher): Also & one-word loop on the drmsa. This
& & iy

reglster stoves the address reguired in executing en order or & micro-

routine.
B Register (Index Repister): 5o o one-word loogp on the magnetic drung

VS

used primerily for modifying addresses or for telly purposes.

3.3 Qxder Types:

A major difference between this computer and existing machines lies
in the forme which cen be assumed by the orders. ERach order on the main
menory has an asscclated two-dligit code which places the order into one
of four possible types. These four types are illustrated in Flgure 2

ané@ are briefly described below. The composition of the nmicro-orders il

This corresponds to the usual order. As shown by Figure 2, 1t cone
gists of a four-digit code which specifies one of 1k commends, and 12

binary diglts, the first slx for chemwmel, the latter six for sector,
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which specily en eddress on the drun memory. The command list, showm in

=i
0

4,

Tebhle

o

s hos limited arithsetic cepebilities; four of them relate o the
B Reglster, and two comands veleate to the opersticn of the short loop.
A1L operations requlring & Jdrun nemory segreh for information are come

manded by Type I orders.

This order consisis of two perts. Seven binery diglis speclfy the
core sddress loceting the flrst nicro-order of e micro-youtine to be
executed. The assoclated 12 bite correspond to an eddress on the drum,
and sre subseguently stored onto the Address Regieter. 7The address bits
are not nommally used with micro-orders. However, if s comuend, such as
ié usuelly sssociated with a Yype T order, ls executed from s nicro-order
(by use of a special code), the contents of the Address Register then
perfors the nomel functions of the eddress dlgits in a Type I order.

fote thet the seven bilte which specify the start of %ﬁe laro-rous
tine can he considered as e "comuend code”, vhere the "comend” suwmae
rizes the vesults schileved by the micro-roubine. Conceptually, e Type
i1 order cen be considered like a Type I order, and extends the command

List ms much a8 deglred.

Trpe TIT Order:

This order transfers informstion fram the drum into the core memory.
Again, seven bits specify 2 locebion in the core storsge, but in this
instence, determine the starting point for storege into the core fa-
aility. The sccompenying 12 digit addvess denotes the sterting locatiocn
in the drun from vhich the lanfomeaition is obisined. Subsecquent words in
the drmm are tronsferved o successive storage locations in the core

memory. A diglt in the sign positlon of & word on the drun halts the

&



vemnafer process (the word contalning the "End-of-Treansfer” bit is the

Pinel word transferred).

Type IV Order:

This order sllove aleyro-comands to be obbtelned from the drum end

executed directldy.

3.4 B Register (Index Hegister) Codes:

Several coomends in the Type I comsend list relate to the B Regls-
ter, end are described later. However, there ere two other codes which
use the B Register: 1) For Type I or III orders cbtained from the drun,
2 cne~blt in the sign position causes the contents of the B Reglster to
be edded to the scocmpenyling 12-diglt address. 2) Correspondingly, if
e camend (normally essocisted with Type I ordevs) is executed durlog &
micro-youtine (Type 1T order), e one-bit in column 23 of the core microe
order ceuses the contents of the B Reglster to be sfded to the contents
of the Adress Peglster. (ihe canposition of o nicro-order is described

in 3@6.}

3¢5 Deseription of the Comends:

Teble 1 lists the commands normelly eseocleted with Type I orders.
The following is e brief explenstion of the comends. In all cases, the
coamend muber corresponds to the blaery equivelent of the command code
the letter » refers to the sccompanying 12-bit address.
002: A dnto Clm): (Abbrevisted A4 w) Stores the contents of the 4 Re-

gisber lnto location n of the drum mewory,
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]

<

003: Clm) into D: (D n): TrensTers the information from location m

R e - RN TN | b T L
of the drum into the I Feglster.

Transfers 8 words, sterting

B

004 Trensfer to the Short Loop: (M8 u)

2t locetion m on the drm nemory, into the shord locy (Chamel 0).

2,

the Short Loop: (SM m): Transfers the contents of

O0%:  Trensfer fron

the chort loop (Chammel 0) into & successive word positions of the meiln
memory, sterting at locetion nm.

006:  Print: (PT m): Causes the Flexowriter to print the syibol repyre-

P

S i

sented by the bits in the 6 mwsd positioms of the address code uw.

007;  Partiel Substitute: (PS m): Inserts the 12 bits of the A Regls-

ter vhich correspond to the sddress digits, into the address portiom of
the word in locatlon m.

008: Extrect: (EXT u): Ersses the A Register, cxcept where one-bits

are pregent ln the word in location m. Alternetive view: bili-by-bit
logical multiplication of the contents of A and u.

009: Imput: (IN): Oterts the punched-tepe resder, snd simulteneously
places the computer into the Idle State.

010: Store the Augmented Order Counter Contente: (OCM m): Increases

the Order Counter contents by one, and stores in locstion m.

0li: C(m) into B: (MB m): Pleces the 12 address bits of the word in

location m into the corresponding positions of the B Reglster.
0l2: Helt: (H): Places the computer into the Idle State.

013: Decrease B: (UB m): Decreeses the B Reglster contents by e, If

the resulting B value is negetive, proceed nommelly to the next order.

If B 18 zero or positive, proceed to the order found in location m,

O1lk: B into A: (BA): Trensfers the contents of the B Register into the
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: TInerease B: (IB): Tncresses the B Begister contents by ong.
3.6 Description of the Micro-Comnands:
Figure 3 shows

stored on the druam,

micro-comnands in

=3

the relative word position of & micro-order when

prior to transfer to the core memory.

I Counter Code:

The conponens
(3 - 1 Bit):

micro-order axe alsc shown in Figure 3, and are des-
cribed below, starting with the msd or left end of the micro-order

The presence of & one-bit In the msd position of the micro-order
by one.

automatically decresses the conbents of the IN Counter (Operation Counter)

If this results in o velue N which is positive or zero, thea the
next micro-order ig obtalned from the row positlion of the core memory

ing § iz negative, the micro-oprder next in line 1
Arithnetic Mlero-Comends:

2t
b

gpecified by the ¥, eddress included in the micro-order; if the result-
used.

chad

L2 o3

The terms, Arithmetic. and Control,

grougse of micro-comends, beer & genersl

agpplied to the two mejor
relation to the resulis sccome
plished by the micro-coamends in the two gy
primarily for convenlence, and no strong
strict the possible oper

oyl

s Lo
trol functions.

roups. Howvever, the terums sxe

used to represec

il

attenpts have been nede 40 re-
The four bits o

iong in the two groups Lo arithumetic or cone-

t fifteen separate micro-conmends;

the 100 series, vhere the last two diglite correspond to the binary egui-
valent of the code.

10k

g

the Arithmetic Micro-Commend Code ave

Coaplenent A:

these are nunbered in

The Avithmebtic Mlero-Comands ere listed in Teble 2.
{comp. A): Co

40 be complemented {true binary complement).

Couses the contents of the A Repister
&



[
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102; A+ D into &: {a ADA): The suzm of the A and D Reglsters is placed

iato A. Bign bits sre tyeated like the other diglis,

103: A - Dinto A: (s ADA): Subbrect the contents of the D Reglster

from those of the A Reglster. Signs do not affect the operation.

10k: A + D into R: (a2 ADR): The sum of A and D is placed into the R

Fegister. HNote that both A and D sre left unchanged.
gL

105: A - D into B: (s ADR): 'The contents of D ave subtracted from A

end placed into the R Reglsiter.

]
)

106: Cleer A: (el A): Clear the A Reglster.

107: Clesr R: (el R): Clear the R Register.

100: Clesr D¢ (el D): Clear the D Reglster. .

109; Insert O into msd D: (0 med D): Zero-sets the most significant

digit (left-most) of the D Reglster.

110: Imsert O imbto lsd Rs (0 1sd R): Zero-sebe the lesst significent

digit (right-most) of the R Register.

111: Ineert 1 imto lsd R: (1 1lsd R): One-sets the 1sd of R.

112: Insert O into msd R: (0 med R): Zero-sets the msd of R.

113: Ingert 1 into mad R: (1 msd R): One-sets the msd of R.

11k:  Insert O into msd A: (0 med A): Zero-sets the med of A.

115: Insert 1 into msd A: (1 med A): One-sets the musd of A.

Control Mlero-Coamands:

The four bits of the Control Micro-Comend Code represent fifteen
separate mlcro-commends; these ere listed in the 200 series and are shown
in Table 2.

201: PBRebturn to Main Conmtrol: (fmc): Causes the coapubter o execube the

micro-order in vhich this micro-camend occurs end then 1o return o

Phase I to execute the next order, as speclfied by the Order Counter.
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Effectively, this ig an “end of nicro-routine’ signal.

202: Shift A Right: {exr A): Couses a right-shift of the conmtents of

the & Register. The lsd is logt; o zero-bit is nommally inserbted into

203: Shift A Left: (sl A): Couses s left-shift of the contents of A.

Y

The msd is lost: o zero-bit is lnserted into lsd A.

[

20h:  Circuler Shift A Right: (src A): The contents of the A Reglster

right-ghift by one position; the original 1sd of A is inserted into the
med position.

205:  Cireuler Shift A Left: (sle A): The contents of the A Register

lelt-shift by one position; the original msd of A is pleced into the lsd
position.

206:  £hift A and R Right: (sr AR): Considers the A and R Registers as

a double-length register, with A as the most significant hal? (the left

W

nalf), end with R a5 the least siguificent half. Causes a single righte
shift of the combined contents; the lsd of R is lost, end a zero-bit is
placed into the msd of A.

D7: Shift A and R Left: (sl AR): Similer to 206, bubt for the lefi-

ghift case.

208: Tremsfer A into the Address Regigter: (tr Alfr): Causes the

address portlon of the contente of A to be transferred to the Address
2

Register. (Mr is used to represent the Address or M Register to gvolid

confusion with ¥ for mewory, as used with the comend code.)

209: Trensfer A into R: (tr AR): Couses the contents of A to be placed

into R. A is re~clrculoted.

210:  Transfer R into A:  (br RA): Transfers the contents of the R

Beglster dnto A, BHe-circulates E.
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21; Exchenge A and E:  (ex AR): Exchenges, or gwaps, the contents of

ﬁirﬁﬁ A gﬁ'ld the R Reglesters pated 'th&‘t each fiﬂc;i,l‘ contelns dﬁl@ ori in@:&
¥ b4 o
conbents of the O‘%ﬁl@fc

2L2:  Exchenge A end D:  {(ex AD): FExchanges the contents of A 2ad D.

213: Exchenge R and Di {ex RD): Exchenges the contents of R and D.
2k Trensfer D into N: (tr DN): Ceuses five bite of the D Reglster
in pogitions Fé through P, to be placed into flip-flops §5 through Ki of

the N Counter (Cperation Counter). For words containing orders, posi-

£

W

tlions P, through ?b are uormelly spare positions,

2L5:  Trensfer Addvess Repister to Order Counter: (tr MrC): fTrensfers

the 12 bits in the address portion of the Address Register into the

Order Counter.

Control Input Codes:

The three blts of this code select any of seven inputs which then
detemlnes the stete of cane of the Control Flip-Flops, EB, Fgf ?13 or Fga
Jhe codes are numbered in the 30 series; the selected Control Flip-Flop
is set {0 the sizte of the selected variable.

Fdy  lsd B: Selects the state of lsd R existing ot the begloning of the
vord interval affected by the micro-order in which this code appears.
F2: lsd A: Belects the state of lsd A at the beglnning of the vord
interval.

L3 wmed A:r SBelects the state of msd A ot the begloning of the word
interval.

Dh: med D: Selects the state of wsd D at the beginning of the word

P5:  Carry: (Set X) Inspects the Carry flip-flop, K, at PBl; hence,

selects the cerry occurring at the end of the word interval.



Do Bet to Cne-State: {(Set 1)

P7: Set to Zero-State: {(Set )

Gontrol Selector Codest

Two blpary diglts select vhich of the four Control Flip-Flops is to
be set by the input chosen by the Control Input Code. The codes mve

mzbered in the L0 series,

oo ¥,
kol Fy
bz ¥,
ko3 Fq

?r_& Comtrol Code:

With one exception (code 507), the three bits which comprise the
E’a Conbrol Code effect the use of the Z‘s?xEt Adreos dlglts.
Sz I F&
202 If E“l

EF

I3

53

Yy
%

“3
[

i~

ol
S50k If F.
AR ;}

indiceted codes chbove select one of the four Control Flip~Flops.

[

If the selected flip-Iflop is in the one-stete, the next micro-order is
teken from the yov specified by the Yﬁ Mfrecs. Otbervise, the nicrow-
order next 1n seguence is used,

Hote: A Control Flip-Flop which is set by any lapub except 30k, cen
ve selected by the eppropriate 500 series code in the same migro-order.
A 305 imput {Cerry) camnot be selected until et least the following wlerc-
order, hovever.

St

505:  Unconditionel Transfer: (ud): Causes the next micro-order o be

chtained fron the position specified by the ¥, ediress.



50G:  Trensfer Y, into the ¥ Counter: (tr¥ W): The five least signifi-
hmsbries & .

cant digits of the ¥ Address are transferred 1o the N Counter.

507: Hoa-Micro-Orders (moo): Denotes thet the next read-out from the

core is not a micro-order, but rather;, is vo be interpreted as a coammend

+

(commands ere usually sssociated with Type I Orders). A comend stored

3

in the core memory is shown in Pigure 4. The B Coantrol Bit is displaced.
Ho operand oddress scoomponies the comeand; the existing contents of the
Address Reglster specify the operend locatioun. AlsSo, a one-bit must be

coded into the position corvesponding to FlB’

3.7 The Imtersction of Simliteneous Arvithaetic end Control Micro-
Compnends;

In many instences, 1t is Gesirable 1o execute both an Arithmetle
Horo-Comeand (100 series) and o Control Micro-Camesnd (200 ﬁeri@s} dure
ing the smme word Interval. Vhere the micro-camiands ere cbviously ine-
dependent, or where they would not ressonebly be required simultaneously,
no probleas srise. However, o number of ressonsble eombiﬁaﬁians are com-
sidered below. Other combinations can be analyzed by referyving to the
detalled loglcal egquetions.

a. In all ceses, Clear mlcro-cammands teke precedence.

b. Any of the digit-insert Avithmetic Micro-Comaends (109 through
115) will override the effect of a Control Micro-Commend in the selected
diglt position. For example, the simulbaneous combinetion of (1 msd A)
and (sr A} can be used to right-shift the A Regisiter vhen it contelns s
complenented mautber, The {1 msd A) Avitimetic Micro-Command overrldes

the normal action of inserdting & zerd-bit in the wusd position during the

o PR e ron AN
execution of {sr A).

c. Other cases heve been congidered, ond cre shown on Table 3.
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IV DESCRIPTION OF THE LOCICAL DESICH

L. Introduction:

The internel condition of the coamputer is represented by verious
combinations of binery varisbles, where each varieble is capable of
agsguning one of two possible states. lLoglcal equaetions are used $o des-
cribe the future state of the machine as a function of the existing
values of the binary varisbles.

The binary varlables are mechenlzed iﬁ_t&ﬂ&ﬁ of flip-flop circuits,

S 2 »

nognetized arees of the megnetic drum, msgnetization of ferromsgnetic
core elements, switch settlings, ete. The logical equations, in genersl,
describe the inputs to the flip~-Tlop circuiis in terms of the binary
variables, and serve as & couplete and detalled descrlption of the se-
guences within the computer.

The parts to follow describe the logicel design of the machine,
first by considering vericus functional waits of the machine (drum
wenory, core memory, input-output, etc.) end then by discussing the logl-
cal equations thenselves. The descripiion of the loglcal equations is
intended to serve as a gulde; couplete understanding of the mechine
operagtion requlres a detalled gtudy of the eguations.

The complete logleal ecuations for the machine sre lneluded in Part
6.2, In deseribing the various sequences, pertinent flip«-flops are
extracted and included with each discussion. The logleal ecustions for
these Llip-Tlops are further shortened to Include only the terms applic-
eble to the discussion. To study the operstion of each flip-flop lu de-

tall, the reader is advised to use the canplete logle included in Part 6.2,
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FPor recireulsbing regloter write flip-flops (Ao 2‘%331 s ete.); only
the logic waich ceouses modificetion of the register contents is dise
cusped. However, the terms vhich cause recirveuwletion snd heuce retention
of the regloter contents ave included with the complete logic.

The comend and nicro-comuend codes sppeer in the logic as mzfszb@és
(002, 102, etc.) and ere left wmechanized to ald in the understending
of the logle. Efforts heve been malde to select the code nusbers so thet
the correspopding blosry caiblnations sinplifly the finel mechanized logle;
the code combinations appeeyr nuech less formideble In complexity, *%:&mug&

more obscure in weendng, in thelr mechanised form. (8Sece 6.1)

Lo,2 Womencleture:

Flip-Flops:
The IRE Stendsrds on Electronic Computers (9) defines o flip-flop

es follove:

"A device heving two steble stetes snd two lnput terw
minels {or types of input signals) esch of widch
corresponds with ope of the two stotes. The elroudt
vemeins in elther stete il coaused to change to the
otheyr stebe by spplicstion of the corresponding sige
=Y N

Flin-Flops are the meln loglesl elements in the compubter.
The flip-flop escused for this thesis is of the set and re-set type,

AL

as defined efi:;weﬁ Flip-Llop outputs are denoted by ceplitsl letters,

% fnother, less comnon, flip-flop circwdt chenges state whenever o gige
nal ig epplicd to the iuput (sometimes called o complementing £lip-flop).
The loglcel souations exhilbit o somevhet diffevent fom.




vhere prizmes and non-primes represent the sero and one-states. If =
fip-flop 1 denoted =28 A, Tor exemple, then the two stetes of this

Tlip-flop sre represented @5 A, and &1 ‘o When the verishle represented

by this flip-Tloy is defined as belng true, then:

F4

The converse spplies; also, so that 1 !1»1? is true, ’é‘l ig felse. Hew

presenting the true and felse conditions by one snd zero,

The input 40 & [1ip-Llop is denoted by & lower case letler corree
sponding to the upper cage owbpul terw. A preceding subscript of ons or

zero denotes the stabe to which the imput sets the flip-7Tlop.

At 18 Cne-set teme = F{Flip-Flops and Drivers)

= Zero-set terms = g(Flip-Flops and Drivers)

@

071

vhere  and g ere Dunctions of the veriebles in the machine, snd must be

g impdlcit in the input

b

mrtuelly exclusive. Hobe thet o clock pulse
logic, since the coapulter ils opereted &;ymizmﬂe v with o clock source,
and flip-Tlop chenpges occur only et clock tines.

& very luportent cherocteristic is the single clock-intervel deloy
vinleh extisgts between input and ouwbtput of s flip-Tlopn. The input is
detennined by conditione exigiing at the cloch ssapling time; 17 a change

2

ip cauged in the sitebe of o flip-flop, this chenge ls not noted until



the following clock tine,

5

Drivers:

A driver clrcult is very elementary in its logleal charscteristics,
and Is a device whlch, without delay or storsge eilects, reproduces o
logileal equation outpul. In vacuumetube cireulis, cathode follovers sare
cozmonly used as drivers. 'Drivers sre mentlioned heve primerily to bring
out the slight diference in nomenclebure. Logleal egustlons for drivers

aye denoted by

& = f{Varicus £.7. end drivers)

At = g(Verious £.0. end drivers)

vhere I and g ere logical coumplemente of each other. Hote, slso, that a
driver oubput cenunot be a function of 1tselfl or its complement, becesuse

of the shsence of & delay cherscteristic.

k.3 Referencing the Mognetlic Drus Memory:

The mein megnetic drum memory conteins O chennels of informetion

gtorage. Sixty-three of these sre "long” chennel siorege, where each
channel conteing 6k words of 32 bite each. A short loop chemnel, con~
teining 8 words of storage, is referved to ae Chammel O.

The drum surface 1lg also used for e muber of opne-word length re-

circudating registers; these ere listed

L

u Pert 3.2 and described in Pord

Bob,
Three sdditionsl chemmels sre used to reference the Aru HEmOry.
Tae first 1s a clock chammel conteining 2040 permanently vecorded pulses

& cirvowiference of the drum. %The clock channel supplies the

g
Q
£
&



27
- -

mogter vining sigoeld for the computer.

The Bector Code Chemnel is used to supply sector iufurmetion; code
conflguaretions which corzegpoad €0 the binary muber equivelent of the
sector next 1o be read are coded into positions P1o through P? of &

Wozrd ,ﬁi The required word sector is obtained by compering the output of
the Sector Code Channel {S@) with the sector address of the word desived.
Chanmel selection is eccouplished by wesens of & selector metrix, which
ig sctusted by the channel portion of the address.

An Origin Chemneld, vhich supplies o wique veference pulse once per

revolution, is used as o zero-reference foy the Pulse Counmber.

L.i  Recirculeting Stormge Reglabers on the Dmm Memory:

Apide fvom the storege cheonnels on the nenory, there are sly ve=
clrewleting drun gtorage reglsoters which sre used for storing word-length
infomation. Bince these regloters are bosle to the operstion of the
mechine, o short decerdption of thelr operation end nomencleture 15 ine
eluied below.

Consider the A Register, for exomple, 0 be mades wp of 32 Llip-
Pops comected ss o dynemic storoge reglster, so thet ixformatlon is
continually recirculeted through the loop at clock rate. {fee Plgure
5.) The 32 clock pulses requived 1o re-cycle the loop arve denoted by

2,

Sl )
the symbols By, I’f?ly eos through ?31 Define ?ﬁ 0 the time et which the

% The sectors need not be mudbered consecutively. Fragkel snd Ceas (10)
use & scheme where sectors ere lunterlegved, with cbout elght vords between
consecutive sector nudbers.

w# P pefers primerily to perticuler pulse times, but is used also to
lebel positions in o word; especially 28 oblieined from memory. The cone
text makes olesr, hovever, vhich mesning is intended.
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informetion ia the loop ig at the reference position, i.e., consideriag
the 32 blis as o word, the bite are positloned properly when sampled by

the clock =t time

o
s
Qd

S8ince the {lip-flops are cycling continuslly, there is no logleal

el

change involved 1f s megnetic drum swrface is inserted into the loop.
Ioglcally, this is indiceted by the dlegran in Figure 6. Noie that AB&
nov corresponds to the flip-flop which drives the nemory write smplifier,
snd ﬁg is the flip-flop vhich represents the reed amplifier output.

ince the rest of the computer merely semples the informetion flowing be~
TYeen Aﬁ and éB&’ there is no logical difference between the systems of
Figures 5 and 6.

Pigure 7 is & simple @ah@métie representation of the drum. The
actual spacing between read and write heesds iz, of course, modified by
physlcal considerations guch es the requirement thet clocking shall ocour
at the center of the output signsl, Tlux lealiage, eto,

To eneble relotive shifting of the stored information 60 that ot
time F@‘ﬁhﬁ bits shall appesr to have shifted elther to the right or to
the left, 1t is necessary elther to shorten or lengthen the loop for one
word cyele. Consider the following changes: 1) insert an extre £lip-
flop, Agy, which ensbles a one-bit delay, 2) decreape the heed spacing
by one-bit, substity another flip-Tlop ﬁl to compensete. Hote aow,

ble paths for infomation flow (Figure 8)., By using a loop

e

the three poss
which i one-bit shorter then the 32 bit word length, information ig

effectively shifted to the right {(or shesd in time) by cne position. G

*  Although Py 1s the actusl reference time, P,y 1o of more interest,
since the loglc represents inputs to flip-flops, and the control over &

word interval is specificd 2% ., of the preceding interval.
e
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the other hend, & loop which ig increassed by one causes e shift lefs (or
delay in time) to occur. The void which is left when e shift occurs can
be Tilled es deslred, and examples of this will be noted later vhen speci-

fic shift opersabtions ere described.

L.5 Operetion of the Core Memory:™

Organization:

A modest negnetic core memory with o capacity of 120 words, each
word 24 bits long, 1o provided to store and control the micro-routines.
Using & Type 11T order, Information frop the megnetic drm memory can be
transferred into the core memory a8 desired.

Conglder the core errvengement es & plansr matrix vhere each of the
rows stores & micro-opder; the cores are srrvanged with 24 columns end 126

ws. The desired rov is selected by the 120 possible configurations of
the Row Belect Regleter, ‘? through Yl"

Read~-out from the core memory selecis am‘@mﬁire row, or word, so
that no coluan selection is regulred. Usuel random access megnetlic core
menories are often consldered ns stecked plenes, in which each plaie re-
presents a diglt position; x and y selection withia the planes then
enebles the read-out of a bit from each of the planes, resulting in the
simulteneous avellebility of gll of the bits of & word. The core MEMOTY
desceribed here corvesponds to just one of the plenes of the ususl rendom-

secess memory, but with the further siumplification that no x selection is

% References (11)(12)(13), among others, describe techniques using mag~
netic cores which can easily be adapted to achleve the requirements des-
cribed here,



required. Heace, the core fecillty is o relatively simple one.

Read-Out From the Core Memory:

Information is obtained fras the core storage only once per word
interval. Therefore, the frequency response requlrenmenis are Very re-
laxed; the read sampling rete is sbout 3840 per second. Because of the
lov operationsgl speed, 1t would be fezsible to use multiple turns to
achieve the required aupere-turn drive; hence, low current drivers can
be used.

The sequence for reading Infommation from the core memory 1ls ag

follows:

8. Resd-oubt from the cer@% occurs ot ?315 so that informetion
gtored in the selected rovw is gvailaeble to comtrol the operetion of the
subsgeguent vord intervel.

. Regenerstion of the rov fron vwhich the informetion vas cotained
‘ia denoted in the logleal desipgn ss the ?15 time following each resd-
Qut,%% Tt is expected thet the regenerstion process can ubtillige aux~
illary cores which are set at the time of read-out. Should this be
difficult to accomplish circult-wise, flip-flops cen be used.

c. At Phg, the Rov Select Register, Y, - ¥, is set to the address

of the row uext desired.

The resd-out signel is M T.'P.., vwhich is true only for Type II

"

s

ordeys. The regeneration signal isg siwmiler, except with 535 in place

#  Henceforth in this thesis, the tem core, glone, will be used
cceagslonelly in referring to the core memory.

# The exect regeperstlon time i1s not lmportent. P, wag chosen beeause
it fells midvay between the P, read-out tiues, and Hénce would minimize
the frequency response requirdients of the row selector circulis.
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Filling the Core Menory

e

To £131 the core, ag occurs Auring Type III orders, informatlon from

the drmm ie fed into a shift storsge register during the interval P27 o°

{Actually, only P.. , is required, but Pg7u@ is pore essily mechenized.)

27l
Aggpin, cores can probebly be used for thils purpaﬁe; At Py, the contents
of this register ere read into the row gelac%eé‘by.z? thrﬂﬂgh Ylv The
£111 signal during Type III éperatiﬁn is denocted by ﬁmﬁli33.

4.6 Input-Oubtpub:

This sectlon describes ope of mmerous feasible methods for inter-
connecting the computer to s Flemowriter mnd punched-tepe resder. Bupand-
ing the igputeoutput capsbilities to include supplementeary Flexowriters,
§unmhaé~¢axé resders, negnetic tope unlits, ete. is primerily a unebter of
superposing edditional tle-in capebilities to the present design and pro-
viding for the possibly differing speed copabllities of the varlous wits.
The proposed schene is wvery consepvative, in that logic is used to proe
vide proper timing during the ilnpult and outpult ssouences; the loglc could
be gimplified by using the response characteristlics of clreult elements
o provide the desired control.

The mein bulfer elenent between the computer ond its external egulip-
ment le the Input-Output Register, He through Hyo The six flip-flops of
this reglster correespond to the gssmmed muber of channels in the paper
tepe) extension to elght channel tepe Operstion would regulre only thaet
flip=-£flops be added to the Ioput-Oubtpul Register. During input, sigasls
due to the presence of holeg In the chemnels are used o one-set the cor-

responding H filp-Ticps. During outpub, the B flip-flops srye set by the



computer, and drive elther releys or thyrstrons which then sctuste the
Flexowriter Rey mechenion,

The coments below apply 4o the logic assoclated with the timing of
the input and output operstions. The manner ipn which the computer sesiml-
lates input infometion is deseribed in Port L.14, which outlines opere-
tlon during the Fill Siate. The vay thet oubput informstion is provided

is discuseced in Port L.12, uhlch describes the operation of the Print

Camand (008).

Ioput Timing:

During the lmpul process, the presence of g hole in & chennel of
the punched-tepe causes the corresponding T flip-flop o be one-pet. AL
the samme time, o signal from the tape resder sprocket chmmmel (TRP:  Tope
Resder Pulse) 1s used o one-set the I, flip-ilop. The one-state of the

l flip-flop thus indicsbes that an input sipgnal hes been received, butb
that, as yet, the inforsetion has not been assinilaeted into the computer.

The one-gset bepss for E:l and the end stages of the H Regloter are
shown below. Hote that the signsle from the tepe reader are not in
synchronisa for oll chamels, becouse of mecheanicel differvences, and are

also supject to contect bounce translents.

I;p qiy = (mﬁ%}?)?
He:  4b = (Chennel 6)
B: b o= (Chesmel 1)

The lifting of the tepe resder contects to thelr retracted position

¥

ceuses the tewm “}“b to becose true (‘mb impdies the "back” combackts of

the tepe reader, and is fomsed by the series coanection of pwltches, one
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for each chennel, vhich close vhen the resder comtects zve in the ree
tracted position. ?{i%b couldd elso be the single back coantect on the
sprocket cheanviel.). Since TR is true when a1l of the yeafer contects
exre retrocted, this assures thet inpub signels o the H Reglster heve
been teruingted,

Subsequently, flip-flop T is turoed on by the logic showm, and re-
meins on for one word intervel. The one-state of flip-flop I initistes
and controls the actuel transfer of the H Register coutents to the rest

' the camputer (see Part 4.1h4). Also, the true stote of flip-flop I
zero-sets Iys 80 that the lupul sequence cen be initiated bub once pey
input fron the tepe recder. The H Beglster is also serp-set by £lip-
flop I, since the ssoumption is nade heye thet the tepe reader contect
signals cen be used only to one-set the H flig-flops.

Flip-flap I turas on only for allowshle tepe code combinstions.

fhis ellows blank tape, or punched combloetions representing code dew
lete, teb; etc.; to De fed through the tepe resder without affecting the
somputer. None-allowsble combinetions dirvectly zero the H Reglster, singe

Flip-flop I camnot be used in these lustences.

I;p g4y = (TRP)I,
oty = T (IR )Py
Ir Gi= zl(mﬁ){@? ) (Bowable H @m%}im%i&iw}?
ot = TPy
Hg:  ghg = TPy + () (Won-Alloweble H Codes)

The punched-tepe reader cen be ectlvebed elther nenuslly or by the



Topat Comaend (GJ,}} in o progren. Io the latter case, the tepe reader

must contaln the desired bape in resdy position.

Cutput Tining:

During the execubion of the Print Comend (006}, as discussed in
Pert 4,128, the H Pegleter 1s set to the desired cole'comfiguration. The

Fnd~of-Coanend Signel for this comend, szﬁl(c 6)P.,, also triggers the

jl?
punch sad type pechenige ©F the Flexowriter. The ,?Il sad I flilp-flops

are used In the sase momnner &g lun the i;»zya% process, except thet the
signals nov origlnete from the ia e punah %&@m&f“ rother than fron
the tepe reader (hence, TPP and TP, " rether then TRP ead TF } The onge-
stete of the I flip-Ziop wow indlcetes thot the perticular cutpul opere-
tion hes been completed, snd thet the H Reglster is resdy to recelve the
next sigaal, :

The logic below Lo similer Lo thet for the Input Timing, except that
PP end ‘”;',?b are uped. Tern J 1o an edded input Lo the one-set of the I
fllp-flop, so thet the I flip-Tiop will be tumed on during the output

5

process regerdlens of the H Reglster configuretion.

i = (R
oty = T (TR TP

17T AN A Y Sy
1=18,
O gk

4,7 Opersticn During FPheses I end I1:

The phase condition of the coamputer s denoted by flip-flops 152 il
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@ie These serve as o najor timlng control on the internsl operation of
the mechine. Assuzing thet the cosputer is in the sctive conpubabion
state, Teble b illustrotes, very generally, the sequences followed in per-
Torning the various order types. During Pheses I opd IT, the opevation
oi the mechine is independent of the type of oxder; brenching cccurs at
the beglmning of Fhase 1L, uwndeyr control of Eg znd Elg viich dencte the

type of order.

This pert of the thesis describes the operstion during Phases I and

Phase T Operation: Order Search:

During Phase E(ﬁg’ﬂﬁ‘}g the computer searches the dmun menmory for
the order to be execuled. To scoomplish thisg

e %& is one-set at the begimning of each word intervel.

¢

b. The output of the Order Counter (0,) end the signel from the

Bector Address Channeld ($c§ are conpered. If these dlssgree, %& is

ZErG-8at,
c. IF ﬁ@ is true gt P, this indicetes thet the following word-
3
interval is the deslred intervel. The trensition is nede to FPhese IT.

LA - .y - i ¥ LS SA +
w}rcu lkéc =% lﬁg U:i_ & 33”

b = I7 Y] ¢ o R S T P 3 ST
0¥ = Up'Uy (058, + 0y 8 ) (ChyPy o + Chy Py )
Uyt ogm, = U WP

U,' is not required in the ope-set 1o Uy, since this same temm ls later
used to control o brensition from Phose TIT 4o Phase IV efter & guccess-
ful search for an operend.

The tomm Vi in the oas-set of E@ genotes that the computer is in the



gcbive computational stote; this permits the machine to execubte the
search and consecuently o progress oub of Famse I,

The Ch, tern in the zero-set of W, indicates that the desired in-
struction is in Channel O, the elght-word loop. For Chg, the sector com-
parison needs to extend only over the interval P§”73 sluce the loop con~
tente are mumbered modulo-elght; for ail other chennels, the entire
sector address Interval, ?12”7, is required.

ﬁﬁg and Chﬁ‘ sre derived from the setting of the Channel Select
Register, Cé through Cl’ thch stores the code representing the deslred
chennel. During Phese I, Gé through Cl sauple the channel poriion of
the address stored in the Ovder Counter. The Dirst possible search is
delayed for one word interval by sebiing wé to the zero-state just be-
fore the computer enters Phese I (the logic is not shown here). Hence,
%& cannot be ope-get wptil one word interval haos elapsed during Phese I,
engbling C, through C, to obtein the proper chennel code. (The chennel
value is important durlng the sector search only to differentlete be-

tween the short-loop charmel end the other channels.)

7 ry

During Phase I, 96 through Gl are connected a8 a shift register.
Only the end stages are shown here. After transition to Phase II, the
chennel address combents ere fropen 1o conbrol the sctual trensfer of

the word from maln menory.

] 5 s ] & W
Cgt 1% = YUy 'CoFipy
= i1 ¥YIT t
0% = Up'Uy 05 Pigy
©f 1% 7 UGy
o iR
0% = Yy Ca'Pg g



Phose 1T Operstion: Preperotlion for Order Execube:

During Phese II (82? l)’ which is true only for one word intervel,
the following operations ocour:

a. The contente of the Order Counmter are incressed by one, wder
commend of © e

b. The selected instruction word is transferred from the memory o
the Address Reglster or M Reglster.

c. The Dits in positions ?&/ through P P19 of the selected order word
are transferred into flip-flops Q%Q3“2§1 &ngqsl respectively. In the
event that the iagiructlon is & Type I order, the contents of 8 vepre-

ent the desired Type I commend. I the instruction 1s Type IV, then §

i 8 will contain the Arxithmetic Micro-Commend and Control Moro-{ome-

e

nand respectively.

1. The bites in positions ?q* through P 19 of the selected instruce
tion word sre stored in the Y Reglster, Whiﬂh,ﬁcleehu the read-out row
fran the core storege fecility. Hence, should the selected lustruction
be elther Type I or TIL, the proper cove sddress ies avalleble.

e. Uhe contents of positions FE@ and ?ﬂ? are stored in T and ?1.
These denote the Order Type

e %é is set to zero except for Type IV orders (see comment in the

section describing Tvpe IV).

4 @ = F H Fa N1 K oy
Oy 104 = Uy l(@ggg + 0, oO}
- 1T i1 : : ¥
0°3 = U,'U (QGGG + 0, 0 )
S . . 'r 54 7
Ogt lDC: J Y ?}1

= I OO R
0% = Ua V1Y % Fig.7
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Flip-flops SB.“#KZE““Z’QJ.‘% 5.8.8, ere comected as o continuous shift

reglister, where the output from the Grum, W, enters Tl and 1s shifted to

a3

the right. T, is included in the shift chaeln, since this ensbles the use
of imterval ?Z’?‘m@ s allowing simpler mechenizetion of the shifé interval.

Only the flip-flops ‘3‘31 » a?;?%;, and Eil are shown below:

g . g .5
11,1 = {32 “ﬁl*éé?

)
NE

¥
B
=
]
=
b
3

&

i & o U = T &
= 15 2 V117270

m
“
=
i
o
&

Y7 through ‘fgl ; wirleh comprise the Row Select Reglster for the core

menoyy, ere connected here as o shift register, with the informstion

s}

fran W entering ‘}f? end then shifted to the right. Only the end steges,

Y”j and Yl are noted here:

2 9" Fas0

k4
= 3

o
i
§

& - o T i7
L0 qyy = Up'UYPos o
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‘i’g, woom 341 F???ab’i?i”}
sf‘Go i}‘ﬂ: = ﬁg 51(4,2 =5 1 )3;31

i?? 1He = %2 ’Ul.?gl

The ehift inteyvals Loy the @, 8, and ¥ flip-flops are longer than the
intervels during which velid information is avelleble, bul since only
the final values reneinlng in these flip-flope are of conseguence, the
widey shift intervals were used to ensble slightly simpler logic. ‘:i’fg
is propexly set, since the finel Eg ‘ﬁl* conditlon oceurs &b ?38’ the
recuired semple tilme.

The transition is nade to elther Phese IIT or Phese IV, depending
upon the order type {(these veristions ere described in later sections).
i&’? is always set to the one-stete at the end of Fhase II, since this

a0

provides for elther possibility.

w«

L.8 Operation During Phases IIY end IV: Type I Order:

E

If, et the end of Phese 11, Order Type flip-flops heve the cone
flowretion ‘Zi’*g*i*li s this denotes thet a Type I Order is to be exgpouted.
The contents of Saﬁsﬁgﬂl are to be interpreted as & camend. (Driver ¢
causes the machine to interpret the comtents of £ g8 o comend code.)
The following pexts discuss the internel evenis occurring during Pheses
ITT and IV for o Type T Order.

Genereldly, the asctusl execution of ¢ commend occurs Qurlng Phese IV.

Phose IIT is primerily comcermed 1) with modifying the contents of the



N 7y

ded, by «dding the B Feglster contents,

Address Peglster, 1T so coumen

&
and 2) with searching the memory should sp operend be required.

Phase ITI: (Type 1):
uring end after enfey iunto

nase 11T (U, My ') the mwmg OpETa-
tlione are performed:
added to the com~

a. I the contents of the B Regleter are 4o be
tents of the Address Fegister, the sddition ocours during the Dirst word

Interval of Fhese IXI, wder comend of {)Q. % is cng-set by the B-bilt
cods in ?ﬁ
b. The Chamel Select Reglster, Cg thn

of the Address Reglster.
t,‘;‘ i:l

; recelives the

ande requiring & memory sesrch for the opevend csuse W, to
(%ﬁ} and the

be ong-ueb. %é’ﬂ is wsed 0 coupare the Bector Codes Chennel
it 48 required, sven vwith o B sodification,

si miivess be svalleble for a word cycle befove ‘i«?ﬁ
iz one-pat, to prevent loproper search due 40 & residusl value in i‘:ié

rough € - By censing %ﬁa t0 be la the zero-sbete upon entyy inte

¢ I1I, oo eztamble ove-word delay occurs before 1t cam be turned
s o B modification eyele causes an additicnsl word delpy, since @%f
ig imeluded in the onewset of %é{:.

d. I¥ %B’ﬁ remains on at 2?31, inddegbing thet the following secbor
word ig the desired one, the transition fyom Phese TIT Yo Phase IV ooours.

# Commends 013, Olk, and 015 do not use the Fhase IIT intervel, md

could eoncelvebly skip divectly from Fhase II o Phese Emmr, it
is conwvenlent to heve the machine proceed through sll pheses lu sequence,
pince leter descriptions shov thet & comund, vben execouted during &
Type IT ovder, alweys sterts in Fhase IIY.
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e. Depending upon the perbicvlar command, verious other events
& & ¥

teke place during Phase I1I. These ave discussed later with the specific

seqguences sgsoglated with esch commend.

QJ

Ay N o Py s N T " . WO o 7
Moy 48 = U, ?j OC(EQ -% K+ 1\(}1 + Gﬁj{) &4 BG‘,%K)P

0 (BME' +BM K+ BUME + BN KDP
( 0™ o' ¢ 0 0 00 )Py

o3 T (Jl

N e o 7T OTT VR W3
X3 325. = 15U, 'B..P %“7

+ Gy "0, (Q.Lw,} {018) Py

%’36 through €, are comnected og 2 shilt reglster, with the Address
N .

2

Fegioter oubput {-i ) eatering Cg and then shifted to the right. Only

the end stegesn are shown belov.

€ ¢ = U0, 1P

& 176 271 T0T 187
cro= U0 M P .
o0 2V 107

Woe 1V, = U, (002 + 003 + OOk + 005 + 007 + 008 + 010 + “*3*1)6 P

+ .8 P o + Ch P,
P 1y "8 ) (P o + G Py p q)

Upt gy = U’l*é{f,zﬁﬁl + Gﬁl’ii}{}iﬁ'* + 013 + 01k + 6315)?31

P31
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The zeroe-set term for B causes transition from Phase I to Phase
171, since U, 15 simultencously set %0 the cne-stebe. (For Type IV
orders, the zero-set for ‘i?l is ineffective, causing & direct transiiion
from Phese IT to Phase IV, This is discussed later.)
The sdder luput to E‘“‘,l, genersbes the sum of the B Reglster output
(B.) and the Addrese Reglsiter output (wo, whenever Ge is true. The addi-

tion tekes plece during 1&,7’ the sddress igtervel. For clock times

as the Tinsl setting of M., is written into the Address

R ¢
3

greater than Pl
Fegloter, but does 0o harm.

The carry flip-flop K is time-shared snd 1o also used for other
addition operstions. ¥ is always zero ab the beginning of sn eddition
cycle.

The B bit, which occcurs in the msd position of the order ia the

The

I ]
e
L4

Mdress Begister, cauges 0 to be one-set ot entyry into Phase I
St

2

term ‘3{' Y ogllows B edditlion only for Type I end IIT operstion; Type II
hes a B eddition opergtion only 18 o commend 1 execubed.

The zero-set of O, hes the tewn ﬁg’ifi(ﬁvii}* + T,) to insure that C,
is zero in Phase IIT except for the B oddition case. lNote that the
opergtlon of adding one to the Ovder Counter during Phase 1T normally
LETOS @C s except when the Order Counter conbente sre 11111,

The second term in the zero-sed 1o GC CEuBes Gc: o be set to zero
after one word cycle in Phese I1X except for comaonds 013 and 015.
{(Leter descriptlons show that these two comends reguire O, o be in the
one-state vhen nsking the trensition to Phase IV.)

Flip«flops C. through Cl recelive the chennel eddress from the Address

Register, and sre subseguently frozen during Phase IV when sctual chennel

selection occurs.
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The series of eaﬁmanés% in the one-set to wé represent those which
regquire o memory search. The comparison of FQ and Se extends over a
shorter intervel for the short loop (Chemnel O}, bubt encompasses the en-
tire sector address (P »7’ for all other channels. When o successful
search ensues, as denoted by %@?Blﬁ the logic in the one-set of Ui causes
the transition from Phagse III to Phase IV.

For non-search comuands 013, 01k, and 015, l is sutomaticelly one-
get after one word-cycle of Phase IIT. For the Print Commend, 006, the
computer cennot proceed to Phase IV wmless J i in the zero-siate {sece

detalls of commend 008).

Phese IV: (Type I):

Details of the wochine operation during the Pheose IV interval are
better described vhen the individwal caomends sre disoussed, since the
internal sequences sre direct functions of the various commands. The
conpletion of each cumand sequence generesites en “end-of-commend” signal,
causing the computer to return to Phese I and begin the sesych for the
next order. The end-of-comsend” signals are included with the descripe
tione of the individuel command seguences.

Flip-flop W, is zero-set during Phese IV, so that it is zero a

entry 1nto Phase I.

] e s . 3
K‘C‘: : o W, 53’?33} CP

31

*  Commond codes ere represented by the configuretion of the 8 flip-flops,
mattiplied by ue:x (. ¢ is the output of the Camand Execute driver, and
is true for Type I ovders, and for the "Hon-Micro-Mode” operation Qf 8
Type IT order.



4.9 Operation During Phases III and IV: Type II Order:

-

The operation of the computer during Fhases IIT and IV for e Type
IT order ieg closely relsted to the operation of the core facllity. As

e result of the FPhase I ond II sequences, the Row Select Register, Y.
{

through Yl’ conteins the address of the row from which the first micro-
order is to be read. IT there is an operand address ipvolved, the

o

ddress 1l already present in the Address Register, still subject to a

jul

3 me o a %’
possible modificstion by the B Reglster.

Miero-orders, read oubt from the cove storage et word intervals, asre
executed during Phese IV. Deballs of the logic for the iundividusl nicro-
conmands ere described leter (Part 5.13). The descriptions aﬁcém@aﬂyimg
this section concern themselves with the following srees: 1) the trensi-
tion inte the Miecro-lode” phase, Ll.e., ﬁh@‘iﬁ@@fval during which micro-
comends ere executed, 2) the return to Phese I vhen the &e@ir&é‘miero~

3

routine is finlshed, 3) the trensition to a pseudo Type I operation,
i,

vwhenever 1t is required o execute a command from the core, 4} the

return transition to 'Micro-Mode” alter perforning & Type I commend from

the core.

Previcus coments on the opersticon of the cors storage have indicsied
the following timing in the operation of this memory. VWhenever E%Tg’ is
true, the contents of o rovw, selected by Y? through *l’ are resd oubt from
the core ot PS&’ Hence, the bits stored in the selected row are svalle

eble Tor use during the entire subsecuent word intervel. AL P, . of the
* 15

¥ The Address Reglster Contents sre assoclated with the execution of
commends, not nicro-camends, and thervefore are ppplicsble only to the
execution of o comend from the core.

# Comonds 009 end 012 should not be cobteined from the core memory.
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A%

word iﬁﬁerval impediotely following the reede-cut, the row conlenis are

regenerated, since the ssoumptlion is nede that destructive read-out pro-
cesses are used. AT ?3§3 the Y Begister either advences by o count, or,
for & condltionel trensfer, recelves certaln diglts. ﬁ&e net eff&ét ig
that at the following ?33 tine, Y7 through Yl contain the nev address of
the row to be read out. (Exseyﬁ for the ?31 regulrenent on the resd-out

time, the other pulse times sxe arblirary, s long as regeneration occurs

before modification of the Y coutents.)

Wormgl Transition from Phese IT to IIL to IV: (Type II):

At the end of Phsse II, the Rov Select Register (Y? through Yi) QOn~
teins the order diglits stored in positions P2§“19. The Order Type fiipe
flops are in state ?ZiTl. The mechine enters Phase ITI for one words
vime, and then enters Phase IV,

8. & btrensition frowm ﬁg‘ﬁl to ﬁéﬁl’? and subseguently o 6261;
OCCULS o

B ﬂm is one-pet ab ?Sﬁﬁg* 4 &8O thet it will be true ot PBl Just
before entry into Phese IV, eunsbling resd-out. Therefore, the first

word-time in Phase IV is svallable for computation. Hobte that the

original Y Register setbting is used for the inltial resd-out, since ﬁ&

ig one-get late encugh not Lo affect the coutente of the Y Regleter for

the first read-out cycle.
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- in the one-set of M _prevents e spurious turn-on of

e tern X L

-
Lo

e

zzu vhen the computey is in FPhese III, Type II, but ig executing a come
mend. The use of E{l 3 will be made gpparent later vhen the operstion of
o comend execulted from core is described.

Wc iz turned on Just before entry into Phase IV, and is continually
one-set ot PSE. during the Hlero-Mode Interval. This allows proper execu~
tion of Arithmetic Micro~Comasnd 101,

The driver term G implies Phase IV operstion for Types II snd IV
A2,

and delines the intervel during which micro-comusnds are performed. Gm
causes the contents of the ¢ end 8§ flip-flops to be lnterpreted as

mlerd=-commends

Return to Paese I: (Type II):

Except for the case where a comand is executed fron the core (the
logic for which is described later), the computer obialns micro-orders
Trom the core menmory, one per word-time, and execubes them. Yo temudnsie
e alero-routine, the Control Micro-Comend 201, titled "Return to Main
Comtrol”™, 18 used.

Logicel eguations which apply to the return +o mein control (or,
return to Phese I) are noted below:

a. The code for micro~commend 201 1s sensed at ?31 and causes ‘{32‘{}1
to change to S“g?iilf.

b. Simultenecusly, O e is turned on.

Co AL Pig of the following word interval, Qc causes %fzm to be



turned oif.

d. W ig set by wicro-command 201 so thet 1t is zero st entry lnto

Phose I,

pisia
ot
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The code vhich corresponds to Control Mlero-Commend 201 iﬁ part of
o regd-out from the cove occurying ot Pglo However, since 201 1s not
sensed until the following P, , all of the codes conteined in the same
wicro-order as 201 sre acted upon. At ?%l of the finel word ioterval
in mlero-node, Qgﬁz is changed to Ué'“iﬁe Therefore, slthough ﬁm g

gtill true, no sction is token wupon the finel reod-out (the word follow-

vle

ing the micro-order contoining 201), since the transition from Phegse IV

to Phase I has coused & to become false.
bl

?16 of the following word. This in-

sures thet the {finsl read-out from the core, aithough not used for the
mnicro-voutine, ig regenerveted, preventing the loss of this informstion.
Oc does not have & serc-set, and conseguently vemsing on into the subge-

quent Phese I intervel. However, this does not do any harm.

Coampend Executlon Dnaving Type I1:

The execution of o commend frow s Type IT ovder is initlated by the

presence of a 507 code in the Eﬁ Control Code sesction of & nicro-order in



w L3 .
the core. This code indicetes that the nicro-order next obitained from
the core 1s to be ilnterpreted, not as a cambination of micro-commends,
but rather, as a comaand, such as occuxs during Type I orders. The 507
code ls literally to be interpreted as "the next read-out from the core
ig to be comsldered as a commend, not a micro-order’. (The appearsence of
o comend code stored in the core i1s showa in Figure 4.)

The Tollowlng seguence ensues. The computer reburns to Phase III,
ané?%n is set to the zero-stote. Thereelter, all operstions are identi-
cal to those vhich occur during Phases IIT end IV for a Typa I order,
except that at the campletion of the coumand, tﬁe comprter returm@,‘noﬁ
to Phase I as would be the case for a Type I order, but to the Micro-
Mode. During the execution of & Type IT order, the conpuber can revert
to Phese I only by executing the 201 milcro-commend previously described.

At ?31’ sssune thet e micro~order conteining the code 507 has been
obtained from the core. By means of logic not described here (the equa~
tions are described leoter in Pert 4.13), %13 is wade to be true st ?31
of the followlng word cycle. This indicetes that the configuration

being read from the core at thet time represents a comsand. Heace, the

following occurs:

s

gﬁ is set to zero st ?31.

b. Simultancously, U, makes the transition to UL ', so that
I2 Vet 2’1’

4
.

the machine will be in Phase IIT,

¢, Ii 2 B Register modificetion of the Address Register contents
is to be mnede, a one-blt will be present in the PZS position of the word
conteining the commend code. {This is ecuiveolent to the code for

Arithwetie Micro-Cammend 101.) This core output is Genoted by Zogs and

[N

s used to one-set GC at ?31. Othervise, 0@ remging in the zero-state



T

resulting Trom Phaose I,

d. The inclusion of & code bit in the core position corresponding
o flip-flop 3 A,lﬂ insures that .1” remeding on dading the yesdeoub of the
aicro-order conteining the commend code, This prevents s M, from turning
on durdng the Phese IIT intervel sssocleted with commend execution.

ch Xl% is gero-set during FPhaose IV, so thet, ot the subsequent ree
turn to Hicro-Mode operstlon, Kj‘g’ will allow ‘%?Q o be one-set.

£ %\?{3 is zevo-set to duplicate the normel entry into FPhese TIT for
5 Tywpe I order.

gt gy = R0 0N M3 ® gy

Bacept for flip-flops ‘:sz and ‘}fl 5 the machine is in exectly the in-

temmel condition which occurs ot the transitlion into Phese IXI during o
Type I order. Therefore, coments describing Fhase ITIT snd IV operation
of a Type I order sve gppliceble.

As before; :3@ controls the B addition. Flip-flope S@ESESL combain
the code designeting the desired commend., If an opersnd is reguired, *i;he‘

eddress is specilied by the exmisting coutents of the Address Reglster;

the commend fram core does not caryy an oddress.



The mlero-order combaining the commend oode hag not yet been roe-

ponerated, because &&

was zevo-set @t ?33» » the resd-oult time. Iowever,
regeuneratlon occcurs vhen the computer finishes executing the commend,
end returns o Micro-Mode opersition.

To returpn 1o the Micro«-Mode gtete efter elpcouting e commend from
core, the following events must occur:

a. fhe various "End-of-Comnend” signels essocisted with the sepa~
rabe comends are used o st 3%3 o the aw-gtabe ab ;?31

e TiI, rather then

e

be Simulitaneously, the cogputer rebturas to Ph

L]

to Fhase I as woudd Lo the cose v s Type I oxder. This is scoomplished

hy ceusing ‘233‘ to be zero-set by the "End-of-Coamend” sipnesls, independent
of order type, but by allowlng "i;‘g to be set to sero only for a Type I

CrEeTe

~ G7,[002 + 003 + (00k + 005)H, ' + 006 + 007 + 008

o

oo
h
wa
2
=4
I3
£

da

+ 010 + 011 + @13{9@ : %;-’c} + Ol + am}%;iz?ﬁ

;_?j’ o i = i}%’l 5{ 1t 23 }% Fr»}.%

g%

(The ditto merks in the brockets vepresent the seane series of comend

codes as in lmm")

When rebwming o Mlero-lode operation, %m is bturned on ob ?31 and

hence Ls true at 2, 5 couging regenerstion of the inforastion read out =t
1 ‘
P, Just prior to transition into the Hon-Mlcro-Hode” copdition. There-
o

fore, although the digression to perforn o camend from core mey heove

imposed o lengthy deley between reed-out at P, and regenerstion at sone
£ 5 v 1

23



later, no infomsstion has besn lost frog the core.

Since the compuber is initislly seb to Fhese ITI, ¥ alone does oot
e o # e

yet ellov the caspuier to operate in the mlorco-nole. The Row Select

deglster 1o advenced ot Pog, read-out occurs ab ?S’ﬁ.? enG simultoncously,
whe computer 18 placed into Passe IV.

operation proceeds.

L.10 Operetion During Pheses IIT and IV: Type IIT Qwder:

e perfomence of s Type LT order causes o direct tronsfer of in-
Fommetion from the drun o The cove memory. At the begloning of Hese
IYE, the Address Reglster contalns the oldress specifying the stert of
information plck-up from the drm, vhile the Rov Select Reglster, Esf,?,
through Y5 holds the code corvesponding to the initisl row of the core
gtorege into vhich the infometion is to be placed.

During FPhese IIL, a nenory sesych is conducted to find the drum

nformation; vhen the search is successiul, the mechine chenges to Phase

i,vba

IV, end the informebion trensfer ensues. The Bow Select Reglster in
sdvenced euch word intervel as succeeding worde fran the drun pemory are
readl into the core facllity. 4An "End-of-Trensfer” code terninetes the

procedure, and the mechine returns to Phese 1.

Phese LT (Tyove ITI):

in Phese ITI, the following operatiouns sre vequlred:
&s IT 2 B modification of the Addvess Register is o be umede, O is
set o the one-gtste b the {ransition Prom Phese 711 4o Passe IIT. This

ig idewbiead to the procedure followed for Type I ovders. O iz then



gero-get aiter one ; ::c. gycle.
be W, ls ogaln used 10 conpare the arm‘é{;mg of the Adross Reglater
e

{3‘%) méd the Sector code {53@) o AL comments which spply to the seerch

-~

procedure during Passe I1Y for a Type I order epply here, elso.

ek bede i

€
@

When the secxch is successful;, s denoted by %5{3?;& during Fhasge

11T, the transition to Fhese IV iz made.

Op8 39 = Up'UyT HyPoy

- o
0, = U0 TP Py

oo TT WU P e
Iy ie lf&“&c:ﬁ-

4

Uy {%QSQ » 1. '8 J{(Ch.P,

i,?i: 1% w’i'ﬁ“}. W ?ﬁ.

imformetion is written into the core during Fhespe IV. ‘The discus-
gion belov swmerizes e fessible method.

@ The Phase IV condition, U,U;, csuses informetion Lrom the
£

selocted menory chennel 1o be fed into o shiflt register. Thie regleler

cen use sither the somue oy siniler unlis ss used f0r regeneratlon storege

during Type I orders. The loglec iz not shown Lere.

® 3 owemey el el gade  momeegd 8 wode g £ THampiss 7Y
be ¥ ip onoe-sel ot P Py of the firet word luvervel of Fhese IV,
aid

2

ie€ey at the end ol the first word lwtervel.

3 2o s 2 3.

cs Informebion is written into the core et 17,

Y L. T 5 £ = e Tagmewd orde s = R G D
. Az before, Iy, cousen the Row Select Reglster; g? = K., TO be

advenced 5t Poo Indy the end steges are shown hers.

@
[ E N 8:{:5

G The Bad-ofTronsfer” cofe bit, vwhich 1o in the msd posliion of



« 53 «
the final word to be stored into the core, ceuses O o e onee-set ob
e
2933_.
£, Simultenecusly, the "End~of-Transfer” signel ceuses the treasi-

from Phase IV to FPhase 1.

t«i«.
g\.
&

g Efé’ﬁ is zero-set by the "Bnd-of-Transfer” code for proper entry
into Phase I.

Tio u:’ nowever, rensing on for two clock-tlumes, snd 1s zerco-set ab

}‘?’l by Gga

3T M~
ili, = ...)J.l ;b? E} ?@:;L

Y., .{y‘,ma; y”f'ﬁfl"ﬁiw

aF
7 2"1 28

$ 3 o= T WP
Qc 1% TZ 1 V1% izb:>§.
Y u = 71}

Yot glp ™ tohy W
Vo oWy = T U R

U & I A WD
= T T UM WP,
271 PmoTx

Singe iﬂ 15 not one-set until the end of the first word-interval
in Phase IV, no inforustion is written into the core, nor is the count

* the Fowv Belect Hegister advanced, until the first word has been



Obteined fron the dran memory.

In the tremsition beck to Phase I, ¢ is used to delay the gero-set
* 3

o5
v

2

of *% N long eoough o ensble the cove o receive the finsl word of the
serles. O, remalns on, imto Phase I, but this is not hereful. {The so-
£, el e

guence here ls very similer to thet iovolved in reburaing to Pasge I ot

the end of "Micro-iode ', Type II.)

k.11 Operation During Fheses IIT and IV: Type IV Oxder:

In perfoming o Type IV order, the coupubteyr enters the Micro-Mode
Tor one word-intervel, so that the codes obbteined froun the drmum menory
during Phese IT end pleced into the § end 8 f&i;g,}m flop regloters are
igterpreted as Avithmetlc and Control micyo-commands. Welther s sesrch
of the dyun for operoands, nor reference to the core memory, ave regqulred.

2. The couputer skips Phase IIT entirely, and proceeds directly
from Phese IT to Phose IV.

b, Bimultaneously, i, is one-set.

G Both Phege IV and ?x%ﬁ remain true for one word intervel, so thet
the micro-comnends represented by 4 snd 8 con be executed.

tgﬂ is zerd-set ot the end of Phesae IV.

k4 Iy 4% e ¢
62, 1% ﬁg 1313331

#

\}J‘ &“:a‘ A.g.&ﬁ‘

[ay]

i
b
o

o T Metetm



To ensble the proper execublon of Arithmeltdc Micro-Commend 101, it
¥4

is necessary fop ‘5%8 to be ln the one-stete upon entry into Phese IV,

This is provided subonsticelly, since W f:a?;}. causes the transition from

4

Phgse T o Phase I1, ond no zero-cet signels intervene thereafier.

The signals essocloted with the operelion of the core sborsge sre

Y
s

"y Thereforve, the ons-gtote of M during Pype IV operstion

% i U §
BHO." or ¥ .

i T
i1 Y fi:
leaves the core uneffected.
o122 Description of Coamend Sequences:

The following describes the loglcel equeticne vhich represent oone

wring the execution of the verlious comends. With the

£

pater operation
exception of the Input and Helt Commends (009 snd 012), o1l compends
can be executed by elther Type I or Type II orders. (009 and 012 erve
restricted to Type I orders.) |

Previous sections heove sumerized the operetion of the coaputer

Gurlng Pheses T and I {Port L.7), ond the B nodification end memory

e

secych procedure Guring Phese IIT (Port 4.8). The following comments

are primerily concerned with operstions which follow {the memory search.

)

When no such search i reguired, this will be nobed.

Store A in Mewmory Positlon my {002): A m; Vhen the memory sesrch is

suceessful, the machine switches to Fhoge IV, Phese IV is btrue for one

wor-intervael. During this intervel, the coptents of the A Reglster ayve

% Recall that comends which vequire o memory search were ilneluded in
the one-set loglc for %~3’c¢ A& succesgiul seerch couses the compuber o
wroceed from Phese IIT to Phese IV.



by

Ced dnto ¥ o whers {%m represents the memory wrilte flip-flop for chene
foy Wi

5

nel n. Choonel u 1o chosen by the Chamnel Belect Reglster, C. through
Sl

i

.o The chamel selectlon logic, fﬁ{% - Sii,} » represents the output of

LN P n o S PP [T EE S o B v s P 4 2 - o %, o W ot 3
either o meliviz or loglicel gotes, znd is aot showa in detell.

s . £
1 o= £ {C.
i} 3w 0o oW

B
51
By

- ¢, }«z:f%};(@@zam@

=
#

o

F {0 - T {ODPIA 8

4
O
b
3

g
&
B
a
2
b
i

= ﬁﬁliﬁﬁﬁ}éﬂﬁ

oo , 2 o gy e e w2 o B B v a e TP I SR URN. § X S ) B el v o g
Trangfer the Contents of Memory Position m %o the D Resister: (003):

KD wmr Voen the memory gesych is succesaful, switceh Ifrow Phase ITI 4o

Y

Poose IV. Phase IV 1s true for one word-interval. &31,; the D Reglster

write flip-flop, receives the output of the selected memory chennel,

Q:\ﬂﬁpz lgfﬁl e fsﬁl(ﬁ{}g}ﬁ

ol = GU(003)W

Bodeof=Commond Slepal = {5{71(&{)3)%3%&

The berm W in the lmput to D, represents, ss before, the oulput
of the penory chenmel selected by the Chennel Belect Register.

Tronsfer to the Short Ioops (00h): M8 m:  The exeoution of this commend

couses the contents of elght words from the mein drun memory to be trans-

ferred Lo the elght-vword loop, Chamuel 0, The plck-up storts ab oddress

B

m, and sutasetically temuinetes elght words loter.

o

o perfora this comends
o 2 T g o s % 2 n oy 3 e s gl 5%y g e v e P T o = nsn
te A5 before, J‘L is uged to searceh the drwn during Phese III, end

causes o tramslition to Phese IV vhen the proper sddress is found,



o BT .

e Flip-flops }?zf’%;i ,;,,i, monitor the transfer end teyninste the proe

cepe glfter elght words hove been transferred. Yo scceonplish this, flip-
flops W, ;s are frot set to the configuraition 1110 Guring Phese IIL.
o. During Phoge IV, vhen the actual trensler tronsplres; the fouy
I flip-flops sre decreaped in count by one, at esch ?31
de WUhen 2%“? C is true, denotlng thet eight word-intervals have

ensued, the process is leywinabed.

o = (0&&)%'%;}:@ Py
Y . ¥ = 091 {onhye
zig, 13 i {%&)&:ﬁ

e
i

i 97 I G
%K{ui}i%}ﬁg N, Py

i

g0, = OUp (00k)H, W, Py + GU, ' (004)P

£
§

= Gt (QOM)H I, © Py

o, {m Af Po

vt Y

B
b
.

#

= G, {00k )3 1Poy + GU f{%@a};@ﬁ

s
ot
i

Hoat 3B = @fﬁl(@i}@)%?
- ;’A‘rj? " 4 Al
oo nﬁi€m}$;

22
%

End-of-Comand Slanal

2 i%ﬁl({f‘i}&}%’z% Py

Hote thet the higher stoges of the 35; - Z‘s?:i coupter 40 not have thoe
proper loglc for o complete cycling-subtrect counter. Since only the

oy

gero-gtate of g}’ ig of significence, no hewm resulls, end sase logle is



elindnntbed.

Troncfer from the fhort Loop: (005): S w: Comeend 005 causes th

3,

eight~word contents of the short loop, Chamwl 0, to be transferved o
the wmein menory, sterting ab positlon m. The tindng for this commend
ig ldenticsel with thet cbove; the only difference liee in the direction
o translier. The logleal equations for flip-ilops E%’% through E‘%i will
not be repeated; the only chenge recuired is to substlbubte the coden

representing {00k + 00%) ia place of (004) alone,

i

M ¥ 0, - O3 (O ;i
Hgat l:l,&‘% "‘3&({3{3 i}ﬁﬁi(@iﬁﬁ}%ﬁﬁ

i

o fﬁ((ﬁé o {:1}@31(@35)3%3

i

End-of-Comnend Signal = GU, (005)N, Py

Az before, z&m represents the wylte ﬂlﬁ;;g:«f@azs for Chennel n, where
Chennel n 18 chosen by the Chenmel Select Reglster, Cg through C,. %he
tern fﬁ((’:‘ 6= S ) ie agaln the output of o matriz or logical gotes, and
selects the particular chamel to receive the output of the short loop
chonmeld.

Primt:  (000): BT m: The Print commend couses the Flewowriter to prind

the syubol corresponding o the most slgnificent six bilnery dleite of
the sddress socompenying this commend, This comend inltietes the
external typlag operotion, bult once this is dome, the conpuber ig eble
wo perfora other comends even though the externsl tyving operction hos
not been coupleted. However, ghould s Print operation be comanded
before the Flexowriter has finiched processing the previous output code,
the computer wlll rencin 1dle until the Flemowriter is cepeble of sccepbe

ing the pevw outpuat.



o memcry sesrych i required for this comend. %he cospuber nopre

melly vemeins in Phese ITT for one word-imtervel ounly. Ho operabions
oceury durlng Phese I

2. Phase IV ip truc for one word laotervel, During this tine, the

L]
six most significent bite of the Address Reglster combeunts {(in the aid-

e

resp position) ere shifted into the Input-Output Register, H. through
b. At the end of Phese IV, an imberlock flip-flop J is set to the
one-ghate. The use of the flip-flop 18 seperetely deseribed bssslw.

c. Alsc et the end of Phese 1V, the Fnd-of-Comend siganl ceuses

the Flexowrlier to type the symbol corrvesponding to the conbtents of the

o wm

g Begister.
e Inpub-Oubpat Regloter, 2%.) tavough L, 1o conpeoted e e shild
regloter, with 5,§, vecelving the output of the Address Register. Oaly

the tun end steges eve abown here.
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which the § fip-flops roced



o Y
infornatica iz shown as ‘?lgj 7° The sctuel ioterval required is P P18. 19

but since ?13 ~ 18 edready evelleble es g dyiver cubput, the exbension
Tl |

of the intervel doen no hord.

The her IF% indicebes the completion of the externsl Flezowrlter

aotion end ilncludes sulieble deley termas o insure thet the Flexowrlier

ig indeed ready 10 receive further infowmstion. e loglc for the I

t@

lip-flon is not descyribed here; 1t i discussed in Port 4.6 and Paxt
hodl (F13L Stete).

Onee the Flexowriter operotion hos been dnditisited by the 006 Print
commend, the conputer i fxee to perform noy of the other comnands o

micro-comeands, except that J repeins on unbil the Flexowriter tyge

"}

operation 15 completed. Should another Print Coawend be called forth,

o

the compuber proceeds as follows:

EA

wogte

. The computer goes from Phase 11 4o Phese ITT but remains in
the Phase 01 comddtlon s long o8 J rensing on.

be Vhen the Flexowriter finishes its operetion, J is sero-set by
Eﬁ?:ﬁ » enebling the computer to proceed to Fhsse IV, Thepresafter, the

operetlon ie ag described sbove.

[N W, = U, L P
< s ‘ﬁw

i 2 2

#

Gu, * {coB)s Py

oI N

x*';fo?‘l & (in o &lt}ggrgl?wﬂ_

Endeof-Comend Slgel = G, (%5)§ﬁ
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Portisl Substitute: (007): P8 m: 'The execution of the Partisl Sube

sbitute commend couses the bits in the address section of the word in
the A Degleter to be substltuted into the corresponding section of the
word Lo popition o of the nemory. The nost direct way to sceomplish this
ig to conduct o menory se ’éz for position n,; and then to trensfer the A
Degloter comtents into w for the intervel defining the sddvess section.
IT there sre objections o writing on the memory for pertisl word
intervels, an alternate nethod would be to plck-up the selected word
Tran menory, superdmpose it onto the existing A Reglster coutents, and
then re-write the wodified word back into the memory. The re-wriitlog of
Informetion into the menory is esslly accompdished by reburning to Fhase

#

1T end chenging the configurstion of the 4 Deglster, which stores the
command code; so thet the couputer peyfommes commend 0082, 84 n.

The sequence below descrdbes the fowmer, simpler method, since this
appears Lo be ssbtisfectory.

The conputer proceeds through o seorch of the menory during Phese
£IT, as previously described. When the seorch is successful, the coue
puter gm feom Phase IIT to Fhose IV. The mechivoe remeins in Fhese IV

Tor one word dntervel only.
Durlng Phose IV, the contents of the A Reglster during P BT are
wrivten into the sclected memoyy word position.

Happb g8y = £,(Cg = €000 (00N 4Py o
g T faigf €y mﬂ {007) 4 % ?3,,53«‘?
End-of-Comand Signal = @ﬁl(ﬁﬁ?ﬁ?ﬁ

Extrect: (008}: EXP m: The Extrect commend couses the contents of the




w 08 «
& Repleter to be evased, exoept vhere there eve one-bits present in the
coptents of position m in the memory. Afber a sesrch during Pasee III
Por the word in pogition m, the computer switches o Phase IV. During
Phese IV, the coutents of the A Regleter are modified in the weuner shown

bolow.

By @'533_{@@831&0

Aoy = GUL(008)(W' + A
Fod-of-Camand Siguel = G, (008)Py

Ioputs  (009): IH: Uhe Ynput commend couset the coupuber to revert to

5,

O e A L
the Tdle Shate

s

{"a"?}. ‘Y oo thet compubetion cesses, mad also supplies aun

extermel signel which sterts the punched-teps reader.

. R S — 2 b e LT . 4 "
2.  The computer ressing in Fhose IIX for one word Interval, end

&

then reverts to Passe L.

2]

b, &b the end of Phese ITI, V., aud V, ere zero-get to the Idle
L i

Wt o

kv

State {kg vy Ve

¢o The End-of-Coomond signel, GT, *f&@?}?%; ig sleo the signel

to start the puaached-tope reader.

Y oV = @T}.’(&f}@)yﬁ

Upe g, = 07y (009)P
St

fndeof-Comand Slgnel = O, ‘(G@E}}?&
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The Input comaend caunot be executed from the core meuory, since
the cole for 009 is aultiplied by i{‘l s dMimiting operabion to Type I.
This insures that the machine cannot revert to the Idle State when
exseuting & Type IT order wnless the Retwrn~to-Moln-Control micro-
comasnd is wused.

Store the fugmented Order Counter Contents: (010): OCM m:  Commend 010

causes the conitents of the Order Counter to be increased by one sud then
stored in the addrvess povtiom of the word in @%imm m of the penoyy.
Since the Order Counber coateins the eddress of the order normelly next
e be executed, coamend 010 allows the programer to store the address
of the order to be executed two orders hence. To insert s sube-roubine
into & program, thevefore, the sequence of orders 010 g ad 245 o
(Type IV) would be used, vhere uy is the addvess of the lest order in
the sub-routine, snd o is the address of the beginning of the sub-
routine. The final order in the sube-routine would be 215 mg (Type IV),
with the address “‘33 hoving been specified by the execution of coumend
010 (therefore, iy = Order Counter Contents + 1).

The execublon of the 010 commend ls very aﬁ.mﬁ;mr to that for the
Partial Substitute commend (007), except that the infommation written
into the address portion of the word in position m is obtained from
logic which aﬁéﬁ one to the Order Cmm‘%;ér contents. Here sgain, if there
ere objectlons to the pertlal-words-intervel writing operation, the con-
tents of m can be pleced into the A Reglster, modified, and then writiten
back into position w by genersting comend (02. The fomer method ls
deseribed below.

&. At the completion of a successful sesrch, vhen the computer



-
w  Cdb

switches to Fhase IV, O o ig set to the one-state.
be In Fhege IV, Guring the addvess intervel of the word, the
nemory welte flip-flop, J{w, receives the oubtput of the Order Counter

OQ , sl the setting of G{z » Such thet the incressg-by-one inforagbtion is

stored.

o
ot
o
[

auy *(020)U Py

o
i

Mt 3% = 53{Cg = €)00; (010)(0, 05 + 0, '00)Py8

£,(Cq = ©1)U; (020)(0. 05 + 0,05 " )Py 5.

”
8

E
O

i

Fad-of-Commend Signal @%33’{%:3)? 3

Trensfer the Addwess in Positlon m into the B Register: (011): M8 ms

This comiand causes the address portion of the word in position u to be
pleced into the B Reglster. After the memory search Quring Fhese IIT,
the computer substitubes the requlred infommeblion into the B Reglsoter

Guaring the one word ivbervel when Phase IV iz txue,.

;*:3:1 l‘zsﬁ = wl(ﬁu}%?1&7

o fTY £ 7
b = G (L)W Py
End-of-Commend Signel = %(Gﬁ)?al

Melt: (O12): H: The Helt Comiend ceuses the mechine to assune the

Idle Btete, end ls executed ln exsctly the scane nonner e the Input Come
mend 009, exzcept thet no sigoel is supplied to the panched-tape reader.

A Helt Comend cennot be executed from the core menory.
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Necreese B (Conditionsl Comend)s (013): I8 m: Commend 013 ceuses the

sontents of the B Beglster to be decreased by mme. I B is zero ab the
gvart of this conmand, and hence becones negebive g e result of the de-
creese, the computer procecds to the next order as specifled by the Oxder
Counter. I the resulting B is either zero or positive, the coupubter pro-
coeds 0 the opder specified by the address .

The ovder is executed o follows:

a. The coaputer resping luo Fhese TIX for one word intervel ouly,
and then proceeds to Phase IV,

B. Flip-flop O o 1B one-set at the end of Phase III, so thet 1t hes
en initial cue-value ot the begloning of Phose IV.

¢. During the firvet word latervel in Phese IV, the coubents of B
e decressed by one, under camend of ﬁg‘

do At the end of the word intervel, the final setting of O, indi-
cabes which of the two ceses dhove is seblefied by B.

e. 1T Q, ig still in the oue-state st the end of the Tires word
intervel of Phase IV, this indicetes thet the resuliing B velue is nege-
tive, snd couses the computer to switeh o Phese I; hence, the next
order 18 specified by the exlsting contents of the Order Cowber in the
uml, Fashion.

£. IF Ge is in the sero-state ab the end of the firet word ilubtsy-
vel of Phese IV, then V, is set to the one-state. (%é i6 pero-set Gurs
ing Phese IT end connot since heve been oue-set.] This ceuses the cone
tenbs of the Address Reglstor 4o be transferred 1nto the Gééﬁy Counter.

g. &fter the second word iwutervel of Phese IV, the computer re-

farns to Phose I. Since the Order Couwrber nov contalng the address o

¥
g

which was in the Addvess Reglster, this deteruines the locstion of the



y
%

uext order to be gxecubed.
2 = (35 Y{01R
0t 19, = Uy (@..;,)zagg_
o T o] o
o = %ul(elg)?;@%fl&?

Byt g bgy = 00 (013)(0 8,7 + 0, 'By)Pyg o

— " - e g s i S v
Py = 00y (013)(0 By + 0, B, )P 5 o
Wet  qW, = @Ji(ﬁl3}gfﬁ 0,

H
2 1

8
#

P.
31
w1t {1 2y 4 o aomoty
Q&iiaz,J}&sgpgl : {5238 AL

&
;
#

= 61, (OL3)W 10,2y g o

o
i

Brnd=-of-Comand 8ignal

#

@ﬂlial 3) (Gﬁ + ¥ c}zﬁ%

Transfer the Contents of B into the A Reglster: (Oik): BA: To exscule

this commend, the computer sgeip "idles” in Phese IIT for e word inter-
val, and then proceeds to Foese IV. Fhsse IV 18 true for one word

interval,; during vhich the contents of B are transferred into the &

Regleter.
Aot yiag ® Qﬁi(ﬁl&)ﬁé
of3 = Gﬁl(ulu)agi
Fofl Y P PR o d Si” £ . f”' H ?
Endeof-Coman gnal i@i(@i&} 2

Tneresse the Contents of B by One: {(0L5): IB: Agein, the computer pey-

forms no operations during the word-intervel vwhen Fhase 11T is true. At
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the transition iwlto Phese IV, lip-floyp S ig set to the one-stete an

is used to compend the B + L operation durding Fhase IV.

Ot 40, = QU (o153 3;1
0% = BV (015005, Pyg.q

Byt by = GU(015)(0 By + 0, By)Pyg o
by = G0 {015) (0 By + 0,'B, " )Pyg o

End-of-Coummand Signel

i

G’{il{';')lﬁ}?%

(Hote that the logic for B., is identicel for commands 013 end 015, but
that the zero-set terms for O differ.)

2.

4,13 Descripticon of Micro-Commend Executlon Sequences:

This sectlon describes the seguences involved in executing the
mlero-commands vhich comprise a mlcro-order. In all ceses, mlero-com-
mands are executed durlng Fhese IV, and pever regulve move then one vword
intervel for em:z;gl&%im,

Flgure 3 illustyetes the configurstion of & sdcero-order obtained
Prom the cors penory. The verlous compongnt wmioro-gommends are Jdeseribed

below, progressing fram left to right in Figure 3.

¥ Counter Codes

A code it in the of & nicro-grder causes the conbents of the
i Counter (E‘? through | } to be decreased by one count. I the resuliing

¥ Counter contents are positive or zero, the mechine proceeds next to

£

execute the mlero-grder in the row position specifled by the ‘35 Address



portion of the micro-order. However, 18 the resulitisg B Counter velus
is pegative (l.e., 12 § vere equel 10 zero before the decresse by one),
the nicro~-order next in the cors i execubted. In elther case, the

mechine will exscute the micro-commends vhich accompany the ¥ code bit,

The seguence 1o es follows:

g, I }.{27 is true at Fl, this indicates thet o code bit was ohe
talned at the previous ?31. The contents of the ¥ Counter sre decyeased
by one.

b. If the ¥ Cowter bhas the configuration ﬁ?ﬂ%’s’i&‘ﬁ.ﬂ‘%z 31‘ at ?{}
{prior to the decresse by one), then the § Counter contents will become
negative when decreased by one. AMny confligurstion except the zero-

tate (‘;’.ai ¥ wildl cne-set aﬁ ah PZL’

¢. Later descriptions of the operstion of the ‘:%’ﬁ Controd Code show
that the one-state of }:Zz.l at ?225% causes the ’fﬁ Address portion of the
micro-order to be transferved into the Row Select Register, ‘:i’? through
’33‘1» Therefore, 1T § 1s oot zero prior 1o the decrease by one, the next
wiero-order will be obiteined fyom the pusition specified by the Efﬁ
AdGress, If H is zevo, the micro-opder in the followling core position
will be executed.

Only the end steges of the N Counter, N end N,, ave shown below.
&

E@) 13:15 = &mxggﬁﬁ *E‘%%@S'ﬁg*ﬁl*%
= Y EI S ) SRS
QZE:; fx [? f“ 32% E 38 5:}* ?l
ﬁf ,1{} 4 = @ml?{gwl%gl“?l
n, = pii
o™ %K;'Iz";f“g},?}.



Kot LR %ng* 8, o+ 0.+ N+ 1)
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Arithmetlic Mliero-Uomond Execution:

The Tollowing are Jdescriptions of the loglesl operstions involved
in executing the Arithmetic Mlero-Comaands.

mmend causes the coutents

Conplement A:r (101): comp, A:r This miero-c

of the A Begister 1o be coanplemented, l.e., the frue binsry eomplenent

P

is genereted snd writben into the A Beglsier.

The complementation process requires thet W, be Lo the one-gbale at
the begilmning of the word intervel Guring whilch the A Register contents
aro nodiftied. The logic indicsted below insures thaot %fﬁ is indesd in the

one-giabe both at enbry ipto eud duying the Micro-liode.

oV = 6% Fy * &"-m{lf}l}ﬁ@??&f

§

An? g% " ﬁm{ml}(%% *H %;}

= ta
0Py = G, (100)(W Ay + W A

The wue-set term for W o turns %&’ﬁ e upon entry into the Micro-Mode
for a Type I order, whether the entry ig for the first time in the
execution of the opder, or vhether 1t 1g because of a digresaion to
exgcute o commend fyom core. The sene torm contioues to set %S"ﬁ on dur-
iug the Micro-Mode intervael. When ‘{13 is true, indicebing thet e é{ﬁ%’m&
18 1o be execubed from core, §§g is zgero-set b0 prevept lnterference with
the comend sequence., For g Type IV order, no ovue-set for W, is needed,
since ¥ o is one-cet upon leaving Phese I, and no gero-seds intervens.

During the sctusl complementetion cycle, the first ome-bit in the A
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Feglster sets %'é’ W the zero-ghates Anelysie will dindicsite that the
logle shown for ‘531 capplements the A Reglsiter contents.

A+ Dinte A (102): & ADA: Thie nicro-comend causes the sun of the

& snd D Reglsters to be written back into the & Register. fhe logie for
this microe-commend would nomnelly be very sinple, but is complicated by
the posslbility of sioultanecus micro-comands in the Control Micro-
Camend sectlion, which can cell for the shifting of the A Reglster cone
tents elther to the right or to the lell.
The logic shown below illustretes the operation of micro-commend

102, voth with end without simulianecus s&if% wlero-commends .

A, =0 (202 + 206) (4,0 'K + A)'D K" + 4Dy 'K’ + ADK)

S s 5 H N ¥ H S Lol e j

. é;i}ziﬁb éﬁ)(ﬁa K+ A DX +AD K Al%gg}

Ayt = G (02 + 26) (ADHET + AT K + 4 DK + A4°D,'K")

+ 6 (202 + 206) (4D K" + A D 'K + A ‘DK + & 'Dy'EY)

K: k= G (:w 23{202 + 206) ‘A@%P%_
gﬁ(iag}{mz + 335}&1%?31
k = a}m(mg){g&g + 206) 'Ay'D,’

+ 6 (102)(202 + 206)4 "D’
Apt a8q = G,(102)(203 + 205 + 207) ‘A,
* Egﬁz(ﬁ‘{‘?%:"{l@@) '(203 + 205 + 207)C,P,’
G&‘ﬁ = ﬁm{gjg}(@ﬁ + 205 + 20'?‘} i"’a”g#
+ 51 (3-35» 31) (203 + 235 + 337);31 gPC}Q
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Cp 40y = %(mg)ﬁg

0f1 = Qém{lﬁg}ég*“

The comments below ere focused primerily on the addition opereblony
the effecte of the verious shift micro-comends ere mentloned 68 NECES-
sary, but further details of thelr operstion are conteined in those
leber sectlions devoted to the shift micro~comuends.

Congider the logic for the A Sum Deiver, A,e In the sbsence of
shift-right micro-comends, ss denoted by (202 + 206} ', A, represents
the direct sum of the A snd D Regleters, since %0 g }3{} are szdded using
the caryy flip-fiop K. However, should g shift-right of the A Reglster
be requived, as chown by (202 + 206), then A, end D ere edded; there-
fore, D ip added o the shilted A value, with this resultant sum then
written ilnto the & Reglster. 7

The inputs to the K fiip-flop reflect the sbove operations. X is
paro-set by ?ﬁg g0 thet It is zZevo st the stert of the sddition inter-
vode

For the two ceses of shift-right or recirculste {these can aleo be
swmerized as non-shift-left), A, Girectly detemmines the m@ﬁ to ‘%3,‘
Therefore, (203 + 25 + 207) ', vhich represents the non-shift-left case,
ceuses A’:& to be set by AQ

Taere remelns the poesibility of combining eddition with shift-

left operation. This is accomplished by using f:’l on & time-sbered besis
g5 a delay flip-flop to endble a shift-left of the A Reglster contents.
{(The function of €, as pert of the Chennel Select Reglster is not re-
gulred during Micro-iode; hence it perfowmus the fizmziezz of ABE described

in Part b.b of this thesis.)
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IT the Addition Mlcro-Commend 102 occurs, ﬁl receives the ﬁg Griver
output. If, ot the seme tlme, any of the shift-left micro-commands 203,
205 or 207 occur, z‘:ilg wirlch represents the one-clock-delsayed }i‘sg value,
ie fed iuto the Ay flip-Tiop. (Whken e shift-left operation is comusended,
ot represent the sw of A\ and I}O, gince & shift-right commend couwdd

fi‘.?m
i

simultenecusly occur.) Therefore, a cavbined addition eand shifte-
et operation couses the sus of A and D 1o be lef{-shifted vhen written

inwe the A Beglster. It will be recalled that & canblned eddition snd
shift-right operstion ceused the sun of D end the ghifted A o be placed
into the A Begister,

The terns (lllsPEl} (106) ' in the onme-set logic for Aﬂg and the
term (3;,1.5;?31)' in the zero-set, are explained leter in comnectlon with
those parblcular nlcro-comnands

A~ Ddnto A (10%): o ADA: The execution of this micro-comend is

identicel to that for 102, eucept thet the D Reglster contents sre sub-

frected from those of the A Register. Buxeept for the o in the logie

for the carry Ilip-Llop K, s noted below, all other logic terns sre the
same as for 102. Therelfore, ewxsept for K, the flip-Flops shown in the

discussion for 102 should heve 102 + 103 sibstibubed for 102,

K: k= @milﬁa}{mg + 206) :%;%yﬁ,
{1{3 {202 + &Q}Al*z:* P
o = 6,(103) (202 + 206) 'ADy

+ G, (203) (202 + 206}A,D, " + PPy

A+ Dinbo By (10h): e ADR: In emecuting this microecommend, the sum

of A and D ere writben into the R Reglster, while the contents of A ond

I aye normally left wdisturbed. E%ﬁg the write fllp-flop for the R
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Chemnel, recelves the cutput of the A Driver. A simultonecous ehlfd
[
nicro-comand in the Control Micro-Comand portion of the nloro-order

effects the execution of 10k only in the mamner in vhich 1% affects

A.o Hence, & simultaneous shift-right of the A Hegleter causes the sun

L the shifted & to be written into B; e simulitmneous shift left

5

Ty
Gl o 8

of the A Beglobter bhas no affect on the s placed into B

R:’;ﬁ_” 3—.?31 e

»
¥

+ 6 (202 + 206) (lﬁ%)ﬁiﬁﬁzﬁ 2

o =G {‘.:3*:3‘3’ + 206} 7 (i@%)ﬁ

3 e £ Syl ¥ay) ¢ o g ?
v G (202 + :m}(mé%)gl 2, 3

The logic for K, the Caryy flip-flop, is identical to that used

d 102.

for HMioaro-C 20

A« Dinto Ry (105): s ADR: The D Register contemts are subtracted

from the A Regloter and pleced into R. Coments which spply to 104

aleo gpply for this micro-commend. The logic for B, gy is identical to

that of 10k; therefore, substitute 10k + 105 Ffor 10L in the input to
The carry flip-flop K operstes as in 103; therefore, substitute

0% % 109 for 103, in the lnput to K.

Cleer Ar (106}: ¢l A: In execubtlng the Clesr A micro-commend, the

wrdte flip-flop for the A Reglster, Aﬁg is geyo-set at ?{y Hone of the
one=-get terms to 5%31 is allowed to be true during the entire word inteve
val, The initial setbting of A, 3 propagates throvgh the & Reglster, but
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in erased et the end of the word imterval.
R , 1 » Wle s o 200 e
AE&‘ 18q ° @m(meﬁ) (13 possible one-set terms)

oPq = i}m(mé}%

Becanse of the senner 1o vhich the logie is witten, the Clear A
operstion tekes precedence over sny other simmltenecous ogervebion which
mey sttenpt o write loformetion into the A Reglster.

Glaesr B (1&'?); gl R: The Clear R sicro-comend operates ss shove.

ﬁ% is zero-set st By aad all one-set terae ove rendeved inoperetive.

Rglz ¥ o m(m*’?) '(A1l poseible one-set terms)

Clesr Dy (108): ol B: The clear D micro-commend
gero-pet ek 9{53 and rwgmmé all one-set terus.

1’;%31: 1&31 = @m(mﬁ) (ALl possible one-set terms)

ol = G, (208)R,

O into med Dy (109): O med Dy Tals micro-comend couses & zero bo

be placed Into the mopt significemt digit position of the D Reglster.
D to reclivovlote anormall

This i accomplished by allowing vy Gxcept ab

%1 when 2}:5& is get to zero. (The logle for reciroulation 1s not showm
here.) This wioro-comsend overrides sny ebtempis to write & one-digit
into the ned of D.

Doy 1&31 = (m%&) '(Al1 possible one-set terus)

{ﬁﬁ = ﬁm{l‘f}%}?ﬁ



ﬁ‘ '?g Ll

O imto led Ry (110): ¢ lsd R: In exeouting this aiero-comuend, ﬁg} is

Zero=oet ot E?:ﬁ_e This places & zero-diglt in the least significant posi-

=

) W] Sn g @ g
tion of the B Begleter.

s or. =G > )" (ALL possible one-set berm
Byt ¥, “i‘m(liﬁ?gl} {411 possible one-set terams)

3?{,3 = {}a{ii.ﬁ}ggl

1 into 1sd B: (1131)s 1 1sd B:  The procedure heve is similer to thet

for 110, except thet the I, flip-flop is one-set ab ;’@31«:

rg = G, (11)Py

%, = G (111P4 ) * (A1 possible zero-set terms)

O imbo wed By (132): O msd R The logle for this micro-comuond is

slmiler to that for 109, but iz spplied o the R chenmel. 53{1 1B zero-

%{3&2}‘9%) (411 possible one-pet terms)

Ty = @m(ma‘)?ﬁ

1intomed R: (313): 1 wmed B At ?3%3.’ £iip-flop ?31 i omee-set. At

all cther times, the contents of the B Reglster sre reciveulabed.

O . w ( 723 ‘
333‘@ ll 32‘ %m{%d}?ﬁ_

/4 "~ i L noasihle ot L2 e
oFa = qxﬂ(mj%z) (412 possible zero-set tewms)

0 into msd Ay (1lk): O msd A: At ?33_ s Flip-flop ég,z_ 18 et to the

gerc-sgtate. AL ell other times, the A Beglster contents are recirculehed.
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#

&m{liié%ﬁ} *(A11 possible one-set terms)

i

£ 18yp
‘jm{‘z’“ﬂ)“ﬁl

1 into med A; {(115): 1 med A: As dbove, except thab gﬁ%‘i iz one-set

et ?31.

g B = G LI15)P.
5133_@ 123 &m(zm;}ggl

: = 15 LA saibhle zero BRMITE
0% {ii»m(ll;?%} (Al possible mero-set torms)

Combarol éﬁw&«ﬁmmaaﬁ Bxeoubion:

The folloving section describes the logleel eguablons involved in
execubing the Control Mlero-Comends.

Beturn to Modn Comtrol: (201): rme: This micro-cammend ceuses the

canputer 0 return o Phese I after execublag the micyo-order ip vwhich

this micro~comnend is pleced. The detalls of thils opevetlon Leve ale

ready been deseribed in Part 4.9, describing the vetwrn to Fhase I for e
e 2

Tyoe IT order.

Balft A Right: (202): sr Ar This micro-cammand couses the contents
of the A Regleter to be ghifbed to the right by one position. A serge
bit is inserted ot the most &i@iﬁemﬁt dlglt position; the least
slgnificent diglt is lost. I¥ an eddition or subirection s commended
simulteneously, the shilted A velue is wsed in the arvithmetic operstion.
Nost of the loglc Lelow has slready been discussed in comnection
with add end subtract nlero-commends, In the ebsence of add or subtyect
codes, as denoted by (102 + 103}, Ay is wrivten back into the A
Begister, cousing & shift-right of the A contents. Ween (302 + 103) is

true, As 5 which generstes the sum or differsnce, 15 sepsed by *5‘31' The
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effect of the shift comands is lncluded In the logie for 4 .

Hove in payticular, that “‘&“‘31 is gero-set st ?3‘&»3 cousing the nsd of
A L0 be zero. IHowever, a slnulieneous microeccamaend 115, which ceuses
the med of A to be set to ome, would have priority.
@ - ) (A TT AR % e} ¥
Ayt jeg =G (102 + 103)"(206) (202)A, Py
+ @m(mz + 1033(803 + 205 + 207) ’;ag
w 3 2 3 3y 1 f ey L4 ¥
083 = @m{mg + 103) {éﬁ,.ﬂ)él ?31
& @m(mz + 1033{203 + 205 + 207) o

+ ﬂ%m(liﬁj e(g’gg)yﬁl

Perm ?‘31’ in the zero-set is redundant, but is weful in conbining

with the logle for 204,

it A Lefty (203): sl At The nomal operation of this miercecomsend
causes the contents of A to be shifted left by one position, with the
resultant lose of the med and with a sero-bit inserted into the lsd
position. Vhen combined with en add or subtrset aicro-commend, the rew
sultent sun or difference ig written into the A Reglster, displaced by
one position to the left, with the seve effect on the end bits as dige
cussed above.

The shift-left effect is obiained by feeding eltheyr A{) oy .ég into
the delsy flip-Ilop (7&. At 8ll times other then ?Q ¢ the contents of é;fl
gre fed into gg}_, A% z?@ » however, ’&3}. is zero-set, causing the lsd of
A t0 contaln e zero-blt elter the shift operstbion is completed.

(Mcther possible method would be to set A, to the zero-state ab Py,
Conceptually, this is simpler; however, the logic requlrved for executing

all of the shift-lelt veristions, micro-commends 203, 205, and 207,



appeare o be simpler 17 the present approsch is used.)

C

X e, =g (102 + 1@3}% + c;ﬁ;i:a@z + 103) Ay

i1 s}

= £ : Y72 v {107 4+ 102 3
¢ (102 +103)a * + ¢ {102 + 103) Ay

R348

0%
o ry wm (% ’} [ .9 N D 1 3‘} &
-%33‘» }‘w?}z. g}ﬂ(z&‘f‘?‘g}‘} (l{.}b) {443._\_}){:‘1 a
083 = @m{vﬁﬁ?g}*{z@‘s}c{?@% + 6 (037,
Texa ?Q ' 1s here redundant in the zero-sget for ﬁhﬁﬁ but is necesszry

for the yroper operstion of 205,

Circuler Shift A Right: (204): sye A: This micro-comsend couses the

contents of the A Feglster 4o be shifted right by one position, bub with
the originel lsd of A written back into the wed positicn. Henee, nome
ol the originel informetion is lost.

Except ab ?31, “&‘33, receives the oulput of ‘%l a8 before, resulting in
g shilb-right operetion. 4t %a,l, Llip-flop ﬁ:ﬁ is set o the value
stored in % Bince AQ is not required during e shift right &g@f&i}i@m
it is "frozen" for the duretion of the word interval, snd thus stores
the originel lsd exigting ol the beglmning of the shift operation. The
recireulastion terms which cause conbtinuous trensfer of infomation fram
% ! AQ zre negeted during the execubion of thie micro-ccmmend., Bince
recirewletion logic is not normeldly shown iﬁ these descriptions; the

ighibition of trensfer from Ay o AG is ot epperent below.
Aps g = {}m(mg + 103} ' {106} *{&Qﬁé}%‘n@ﬁ’
el oYt s 4 ]
+ z%ﬁgz:;u) (3.3,2?}’{334}%?33’

- gm{:wg + 103} (@ok)a, P

0®31 7'

+ i%m(};*ﬁ} 'izsi@}%s%i



- ‘?{g} @
= {}ﬁ{mi@)%?ﬁ + Non-Circdlate

8y =G, (aﬁ&} + Hon-Civeulate

ou Fa

Circuler Bhift A left:  (205); slc A: This mlcro-comand Ceuses o onge

ift to the ledt, but with the originel usd of A wwitten into the
vacated lsd position. The besic shift-left ls ceused by using ﬁl agelin
a8 o delay flip-flop. The substitubion of the original msd into the lsd
pogltion is effected by csusing “‘5*3& o receive no signel at 3?@6 This
delays the origined éa% bit so thet it aubometicelly £1lls the vaceney

conged by the shifi-lelt operstion.

AE& PPy ® G (11&?313 {206} (%ﬁ}fi‘; za :

o8 = wﬁm%ﬁ} *{aaﬁ',itﬁl*?
Cip gey =G (302 + 203) 4y
0% ® ::zm{wg + 103) A

Shify A emé R Right: (206): sr AR: Both the A end R Registers are

rlght-shifted, with the originel lad of A placed inbo the med position
of R, end with e zere-bit luserted into the med position of A. The
operation of the A Heglster is identicel to that for 2023 AS’A regelves
the Al Tlip-flop velues except ab ?3}’ » Whey it is zevo-get to lnserd the
zero-bit inbto the ned position. ﬁO gtores the ovdglinel lsd of the A
Regloter in the seme nenney oo in 20h,

The R Beglster is simultencously shifted right, by sllowing R 7 B0
recelive the copbents of Rl A ?31; §31 is set to the staete represented

by Aﬁ s thus inserting the 1sd of A lnto the nsd position of R.



Oy

&
ey

.7{3@"’ + 103) {106} {f:a,ei;;

we
o
v
K
3
i

ity {3, 32 + 103) 1 (206)A, P
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ﬁ
j=
=

3
8

G (200N E, "By o+ (1294, 1Py ]

Sl

Shift A sod R Lert: (207): sl AR: DBoth the A end R Registers eve

left-shified. The ordlgingl mad of B is placed into the isd position

of Ay the lad position of R Lios & zero-bit lnserted. The A Reglster
is lefi-shifbed oo before; by inverposing £lip-fiop ﬁ& as an gdded
deloy in the A loop. M,}i receives the ﬁ output except at %“*‘{; 3 at FQ B

the contents of 2’%31 are ueed o et é}}l’

The B Reglster is left-shilted in o similer wmenner, by usiang €, a8
. &

the delay in the B loop. 1::3}“ recelves O o

gt all tiues except I Bi

g‘\

P

0 By 18 zero-get o lnsert the serc in the lsd positicn.
w
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Trenofer A into the Address Reglgter M: (208): +» Aie: This micvo-

coapdend causes the eddress portlon of the word in the A Regleter to be
trensferved into the M oy Address Reglster, *zm receives 33,{3 during the

G interval defining the sddress interval.

2oy = G (?ﬁ% AFag. v

[
%}g

£

P = (0808, Py

Trensfer the Contents of the A Register into the R Reglster: (2093

tr AR:  The coontents of the 4 Reglster ave trensferped directly inte the-

7

|

B Begloter; the A Reglsier 18 recirouleled snd remelns unchonged.

e

Ryt gTg = @ (107) (1222 ) (209)4,

5 ® C%m{ﬂ"??};l) *(%‘ﬁ}*‘%)ﬁig‘

Transfer the Contents of the R Register into the A Reglster; (210):

te Rary  Tals niloro-comaand is the opposite of 200, 20d couses R o be

placed into 4, mesnwiille preserving the H PBeglster countents.

At 8y =G {:u&z& ﬁ} (108} (m}:ﬁ

By = aem{z.l*}?ﬁ} { ﬁ:}}ﬁﬁ

03



fzchenge the Contents of the A and R Regiloters: (211): ex AR:  Hssen-

tlally, this combines the effects of 20U and 210. The write flip-Tlops,

B end B.., receive the outputs of the opposing reglisters.

g 3By = G (1P ) 7(206) (2R,

5
3
3

{.,.15;? Jl} {a,;b,l},.;f

E

Byt 11:31 @m{l@‘“{} 9{33&;:3?:3) *{m}p@

i

oFq = 6, (113 ) (@)ay

Exchenge the Contents of the A end D Hegisters: (z12)s ex ADr Tnis

b

ie similer o the ehove, but involves the 4 and D Beglolers.

é’_::}}s-: lag}» = (3&““5} } (m } (*‘Kﬁ*’)wq
oty = i’,%m{l}.ﬁ?%} e 33’%
@31: 3_@:31 = %(l@%}'{m-%@ﬁ}*(ﬁ}ﬁ)%

@ﬁfﬁ- &m{‘gﬁ.g)% :

Exchenge the Contents of the R end D Reglevers; (213): ex BD:  Again,
he gperation is ag ebove, but with the remeining cosbinbtion of the R

(&@?} {(11zp

ey
*
%

(23)D,

2’
G, all% (a3 5D,

SO

#

'
4
X3

@

6,(208) *(2092)) (23R,
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Transfer Port of the D Reglster into the N Couwnter: {(214): +r DI

This micro-commend causes five blts of the D Beglster, ln positions ?ﬁ
through :%?2, to be trancferved to staoges E‘% Hrough 3‘% of the Opersslion
Code Cownter {(or, U Counter). Flip-flops ﬁﬁ shrough H, operste s a
shifs regloter during the indervel ?55,@ s with the output of the D Regls-
tex; E}"Q s Fed into Ti% mad progressively shifted to the vight. Oaly the

end stoges, E% end 331, aye shown below,

oo« = £ i Ao W .
% w1 ) IR YRR -
e gny = GBI P

oty = G, (&, P

Tremefer the Mddress Regleter to the Order Counter: (Z15):  tr MeOC:

Thils mlcro-coomend causes the eaddress bits stoved in the Address Regloter

t0 be tremsferred to the pder Couwnter. The trensfer is effevted durlng

the Fl&? fnberval, ‘

Q,}?li 3,631. e @&(21&%}2?%}?3{3‘“?

) = ¢ {215) P,
oz {"m("lﬁ}l@ 18-

Centrol Input Codes end Control Selector Codess

The Control Flip-Flops, Fﬁ through z’?‘g; are uged to conbtrol the cons
dltiomel bronching of the micro-voutines. Thege filp-flopes can be sed
by one of several conditions. The desived input quentity Ls chosen by
using the Comtrol Input Code (300-7), while the particuler flip-fiop

0 be set by the selected lopub is chosen by the Countrol Selector Code



{(b00-203).
The list of possible inpult termg, and *‘*%e p&%imﬁ.w Control ITuput

Codes vhich select among them, eve sumerized below:

F3i. led E PS5, Coarery 2t P “31
Pr. 1sd A 6. Set one
3. med Hfe Bet pern

The selected term is used to set ome of the flip-fiops F F, through Fﬁﬁ
es determined by the 400 through L03 codes, respectively.

The logle for Control Flip-Flop ¥, is shown belov. The eoustions
Tor the vemalning Conbrol Flip-Flops sre identlcel, except fop the

substitution of the other 400 seriss code configurabions.

}?@: E«f‘ = (QG@H{%E) + {}33}}% Iy (333)&33

+ (PU)Dgy + (I6) 17, + @mééﬁm{%)w%

= G (500) [(0)Ry" + (302)4," + t%m&*

+ (3D 0 + (TR, + g (koo) (0 Py
Except for 305 (end 16 end 17, vhich eve usconditionsl), the By
souple tinme ceuiges the Control Flip-Flops 1o be set to the stabe of the
selected verishle existing st the start of the word iunteyvel in which
the code used. The 35 code, which senses en overflow of the Carvy
£iip-flop ot ?Eﬁ’ selects e condition ocourring et the gnd of the word
intervel in which the code sppesrs. (See previous comenis in Pard

3.6.)

¥ Control Code: {500 series):

The three bits vwhich represent the Xﬁ Control Code are used, in
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general, to control the branching of the mlevc-routines. The applicsble
conditions are described below.

a. Codes 501 through 504 select one of the Ffour Conbrol Flip-Flops.
If the selected Control Flip~-Flop is in the one-ghate, the computer pro-
ceeds to the position in the core memory specified by the '35’33 Address bits
in the micyo-~order. If the selected Control Flip-Flop is in the zero-
state, the conputer proceeds Lo the micro-order next la the core.

be Code 509 causes sn unconditional trensfer to the micro-avder
gpecified by the '}fﬁ abdress.

c. Code 506G does not affect the course of the miero~routine, but
couges the five lsd bits of the ¥ " Address to be pleced into the ¥
Comter.

de Code 50T denotes thet the followlng word from the core menory

i8 to be interpreted ss & commend, rather then ss o coubinstion of

micro-comaands. The conpuber will then follow the sequences described

2

in Part 4.9, Comuend Bxecution Duxring Type IT.

The conditions described cbove besically determine whether the Row
felect Reglestew, YZ? throush Zlg is to sdvence by one count, or vhether
it 18 t6 yecelve the contenits of the Yﬁ Adgvess portion of the nloro-
order. The three bits of the ?{n Control Code are reed out st }3’3& inke
fiip-Llops £iq0 gzg* and 5%3. From thelr own confipguretion end thet of
the Control Flip-Flops, the le Xl‘&" and l%s,_;ﬁ:% flip-flops ere then set
g0 thet et Pog, vhen the Row Select Register ”27 throwh 1, normelly
advences, only one of the thyee flip-Fflops ie in the one-stebe. Henee,
if, at }?28:

2. A

11
b. %, 18 in the one-state, place the five least signiflicant bits

is in the one-stete, transfer the ¥, Address iuto ?Z? - Yy
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of the Yﬂ Address Into the N Counter.

Ce }{13 is in the une-stabte, interpret the Ifollowing core oubput s
& Non-Mlero-Opder.

The re-get time for flip-flops }é{ X‘l could be chosen Tor any
tlme between B, wd Poge i?l wes gelected. Because of the relstive
pampling times luvolved, a Control Flip-Flop which ls sct by eny input
enceph % can be chosen by & 500 code comtaoined iz the sane nloro-order.
An ioput selected by 309, however, reguires thet the Contyol Flip-Flop be

sanpled In & lster word lantervel.

The logleal equations for X, - X, eve shown below:
. P te B Ccoerys |
B3 rig = NTpmfg ¢ [(ONFy

s = M te (R 2 1% ; )
gy = M, 8 5 Py G (50T) 'Ry

r e |
; ¢ e e M OFR ¥y d oy 5
Kigt gFip = W0, Py + [(500)2, |

oz = HyTp 0 p Py * 4, (506) B

*yy = %%3&3’?31 + 0 [(502)F, + (50M)P,1R

» [T(501)F, + (503)F, + (505) 18, |

ro-

o ™ 2o ey P + G I(500)F, " + (503)F," + S0TIR,

+ (1(502)F) " + (502" + (506) + (07)IR k
o v -

e term fﬁm@g* wilguely defines the read-out intervel for the core
memory, o is true only for Type II orders. The terms enclosed in the
dotted brackets sre implicit in the configuretions of the codes as
obteined fron the core nemory, bubt ere included to indicete the desiyed

logicel conditions which opply.



- 87 -
It will be vrecalled thet the § - 1 code bit cen sleo set Xj.l to the
one-state; this is not shown here, but is discussed in the section des-
eribing the opersbion of the B Cowmbter Code.
The egustions for the end steges of the ‘i{? o E‘fi £lip-Tiops end the

E:% - %;fl Counter are pobed below.

Ty g¥q = BTy %03 0Pag + MKy, Yy XY Y X0 Pog

Qy? Eed %%Z},ﬁ}lzllziﬁ *ng 4 %&Xll EY?Yé;YgEE?YEYE‘Eleg

4

Yy ¥y = WKL HPag ¢ MK, Y Py

o1 = MpTy%q %, Py + MKy Wi Pog

i

50 15 = G FeFag

o5 = Gy¥y o%g ' Fog

i

ﬂlé lml = {.}m il 2@;%? 28

o = G o5 Fog

The term Eeimﬁll? gllows the ¥ flip-fiops to increasse their count
during Type II orders. Another loglc tem, B&m‘.‘i*l‘ s vhich is not shown
here, sllows the ¥ fiip-flops to coumt during Type ITI orders. The tem
T which controls the trensfer of the E’ﬁ Address into the ¥ flip-flops,

prevents this trensfer during s Type IXT oxder.

L.l Description of the Major Intermel States:

Blip-flops ‘52 and ‘sfi define the four internsl states of the some

puter; in essence, they define the genersl operstionsl condition of the



mechine. The states sre listed below:

se Ohate It VE?%E’K“‘ Idle

B Btebe I ‘if’g’vl Compute

Ge. Shote IT1: %}’3‘,3" 113 |

d. Stete IV: %?2‘?3 Compute One-Cycle

The nemes glven to each of these internel stete conditioms describe

vte One-Cyele State,

thelr Dunctlons. Hote thet Btete IV, the Com
causes the coupuber to execute one order, as specifled by the Ovder
Couter comtents. However, because of the commend ghructure of the
mechidve, 1t is possible for this single order to be very elehorsbe,
should the order refer o a nloro-routine.

Possible trensitions smong the imbernel stetes eve shown in Flgure
S  Tepe Code refors to the pertlcouler combingtion of holes in the
punched tepe which comends the desived Btote; menmusd buttons con slso
be used so that the operstor can comuend the trensitions directly from

& keybosrd.

Stete It Idle;

During State I, the Idle Btete, the computer is prevented from per-
fomidng computebionel operations, since the Phese T prder search is
inhibited (‘%«f& s the search flip-flop, cenuot be one-set), and the mechlne
rempins locked ln the Phsse I condition indefinitely.

When firet twmed on, the computer is consbtrelned Ho be in the Tdle
State. This con be accomplished by placing delsy relays in the "%fg and
¥y flip-flop circults so thet the flip-flops ave zero-set as power is
epplied 4o the computer, or by building au unbelenge into the olrcuits

5o thet ‘52 amdl ?’l naturally assune the zero-stote vhen power is epplied.
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] - w2 % E 13 w1
Vot ¥ = VqUp'Uy Py

= Inditial O-met

<
#

Initigl Qwseb

<
#

State I1: Compute:

The Compube State, V,'V,, is set up by the presence of the Compute

cofe on the punched tape. Theoveafter, the mechine will sequence throuwh
its progrem, ressining in Stete II unbil either the Yapud Comend (009)

or the Helt Commend (012} eppesrs or wntil o Compute Ope Cycle Code is

read from the tepe. The cumputeyr then reverts to the Idle Stete.

Vgt ¥y @ {Canpute e:m&@}xlémé}{@h}@ﬁ

a

2

e

P

s‘.ﬁ”@?i’(ﬁi}? 4 @m),ﬁ?%
Uyt gv, = (Compute Cote)l, (fﬁﬁ&;){*ﬁ%}?%
o CUT o2 3y

oV = GIy (009 + s&@)?ﬁ

The Compute Code ceuses ‘%“'g aud 1“13;_ 0 be set o their Stebe 1T values
Just before flip-flop I becomes true. This is done, becsuse should the
camputer be in the Fill Stete st the time the Coupyte code 18 reed fran
the punched-tape, the code iteelf would be trested o8 an luapub. %?g end
¥y must be altered prior to the ene-stete of flip-flop I.- {Bee coments

in the following section, deseribing Stete IIL.)

Shete IIT;  Fill:

The P11l Stote configuration of the V, end ?"?37, flip-flops 18 set up

by a code feom the input tepe reader. During Biete IIL; the couputer is



s
sepable of receiviag informotion from the tope readey for progessing end
storege o the memowry. Input informetlon 1o processed by ubiliziag
micro-poutines, end ensbles the laput o bhe resrranged or modilied as

smedns in the FPLl4 State wiil o Compie or

requived, The compuber ¥

Compute (ne-Crele code appecrs on the inpubt tape, or wntil en interneld

Holt eommond {(012) sppeers Guring the processing of iuput lnformadion.
In meltlag the trensition to the F1il Btete:
e, he FiLL Code on the tape sets wp stote V V' at IPy. {Hence~
forthy *3; prevents normal canpubtetion, Just as Guring the Idle Stobe.)
be SBimdteseously, the Bow Belect Reglster, 5.? through

to the zerc-gtate. Only the ond steges sre shown below.
¢a  The Oprder Type flip-Tlops, ‘3?2 and i?:‘l, sre set to the Pype IX

R s

order contiguretion, E‘g .é;“l.

Vot Vs = (mi1 e&%}ﬁ?:&
Vyr gvy @ {71l amﬂ.&)i?%

‘fﬁ’?: o¥7 = {(mii1 ﬁ@éﬁ)ﬁ?%
i oy = (il @aé.e}wgl
Tyt gty = (PLLL code)IPy
f’i}z i&tl = (‘"“’ aﬁﬁﬁ)ﬁﬁﬁ

Hote that E?? and *’-Jl are gt 0 the PLIL Btobe configuwretion st the

ed

end of the word inbervael during wiieh filp-flop I is true, o5 oppost

o the esse for the Cagpute end Compute One-Cyole Stodes, when ¥, end “a?i
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are set Just before flip-flop I becomes true. The vesson is as wentioned
before. During the Fill State, flip-flop I causes the contents of the H
Reglster to be shifted into the A Reglster. Therefore, the tramsition to
the Fill Btate must be made at the end of the I fllp-flop interval to
prevent the Fill code itself from being fed into the A Reglster; on the
other hand, the transition from the Fill State must be mede before entry
into the interval when the I flip-flop is true, or else the code denoting
the desired none-f£1ll cazse would be shifted into A.

Once the mechine i in the Fill State, each subsequent entry from
“the tape reader causes the following sequence.

8. The contents of flip-flops ng through H, of the Input-Output Ree
gleter are shifted into the A Register, such thel the A Reglster uwndergoesn
g shift left of four positions, with the four bits in E;_é through z{& ocoupy-
ing the four led positicns of the A Register. This is accomplished by in-
serting Eﬁg through H into the recirculation loop of the XA Register during
the word interval when flip-flop I is true. The logle for only the end
stages is shown below.

be Flip-flop mm is set to the cue~stste at :{?33’ alloving & reads
out from the core memory at the 2ddvess specified by the Row Select
Register (which is ixﬁ*&i&i@.}«y at zero upon entry into the Fill State).

c. The computer 1s set to the Phase IV condition, ﬁgﬁy at 1?31, 50

that the first resd-out nlere-order cen be exeoubted.
i, e B, ow V.U T :
Hy s lﬁ% Vg“?l ”"‘%ﬁ“pﬁ
= £ ¥
oty = Valy 'Ihy

H}.: lﬁl = Vg?l’mzi’gl‘

Ghl“VY XE’



]
5
¥

Woe W= VY, VIR
4%&‘ lﬂlﬁl = ng@}‘ ip

Up Uy = Uy TPy

2# ot £ P

?3'1: = ?g?l ! 3?32.

As e result, the computer enters the micro-mode, after esch input,

60 thet en approprisbe micro-gpoubine con be wsed to process sach Suse
ceeding input as 1t ls ploced into the A Regloter. (Commemts on & pos-
sible form of these wicro-routines will be fownd in Part V.)

At the end of the desired wlevo-poutine, the computer retuwrms o

TPhase I, but cen then proveed no further, slnce vif prevells, For each

succesdiag lopub; the casputer enters the mlcro-mods, procesdd

the row address conbained in the Row Selsct Reglster. Therefore, except
for the tremsition ilnto the FllL Stete vhen the Row Select Reglster is
zerc-set; the mlero-routines themselves provide the requived sterting

eddress In the core for processing esch imput combinsbtlon.

State 1V: Coapute Que~Cycle:

The Compute One-Cycle Biote couses the computer €0 execute the order
ppecllied by the Ovder Counter snd then o revert to the Idle State.

¥he Compute One-Cycle code on the tape is used eivher {0 commend single

cyeles during observeltlon, or 0 allow the operstor 1o hell compubation.

he Cagute One-Cycle code on the tepe doen not dlrectly set wp
kA

State IV, but rether, flret esteblishes the Compute Biste, ?3’?7 . Howe

ever, Gy 1o simultancously set to the one-atote by the One«Cyele code



(the Campute code zero-sets G, ).

Voi gV, = {Campute One-Cycle C@ﬁa}%{fﬁ’%){ﬁ%}?&

Vi v, = (Caspute One-Cyele Code)t, (TR )(72, )Py

&3 .8, = (Compute One-Cycle %&Q}E‘?El

w1 e eI TE
o (Campute Code)l Q1

The compubter then proceeds with 1ts nemory opder seerch duving FPhese I.
Waen the search is successful, and the mechine mekes its transition to
Phase 11, the Btate flip=-flops ave set Lfrom “sfg *‘%”30 W the %3’2‘43“ cmﬁ:imm,
wader command of flip-flop ﬁ.L Computetion during Fhases 11, ITT, end
iV then proceeds normadly. However, =28 poou 28 the compuber retumas to
Phasgse I, the tem zfg"ﬁl*‘%fg% causes the Idle Stete, V, ”@‘1*; o becone

true, helting computation.

Tﬁ;g: l‘Vg 4 {?3;1?2’?31
oVz = Vol Uy By
Vit gVy = VW Un 0 Ry

When a Compute Une-Cyole code 1s wged 4o halt e routine in progress

during the Coampute State, the receipt of the code couses %"é o be onee

set oh %;3?1331; the mechine will helt vhen Phase 1 noub ooours.
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vV  MICRO-ROUTINES

A& fev sample miero-routines are included to illustrate possible
operavion of the camputer. Many of the choices which define the fomm
of the internsl Information are arbitrary and the progremmer is free to
modify these at will.

The micro-roultines shown here contain the sequences pertinent to the
operation belng described; for actual use of the mechine, these would all
be tled together, snd, in meany ilnstences, s pertlicular seguence of micro-
orders would be shared by meny micro-routines, with control f&.i}}mfli}?ﬁ
used o c&mﬁr&ﬁ, entry and exlt polnts.

Oovious portions of the micro-routines, such as those vhich desd
 with pick-up of infommetion from the drmm, sve omitied.

&s mentioned previously, the core address corvesponding to the
start of e micro-routine can be considered as a pseudo "command® code,
so that the headings which describe the micro-routines sre sleo descrip«

tions of avellable wachine “"ecowmmands”.

5.1 Hutber Representations

in the micro-routines which follow, positive mubers are represented
by megnitude; with an atteched zero-bit sign. HNegative mubers are ree

presented o8 binsyy complenents.

5.2 Addition and Bubtractlon:

Yo perform sipgned eddition and subirection, the micro-camends

end & ADA (or, & ADR end & ADR, if preferred) are used directly. o add
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and subtrect ebsolute velues, negetive nunbers eve flrst decomplemented.

5.3 Multiplication:

Produet S8iegn Determination:

To perforn multiplicetlion, the product sign is first determined.
The actual nulbiplication process uses megnitudes for the mumbers, inde-
pendent of sign. At the completion of the maltiplication ﬁr&e&% » the
product is complemented 17 the originel sign determinotion indlcates a
negative product.

The micro-routine for determiniong the sign of the product is shown
in Teble 5. The multiplier is originelly in the A Register, the multi-
plicand in D. A the campletion of this micro-roubine, ?Q will be in the
zero~gtabe for a positive product or in the unee-state for o negetive re-
sult. Both A asd D will contaln magnitudes, with zero-bits in the sipgn
position.

The time required is 3 word-times for plus-pius, & word-times For
plus-ninus, 3 vord-times for minus-plus, snd & word-times Ffor minuge

wminug.

Multiplicastion Process:

The sctuel multiplicetion micro~routine iz shown in Teble 6. To
multiply two 3L diglt nwbers requires O word-times. The routine as
shown glves o double length positive product, or = non~rounded-oif single
length negetive product. {If the convention of megnitude and aign is
adopted, the proper sign could be attached directly to the product,
eliminating the comp A operstion. Double-length products of either sign
would then be obtained.)

To obitain & Tull double~-length complemented negative product in the
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& snd B Regleters, the nicro-routine shown in Teble 7 should be super-
imposed upon that of Teble G. The micro-routine inspects the msd of R
before snd alfter ‘@w contents of R are conplemented. I the msd of B
renoling zere when R is cosplemented, the direct complenment of A ls cor-
rect. IL the originel msd of B ies one, or if it changes fron zero to
cne vhen R is caaplemented, o one-bilt must be subbtrected from the ilsd
position of the complemented A Register: The additional time required
to process s negative douvble-length product is elther four or geven
word-tines,

To obtain o single-length product wiih round-off, vhether positive
or negative, the micro-routine shown in Teble O should be superimposed
upon that indleeted in Table 6. A round-off product requires o total

of either 68 or 69 word-times.

5.4 Divisions

Guotient Sign Determination:

The sign of the cuwbient ls determived ss in wuliiplication, and

uses the identical micro-routine (Teble 5).

Divigion Process:

The micro-routine shown in Teble 9 causes the dovble-length number

In the A end R Reglsters to be divided by the contents of D. A5 before,
il nwibers ave expressed op nmegnitudes, the sign of the quotient heviag
flret been detemined by uslang the mlcro-routine of Teble 5. The resuli-
ing quotient ig pleced in the A Reglster, complemented 1T negative, with
the repainder in R,

At the stert of the micro-voutlne, o test is made €0 insure that the

nagnitude of the dividend is less then thet of the divieor, since the
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quotient s constrained o be less than ong in

dlvisor is less than the dividend, the nicro-youtine immedistely exits

megalitude., If the

from micro-opder 33 at the option of the progremmey, the machine may
mede to halt, sulteble shifts cen be meds, cto.
The process used is the femiliar von Hewsanm non-restoring sethod.

el belov.

The requirements sre swmar
8. If subtrecting D from A end Ri
Ho Caryys ouotlent bit is one; next operstion is subiyact.
Caryy: quotlent bit is gero; next operetiom is sdd,
b. I adding

Bo Carry: quotient bit is zero; next operetion is 8dd.
Carry: quotient bit is one; next operation is gubtract.
Alter each ofid or subtract operstion, the contents of A end R sre left-
shifted, and the quotient bit is inserted iuto the led position of R,
Some comments on the mieyv-routine eve noted belov. The mudbers
refer to the aderc-orders.
1.3t  Checks o insuve thet [D| > |Al.
5,03 &4 oycle.
8,9: Subtract cycle.
1l-24: Final quotient bit; sleo, coupsnsstes for en extra edd-subtroct

operation.

15«17: Trensfers quotient to &, remainder

W be negetive, 8 is complemented.

the quotient require so extrs vword-time o process).
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o

o5 Conditionsl Commends:

i

Conditional comuends generslly ceause o computer to choose ong of
two paths; s & function of some reletion of nubers in the mechine.

For e single-address computer, the cholee ie uwsuslly between executing
the next order ss specilied by the Order Counter; or executing the
order t0 be fouwmd at a glven eddress.

For this compuber, the cholce is represented by elther of two fiasl
conditions; the micro-routine exits at e xme (201) micro-commend, or
exite after exeoubting nicyoecommend 215, tr Mp0C.

An extremely lorpe veriety of conditional commands cen be syne

thesized, A fevw are shown belovw.

Sign of the A Reglster:

Teble 10 illustrates how the machine will proceed to the order &
location m 1€ the A Regleler contents are negetive; Teble 11 showe the
converse, l.e., brench 1f A 1z positive oy zero. Yhese can esagily be
wodified to inspect either of the other reglsters by direct inspection
of the sign position oy by wing the oxchenge nicro-comuends. Yhe cone

&tional commends shown regulre elther two or thres word-tines.

itude Comperison:

To brench a8 & function of the relsbive sheolute megmlitudes of $wo
cuentities, it is necessery to perform o siwplified version of the

'ﬁiﬁﬁ?ﬁ ®

micro-routine shown in Teble 5 to express both mudbers os magn
A subtraction i then performed, end the sign of the difference is used

o deteraine the brenching conditlion.

Zero Inspections

The z&m««&afa&t@ of o muber can be determined by plecing the nupber
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into the T Reglster, and then subiyecting 1t from the clesped A Reglster.

By using ¥ to set a Control Flip-Flop, e brasching in elther directlon

on Hon-Zero” or o comasnd,

i.¢., B comnend, "Chenge

“Change on Zerc” can be synthesized.

5.6 Binery Sgasre Root:

mave root of a binery number cen be extracted by using the

miero-routine shown fa Table 12. This is not sn lterabtive process, bul

successive Glglts of

rather, Ingpects the muber blt-by-bli, determlalng
the &W oot 1o the procses.

The procedure is derived in the Appeadiz. The
the micro-youtine,

42‘

eate the mechanicel process followed in peyfommiun

The musber ubose oot is o be wﬁmﬁa& is ssouned to b in the &
:@%me expresged fafs & nagnitude. As diglis of the root sve derived;
they sve inserited invo the 1sd end of the & Beglster. The uet vesult is

o 15-diglt yoot of & F-bit mumber, (To eutend the process to doble-

length nuwbers, 1t is necessery to store the first resuld, and then
obtain from mewory, the remsining helf of the double-lengll

wwn here.; Using the follow-

process s stralghtforverd; end is unot sl
ing nonenelature (see Appendix):

v, = position of the trial it of the root

€, = the correction temm smpplied 10 the remsinder,

i

sechsndcal process is as follows.
a. If subtresting the correction term:
Cerry: root-blt is gero; the next operation is adds



the correction tern is ¢ = %g% + %(A z*i} ]

i4d,
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2,8

The A Regleter contelips the residue vhich results from e succeasive

Lwhﬁ_ sdiditicone end subirections. The D Regleter contains the Cfi Lerny

i conbulns o generating-bit which is used to modify the ¢, velus for
ve

teizlo, The T

suceensl

fector camon to all of the C, terus 1o pro-

5
vided by the relotive shifbte of the A end D Hegilsters.
The opersticon of the milero-youtine is brlefly described beleow, with
caments referring to the nloro-orders nimeds
352 A coptelns the regudred muber. B apd D contaln 0.0L.
6,Ts The subtrection sequonce.
B-10: Preporetion for genersbing ﬁﬁ, efter esch operetlon.
li-15: Hekes the corgectlon for the post-edd cese.
16,17 The sddition sequence.
18-23:  lMekes the corvectlon for the post-subtract cose.
2%-27: Finel roob-bit is inserted; prepares for positioning of the root.
Z-291 Shifhs A so thot the root cccuples the 15 digit positions after

the sign position,
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The squere-rool micro~routine chown reguires between 158 and 183
word~tines, or less then three drumevevolutions.

5.7 Input:

During the P11l State, the cooputer enters the Micro-Mode sfter sach
igput Lrom the tape reader. The nicro-progrem fecility is used to pro-
cess input infommation, end aliows the ingserition of any of the order
types, mumerdeal infomabion, cte. in format convenlent for the user;
using mlerp-routines, the computer then converts the input into the pro-
per fom for interunsl use. The cumments below Gescribe methods which ave
appliceble for processing the vardous loputs; slthough wmost of the fnputs
shere sinmilar nlero-segquences, the interlesving of these routines to

sconomize on core storsge will not be chown here.

Pil) Address Determlostion:

The Fill code, which sets up the Fill State, slso csuses the Row
Addwess Beglster to be zero-set. The firet set of loputs 15 then used
to Gefine the aidvess locetlon into which infommetion is to be Filled,
with the B Heglster used thereafter 0 advance the £ill positlion. The
micro-routine which determines the £1l) sddress position must uﬂeﬁf’ﬁ‘éf@%
begm at position O 1o e core sy

At sny subsegquent time in the lunput process, 1f the menory position
ig rvequired to chenge other then wonotonically, the Fl1l code will cause
the meching o retwrn to position O of the core, cousilng the subseguent
input to be interpreted as o T11l address.

The £ill sddress io specifled by four decimal digits intervroted es

e chanuel locetion and o sector locabtion. This eddress (converted 4o
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12 binary bits) is written into the Addrecs Reglster. The micro-routine
shown in Teble 13 accomplishes this. The process required o insert &
one-bit into the B Register is not showm here; 1t is very streighiforvard.
The coments belov gpply o the milcro-orders ventioned.
O=2: Preparstory operetions. The mechine idles efber micro-order 2,
ewvelting the input fron the tepe reader.
3= Decimel to binary conversion procedure. AL the end of this pro-
cess, the blosry nuber 1s in the D Begister. In detalls
3z Prelininery sum 18 in A.
by5:  Preliminery sun is in both A end D. (A micro-commend,
tr 8D, would be very convenient here,)
6=8: Csuses A to conteln the preliminery sum, multiplied by
binery 1010 (decimal ten).
93 Puts result into A; also checks telly of W Commter.
10-13: Ceuses ehift left of € positions of the binery equlvalent of the
flrst tvo decimel digite (hence, the chennel eddress).
1h-17: Ceuses the entire address to be left shifted seven positions
(hence, to the required sddress position}, snd then to be placed
into the Address Reglster.
The computey exits to the micro-order position corvesponding to the stert
of the micro-routine next described, which interprets subsequent inputs
as orders, mmericel informgtion; ete., and processes sccordingly.
The mexirmm Jlength sequence between inputs fzmﬁ the tepe is 10
word-times, or less then & millizmeconds. Therefore, no conflict with

the tepe resder cycle will oceour.

Interpreting Input Words:

After the initilal £113 sddress hes been determined, the computer
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receives imput inforasticn and processes it before storing it on the
emory. S0 differcmtliste swong the varlovs kinds of Lmput words, eoch
ingut word would be preceded by o symbol with mnemenic significance.
Munericel informptlon would be preceded by sn arithmeblic pign, orvders
could be preceded Ly an appropviste letier, glc.

For illustretive purposes, the following codes fopr the sybols will

O

denotes mumerical informetion. {(Pinal bit represents positive

or negebtlve.)

denotes Order inpub. (Finel bit devotes the B bit.)

<

denotes & Mlovo-Order o be stored on the drum. (Final bit

b
o s

I
B

vepresents the Ead-of-Trensfer bit.)
Yoo computer recelves one of the cbove cole syibols ond branches so that
subpequent luputs are converted or syvanged in the proper nenner. The
alergeroutine recuived o interpret the shove souple codes ig chown in
Teble 1k, and is discussed below.

After the laput, the four bits in the lad position of the 4 Reglster
represent the word interpretation code. The lsd of the code is stored in
@S s while the rempining bits eare successively transfevyed lote .;?l and
control the sxdt point of the micro-routine. The & sddresses repressat
the starding positicns for nlcro-voutines which process the following

clasges of inpuks
o, Thmerdical infometion.
: Owders.

ot HMicxo-ordevs W be stored op the drusm.
et

C%: Cprblonel.
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Thae interpretetion vegquires from two o five word~times, depending upom
the exit point. The nicro-woutines required asb the vaxrious ¢ addyess lows~

tione are desceribed belov,

Buserical Infoxuetion:

The miero-voutine vhich begins in location @, is showm in Teble 15.

Decimal inputs are converted to binary. Simultsnecusly
eqdvalent of e genevebed, shere n 16 the muber of deciuel digit
impute, At the end of the input word, s division is performed to convert
the number to negnitude less then one. If the mader ip negetive, it la
then complemented.

e process cen elther require £imed length inputs (thet i3, o fixed

nuwdher of decimal digits is elweys provided for ssch word), or & "flalsh”

san e used to dencte the end of slgificent Algit ilnpu The fore

wer approsch woeuld use the M Counter to count the number of inputs alter
the aign and would initiste the division process subtometically; the
b be o configureticom of

lettexr i would requive the "fiantsh” code

AN TER R

four binary dlgits not used to repyesent g declmal muber mad would in-
mpect each imput prior to yrovessing to detersine the presence of o "flo-

ere straightforverd; the latber approsch is

ek onde.  Both methods
ghown in Teble 15.

At the begloning of the micro-routine, B and D ere sssued w be in
the pero-gtate 88 s reeult of the inpub interpretetion mivro-yroutine of
Teble 1k, Asswe thet the "finish” code, which represents the end of a
nmmerical input word, is represcated by the code 1010 (doss not corve-

mimiber) . The micre-oxder groups ere described be-

spond to any decimsl
Lo ‘.

d~Z3

sparetory ections. Couputer ldles after 2, ewalting the input.
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bz Part of the inspectlon of the input to look for the Finish code.
bH Puts input back lobo originel position in 4, iT the cecond led is

0 (4.0, the input wes not o finish code).
G-3il:  Decimal-Binsry conversion procedure;

G-8: Pute mubey into both A and D.

G-11s Muldiplles by 1010.

1112 If F}_ is zexo, have genergted only the muber itsell. Therelore,

veturn to 7 to genevate 107. If ¥, 45 ome, have obtained both

mentities.

75

13-14; Retwrn to 2 to owald the next input. Haber is in D, 10" 1s 10
Ha

15-17: Test for finich code.

28-19: IZ finich code, put the meber in A, 10™ imto D, clear R. Exit
to the Division nicro-yvoubine; initial condiiticns eve s required
by Table 9.

After the dlvision process, the A Register conteins the bloery equivelent

of the decimel loput, with megnitude less then one, snd complemented il

negative., This velue i stoved into the dvun mewory, snd the Row Address

Regleter 1o set b0 the velue corresponding to the stexrting polnt of the

miero-routine in Teble lh, prepering, therefore, for the nezt input word,

The mexlmmelengih micro-voutine between inputs is 24 word-times.

&t the end of the word, the nasdmum tinme reguired o deternine the pre~

sence of the Ffinlgh code is 6 word-times, so that, even with o full 10k

word~tine divislon, the total ¢time prior to storege on the drum would be

less than two drum revolubions. Dven sesusing o full drwn revolutiom

{0 find the desived menmory position, the entire process requires less

then three dyp revolutions,
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Order Inpub:

If the nechine recelves g code denoting en order ingub (et at &E
in Tsble 14), the computer inspects the following input to determine
vhich of the Order Types is involved. Types I, II, and III are processed
identicelly (1f the commend code in Type I is expressed by three decimel
diglisy 002, for exmuple). Type IV has 2 slight variation.

IThe micro-routine requived to determine the Order Type 15 shown in
Teble 16. Mlcro-orders l-U ave exescuted immedistely following the micro-
routine of Teble 14, i.e., O, is micro-order 1 of Teble 16. The mechine
idles, receives the order-type code, and proceeds from micro-order 5.
Exdt at 7 o By denoctes Type I, 1T, or IIL; exit gt 9 to 532 denotes Type
IV,

Type I, I, or IIT Impub:

The micro-routline for & Type I, II, or YIT order input is shown in
Table 17. Initislly E‘s@ is in the zero-stabe becsuse of the effect of

the miero-routine in Teble 16.

Ls Bets fi?l o zern, U o 2.
23 Clears Dy wmachine idles, awalting inpub.

CaeH Declunel-binary conversion, as before. Under control of ¥, the

machine returns 10 2 each time, efter couverting each input.

i0s Inepects F,. Froceeds to 11 or 18.
il ets B to T to control 2 leter left-shifi of & pleces.

1z=1k: Left-shifts & wder control of N, ofds D, snd pubs the sun into
R. This operstion incorporates the latest lnput ilnto the order

word. Also, imspects F, end proceeds to 15 or 16.

15: Used efter input of commend code or ¥, Address. One-sets FQ.
16; Ingpects ¥ Proceeds to 17 or 20,

10
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17 Used after chamel address input. Bets F;i; Lo oue.

18-19: Sets ¥ to H for loter shifi-left of & places. Used afber both
the cheonel =nd sector eddress inpubs.

=223 Final shift of 7 pleces efter the ssotor address input. The
micro-routine exits to store the opder in the required memory
poaition.

After the order is stored ilnto memory, the Rov Address Reglester is set o

the stert of the micro-routine in Teble 3. The mesimme-length nicro-

rotine between lnputs yequlres 20 word-tinmes. At the end of the ovder

ingut, mnm of 28 word-times sre regulved; sllowing a drum yevolue

tion for wemory eccess still ellows smple time between tepe lapubs.

fype IV Input: The mloro-routlne required o process a Type IV order

will not be shown in detell heve. The sequence 1s very similer to Teble
17, except thet the fizet two pairs of declimeld dlgite are interpreted e
the Arithmetic snd Control Micro-Camends, and sve converted to binary

ond pleced in the ordey word os shoun in Plgure Z.

Micro-Order Tnpub:

I7 the machine receives a code denoting input of g micro-order to be
stored on the nagnetic drm (exid et oy in Toble 14}, the computer is
required to process the input word shown in FPlgure 3. The foput from
the tepe will consist of the following:

2. An initlel code, denoting that the word is  nicro-ordey (the
fingl one oy zero bHit is the Pod-of-Transfer bit).

b. & decimel ome Or zZern, o denote the ¥ Code bit.

c. Two Geelmal digits, depoting the Avithmevic Micro-Comend.

G. Tuo decimal Gigite, denoting the Control Micro-Commend.

e. Three successive decluwsl diglis, ropresenting the Control Imput,
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Comtrol Belector, end Yzz Control Codes respectively.
f. Three decimel digits, representing the Eﬁ Aidresa.
Inputs ¢, 4, and £ require & decimal-bisery conversion.

The detalled micro-routine will not be shown here, but a possible
method ie deseribed. Input a, which is actually processed by Teble 1k,
supplies & one or o zero bit in the led position of A. Input b reguires
0o processing, slace it automaticelly ssmumes the proper position.

Inputs ¢ and d are converted from declmal to binary; the ¥ Counter
is used to separate the decimal inpub into palrs, end to couse two tra~
versals of the decimel-binery sequence. E*G cen be used to separste Loe
tween the two palrs of imputs. After each two-decimal imput, the order
word is shifted left four positions, and the converted-to-binary micro-
sommend 18 added.

After input 4, let both F{} and Fl ve in the one-wmtabte, snd %m B
guemge through the cosbinations Fﬁgj ?l’ﬁ‘w and 593‘* i}% The firet iu-
put (of group ) causes the order word to be left-shifted by three places

ed. Prior to the addition of the next laput, the

before the laput is add
one-state of ﬁ‘l causes a two-position shift)y simultenecusly, Fl 16 gero-
set. After the third input of group e, the zero-state of Fy causes e
left-ghift of three before the inpub ig added. E’Q is zero-set st the
start of the processing of the third luput, end informs the mechine thet
the inputs to followv sre the ?a Address diglte.

The three decimel digits vhich represent the Ym Adress are cone
verted end etieched to the order word in the memmer showm in Teble 17.

Slnce the main time-consuming process here is declmal-binery couvere
slon, the requived time per input is much lsss then the intervel svailable.
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VI TEE LOGICAL BQUATIONS

.4 wents on the Poro of the Borustions:

The logleel eguations for the computer comprise Part 6.2 of this
thesis. The genersal coments below concern the form of the equations.

First of ell, the equegbions are presented in wmechenized form,
l.e., they bave not, o8 yet, been wodified o confornm to the restrioctions
imposed by particuler geting clreults. The cholee of cirewliry directly
affects the mechendogbion procedure. Without first determining the
eldoweble load per £1ip-Tlop, the pepnissible cesceding of logle teras,
the form of the goting {end-or pating, etc.), there is lithle h@z}@fﬁ%}

o be gelned ln esteblishing evblivery crliterls, and then mechenizing
accor8ingly.

Becondly, the termos in the equations heve not been extenslvely
mandpeleted or sinplified. These operations ave properly left o be per-
formed with the sechenizebion. Also, these processes neke the final
equations move difficult to wnderstend; at present, the logle is pre-
sented in nore or less nobuped form, end betber 1llustrates the Punctionsl
neture of each of the terms.

Bane poselble sluplificotions are mentloned belov, hovever, o illus-

trete thet in the fioel mechenizetlon, nmany of the terms will eppeer less
fowmidable in lenpth, though perbeps move chescure io meaning.

Code Slwplificetions: The codes representing the verious commends and

mierpecamnonds were inltielly selected with cere to sinplify the logic

reguired o express the combianstions. A few exuples sre shown here.
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2. Long srveys of code nushers ave often very slaple.

Exemple: the following eppesrs es port of .Ut
€002 + 003 + 006 + Q07 + 008 + 010 + OLL + Ok + Q15) = GI8, + §,5,'8, ']

be Meny codes sppesr in peirs. VWhere possible, these are selected
28 consecutive even-odd mebers, or share bits in comon.
Example: in 3.3’5’3.:
@, (205 + 105) = ¢ "0,
AL the time of mechemization, 1t wvould be afdvisshble bo re-gxapmine e
code ssglgaeent (o nobe vhether slupliflcatlions may be possibie wnder the

conditions luposed by the mechanizetion convenblons.

hedundoneles: Redupdent terns often belp interpret end sonebismes simplify

the Jogic for perticuvler mechonizing conditious. Hence, no sywbematic
efforts hove been made to eliminate sll of Lhem.

Cove Memory Output Reglster: In obieining infomspilon fyom the core

nemory, the 24 bits of & row mst be teuporurily stored. Since meny of
e core output bite are needed only once, however, it should be possible
o otore these in menory-type core elements, rother then in relstively
expensive flip-Llops, end then 0 pense these swilllery core elenents b
the required time. Colums ln the cove Tor vhich thie technlioue sppeoys
eppliceble ave: 27, 18-16, 1311, end 10-h. In the loglesl ecuetions,
core menory outputs ore lobeled as 2, vhere n represents e colun.

The symbol x, is used to denote possible owdliery core elements; i€ thie
techrdoue 18 nob used, then :%n cen be cubstituted, vhere :i:z1 vepresents &

flip=-Tloy storing the column oubput.
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VII COHCLUDING COLmNTe:

7.4 Posslbhle Fevisions:

The exlsting logicel design could be simplified by deleting meny of
wving the B

the micro-comends, elimineting some of the order types, rem

Register, etes, but 1t is felt thst this would greatly lmpalr the useful-
nese of the machivne. Although it is theoretieslly possible to perforn sy
computation with o very restrictsd nuwber of nachine operatioms (Turing
machine spproach), this would not be done in prectice.

Rether, the cooments belov describe possible dhepnges in the nicyro-

progran facility wiilch vould evhance the versability of the mochine.

axrging the Core Memory:

Incresning the nlcro-opder stovege cepselty of the core is probebly
the post weluwl wodificetion. The need for s Type TIT order would be
ainimized, end, with sufficient core storsge, 1% would be f&miﬁlé Bo
elininete both the Type ITI snd IV orders, incorporating the trmmsfer of
inforsetion from the deun 40 core a8 a Type 1 comend.

A loyger mz*é facility couses negligible changes ln the logleal dee
sign and o saedl incresse in the mewmory drive circultry. The najor cost

would lde in the proportionste incresse in core elements.

Bpanding the Micyo-Order:

OFf the meny possible modifications in the microe-oprder capebilities,
those vhich sppesr to be the most useful ere listed below.

g The Arithmetic mlcro-commends which affect the end bite of the
A; D, mnd R Fegloters could be expanded to include o1l possibilitics.
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This vouldd decresse the need for vrecourse to the exchenge wlerdo-comends,
shortening the nloero-routines.

b, The Control nlcvo-commends which ceuse tremefer of the regleter
contents could be expended; in perticular, A to D, and D B0 A transfer
micro-comands would be convenlent.

2., A useful modification would be to allow the Control Flip-Flops
w0 sense any of the reglster end-bits.

d. The micro-routine gontrol codd bhe expsnded by incressing the
munber of Control Fllp-Flops, and by nodifying the E’ﬁ Comtrol code to
engble the progromer 0 select elther the gero- or the one-gstate of o
Cemtrol Flip-Flop for brenching contyol (ot present, the one-state causes

the microe-routine to brench).

F.2 ‘Tuborisl Aspects:

An dnteresting consequence of the niero-progras concept lies in the
possible tutordial uwe of the mechine. First of all, the derivation of &
plero-routine besrs reseublence in meny sspects to the precedure followed
in the loglcal design of conventlonsl mechines. Thowh the progremer is
constrained by the wicro-crder struchure of the mechine, the "micro”
seale of meny of the operetions requives considerstion of diglt opero-
tiong, vherve the ususl progrem concerns itself primerily with word
operations.

Secondly, becsuse of the micro-order structure of the machlne, many

f the Avithmetic snd Coptrol sequences ayre coslly isoleted; vwther or
not the logle is optima, the ghbudent should have relatively less APl
culty in wnderstending the methods by vhich common operations, such es

eddition, subtrection, shifting, complementing, etc. are performed.
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Te3 Performing Iogical (Operabions:

Aside fron the use of dlgltel compulers os mathemstical devices,
there exlete mn exbremely lavge ares of wibllity vhere compubers ave used

ror nopeerithmetic purposes. For example, a campuber mey be used to

By

simvlate a physlcel systen, or mey be wogramed to reproduce the
charecteristice of some proposed speclslepurpose Giglial device end thus
test the sultebllity of the design.

Bven in the very fest sclentific digital nmechines, however, it is
difficult to schiove, for exemple, resl-time chevacteristics in e slmlew
tlon problen. Thie is often the result of so internal orgenisstion which
reguires equal btizme 1o perfom s simple ss well a8 a couplex operstion,
or vhich must syothesize the slample operation fran a series of nore

sticated comends. Although the problen has not been explored in

detall, 1t appeers thet the micro-progrem concepb is vellesulted (per-
hape bestesulted) for such problens, vhere anphesis is ploced upon the
logicel end decisicp-naking capebilities of the mechine.

Teh  Comparison with Convenitional Serdial Machines:

Fxeept for the core memory, the proposed micro-programued computer
is estimeted to correspond in its physicel requirements to & conventionsl,
seriel general-purpose mechine with perhaps 0 bullé-in cormonds, and
with siniler storege copacity and inpub-outpul equimment. The compsrison
eloy will assune such s machine.
To perform e perticuler operstion, the micro-programmed mechine would
ubilize a bullt-in comend (only s limited selection svailsble), o micro-

routing, oy g suberoutine contelning combinstions of nicro-routines sod
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comiends. The conventionnl coputer uses elther o bullt-in commend or g
mberouting. For evaluaebion purposes, mlaso-poutines in the proposed
computer will be eaupared with bulli-in camands aud with su-routines

contalning commands,

Conparison Between Mlero-Poutlnes snd Budli-In Comende:

In general, a nicro-poutdoe is slower than g bulltein commend. Thie
should be expeeted, siace 1t vould be assumed thet bulit-ln commmmds
would be @&ﬁié’éﬁ&ﬁ w0 be executed in the oot officlent nanper precticel.

Av mn esmnpde, the nlcroe-routines descyilbed in Part V requiye
spproninately GO wondetimes for smiltiplicetion, end gboub 90 wordetimen
for dvigion, Bullt-in comends can peyforn these operstions in 38 words-
times (although there are nechines which reguye O word-ilntervels).

Aditlion and oubtraction axe bullt-in opexeticue for the midros

srograsied nachine, and eve therefore executed efficlently.

W@iﬁ@m Betuoen Miopo-loutines and HBbe-RBowbines:

In o conventionel computer, en operetlon not evalleble in the come
mend iist will be pepformed by a soquence of comends, o suberoutine. A
miero-rountine 1o wpually faster then the sub-routlne reguired to achieve
the equivalent resmdt. Sis is troe, not only for discrotely different
operations, such as squarsernot extrection, flosting-polnt operetions,
eba., bubt also Por veriations of a basic comend (these vexdstions are
commentod on later). ¢

For ezanple, blunary squere-yo0t aextrestion, s shown in Tsble 18,
requives an everape of shout 170 word~tlues. A bulltein comwnd couldd
perfoms this gperation in lees Wlze, but o eguere-root camund 12 &

rerdty. Uswelly, ao iterstive process 1o wed, requiving several traver

sels of e sub-voutinge loop. The surber of tvoveresls is depenfent won
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the inltial guess for the root, md upon the convergence cheyscteristios
of the gub-routine; since multiplications end divislons ere involved, the
total time reguired is muck more then 170 word-itimes.

wh meny of the loxger digliel coaputers nov incorporete

v serinl nechines do. Foeolble

Tloating-point commands, few of the mmalls

flosting-point mlcro-routines heve been derived, with spproximate execus

tlon times as sumerdized below;
g. Flosting-podot multiplication: 108 vord-times.
b. Flosting-point division: 130155 word-tines,
¢. Floating-point sddition and subtvection: T0-190 word times,
depending upon noralization.
The flosting-polint micro-routines described cperate on words vhich cone

teln e signed cherscteristie mnd eccompenyd
memory eccess i vequired, so thet flosting-point operetions are as
nobural in thelr use as are fixed-point coumends.

In conventional mechines, flosting-point svb-routines often am

the cherecteristic
o obtain orders end infommation during the sub-prouiine, end usuelly teke

cnd exponent in separate words, requlre memory speess

longer then the intervals shown sbove,
 Veriations of a basic commend cen be imcluded as part of & micioe
roubtine, but require separate comend sequences in the conventionel come
pose naching, for exmple, double~

puter. In o stenderd generel-pu

length products, rounded products, ebe. are elther incinded ae sepsrate
camends or require e smb-poutine with ewdliery memory sccess. For the
ricro-programmed mechine, the Control Flip-Flops cen be used to bresch
into the micro-opders which perfown the varlations.

ditlionel comnends, most of which can be considered es varistions
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0f e feow baslc opoyoticas, aye roadlly gynthesized Ly RlerO~routines.

ﬁwmwgz

The core wmemory reculresents of the nlcro-programed computer oye
sivple; furthenaore, progress in this ares and, in particuler, the use of
core edenents fop L1ip-flops snd logle gates, would minladze the 11«
eulty of lncorporating coxe storege loto the wechine. lence, the cout
and complexlty of the proposed nechine is gpprozinstely equivalent to
that of the previocwsly sendioned conventionsl pechine. thelr geooral
cepubllities, however, diffey, ep noted belov.

it eppwears thet the proposed nlero-programmed serisl nachine is best
guplied to none-repetitive problems or to problens vhere the progeamming
effort consumss o ualor povtica of the solubion time. For often-uned
woErans, o for @?mm.iﬁ where the computer performs releted operotions
on a8 sevigs of peranebtors, the fester command expcution in a counventionald
capputer should afford 1% the adventege, 25 long ss the problem con
efficiently be solved with the commends avelilshle. |
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Tape Code

Compute
One~- Cycle

Tape Code
Command

Halt

Fill

POSSIBLE TRANSITIONS AMONG INTERNAL STATES
FIGURE 9



003
ey ke
v 8

OO e
008,
00Ya
G315
011,
0L
013.
01k,

015,

Mall

A TSI

COMAAND LIST

Yot Used

A .
MD m.
HME .

A into Clm)

¢ln) into D

Prengfer 0 the Short Loop
Prencfer fron the Short Loup
Print

Pertleld Gubstitute

Bbrent

Tropwh

Store the Augented Ceder Coumber Combents
¢{m) into B

Helt

Decresse B (Conditional Comnend)
B inbo &

Incresse B



Arithmetic Micro-Conmands

100. MHall

101, comp A Coumplement A
i02. a ADA A+ D into A
i03. s ADA A~ D into A
k. e AR A+ Dinto R
105, s ADR A~ Dinto R
106, el A Clear &

7. el R Clear R

108, el D Clear D

109, O med D © into med D
130, O lsd R: O into 1sd R
i, 1 1lsd Ry 1 into 1sd R
112, O med F: O into med B
1%, L omsd Ry 1 into med B
11k, O msd A: O into msd A
11%. 1 msd A 1 into med A

Control Flip-Flop Inputs

0. Hull

Fl. led B

2. lad A

3. med A

Ph. mad D

5. Carry at ?33« {(Set B)
6. Set One

T, Set Zero

Controd Flip-Flop Selector
koo, E’G

hoi. Fl

oz, Fy

b3, %"‘3

MICRO-COMAAND LIST

Control Micro-Connands

200,
201,
a02.
203.
20k,
205.
206,
207
208,
209.

bty
[

AN )
212,
al3.
21k,
215,

il
¥me

gr A
sl A
sre A
gle A
ay AR
sl AR
by Adr
AR

wr
By
Tty

R@
bi)
> MpdC

Return to Mailn Control
Shift A Right

Bhift A left

Cireulsr Shift A Right
Cireuler 8hift A Left
Zhift A and R Right
Shift A end R Ieft
Trenefer & to M Regleter
Transfer A to R

Trensfer B to A

Ezchenge A end R

Exchenge A end D
Bxchenge R and D
Trengler D into ¥ Cowter
Trensfer ¥ to Order Counter

Ym Control Code

500,
501.
502
50k,
505
506.

507

o

1

Fa

why  Uncondlticonal

tr LM Tremsfer ¥, to the W
Counter '

meo;  Hemelicro-Order



TABLE 3

Arithmetie
Wloro-Commend
& ADA gr A
& ADA
2 ADA sy AR
8 ADA
B ADR gr A
8 ADR
& ADR By AR
s ADR
a ADA gl A
5 ADA 8l AR
B AR
8 AR
a ADA gre A
8 AGA
a ADE sye A
g ADR
o ADA gle A
5 ADA
& AUR 8ls A
& ADR

Ceamuent

% ﬁhif’%&é A 3.5 aéﬁmi o

Piito sbove, but R is righte
shifted, with origined lsd A
ioto mad R,

#
The shifted A is added o
D, emd placed into B. A has
& pormal right-ehift,

ob peaad tted.

L]
The wnshifved A is added
Do Wwé‘iﬁ t 18 lefte

Més" D to s vord with sll
rerges or all ones, depend-
ing vpon ovigloal lsd of A,

#
Borwel sun in K, but 4 has
s cirouler shift.

% For a subtrection Mioero-Comend, mske the obvious change.
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TABLE 8
Product And Quotient Sign Determination
Micro= N  Arith  Control Control Control Ta kS

Order Code HMiero~ Hicro- Input Selector Control Address
Koe Comm. Commn,

1 mad A Fo Fy b
2 psd D Fi Fi 6
3
3 Bet O Fb ut Out
L eomp A msd D Fy Fl 6
5 | Set 1 F, ut out™
& ex AD
7 comp A
8 ex AD FO 3
%
9 Set 1 Fo ut Qut

# "0ut® refers to starting point of the subsequent micro-routine

TABLE 6
Haltiplication
1 el A tr AR tr YhN 30
2 led R Fl Fl 5
3 i sr AR 2
b ut 6
5 1 a ADA ar AR 2
o) sr AR FO 8
7 g

8 comp A rme
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TABLE 7

Modification for a Double~length Product

¥icro- H Arith
Order Code Hicroe
Ho. Comst,
8
9 comp A
1o el D
il comp A
12 ¢l D
13 somp A
1k 1lsd R
i5
16 8 ADA

10

Control Control CGControl gﬁ
Hicro= Input Selector Control
Comm,
ex AR
med A Ei Fl
ax AR mad A Fl Fi
TG
ax AR
ex RD
gx RD
I
TABLE 8

Yodification for a Single-Length Product With Round-0ff

el R

1lad R

comp A

sr A lsd A Fl Fl
ex DR
a ADA Fy
rEc

ut
rne

"

Addross

12

13



Horo-
Ordaey
Ho.

1

2

B w

At

10
11
12
13
1k
15

16
17

B
Coda

ot

Arith
Hicrow-
Comm,

8 ADA

&
»

3

e

0 l=d R

g ADA

1lsd R

8 ADA
0 lsd R
a ADA
11sd R

comp A

% Indicates overflow
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TABLE 9
Divigion
Control Control
Hicrgw Input
Comm,
E
8l AR
K
8l AR
K
sl AR
gl AR
8l AR
ex AR
e
pyiit's]

Control Yn

Selector Control

Bt

ub

Address

Out
32

15

17
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TABLE 10
Conditional Comnand: PRranch if A is Hegative

Mieroe N  Arith  Control Comtrol Control L

Order Code Hicro- Micro- Input Selector Control
Ho. Comm, Coma,

1 \ mad A ¥ F

0 0
2 byir3]
3 tr Mr0OC ub
TABLE 11

Conditional Cormand: Branch if & i3 Positive or Zero

i mad A FQ FQ

2 tr MrOC

b

Addrass



Hicra=
Order

W o= O WL B W RO b

By I NN MO R R RS b
veSdonPAORBEBBOERRRERRE R

B
Code
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TABLE 12

Binery Sguare Noob

Arith Control  Control Control Yn
Hiosro-  Hioroe Input Selector Control
Comrm, Coma,
¢l & tr AD
1 msd A tr fﬁ%

ar A

tr AR

ex AD tr ‘E{ni%
s ADA K FO
1l mad A Set 1 F:

ax AD

gr AR

ax DR Fl
a8 ADA sl A Eb
8 AlA

ex DR

@x AD

sle A FQ
8 ADA K ?b
O mad A Set O ?’1 ut
a A4 sl A Fﬂ
2 ADA

ex DR

ax AD

sle 4 ?{}

ub

a ADA tr Inﬁ
1 med A ut
g ADA tr EE}?‘%
O med A

sle A

0 msd & oo

¥
3
Addrass

26

o

16
ik
26

il

28



iero=
Opder
Ho,

[l v

kSal

12
13
1k

15
16
17
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TARLE 13
Input: Fill Address Determination
K Arith Control Control Conbrol fm
Code IMiero- IMicro- Input Selector Control
Comn, Corune
Set O FQ
el D tr AR tr fi’ni‘%
el A e
a ADA
cl A ax AD
5 ADA
& ADA 8l A
sl A
a ADA sl A
1 ax AD
F(}
Set 1 F{} e Xn?’
1 sl A
ut
ax AR tr }i’ni‘é’
a ADA
i al A
¢l A tr Adr ]

& To start of the micro-routine of Table 1k

Address



Bloyo-
Ordar
Hoe

153

Gode

Inputbs

Ayith
Hicro-
Q@ma

el B

¢l D
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TABLE 1k

Yord Interpretation

Conbrol
Hicro-

oM,

Control Control

Input

led A

ded A

led A&

lad 4

Selector

YK&

Control

T

Address
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TAELE 15

Input: Humerical Information (Decimal to Binary Conversion)

Hiero-
Order
Ho,
1

2

8

o D =g

10

12

i3
b
15

i7
18
i9

H
Code

$

Avith
lMiero-
Comm,

1 1lsd §

ci A

8 ATA
cl A
a ADA

a ADA

a ADA

el D

el R

GControl
Hicro~
- Comm,

byt

2]
ok
[«
po:d

ex AL

8l A
sl A

8l A

ex AR

ex DR
ax AR

sre A

ex AD

ex DR

Control Control
Input Selector

S5et O Fl
lsd A F2
Set 1 Fl
isd A FZ

Iy

Conbrol

ut

ut
b Yni«s

ut

ut

b4
Address

15

13

18

Out



Hicroe
Order
Hoo

1

ass

v W

H
Code

TABLE 16

Input: Order Typs Determination

Arith Contrel Control Control n
liiero~ Micro- Input Selector Control
Comm, Comne '
el & EQ
e ub
1 msd A
8le A ub
: ¥
gre A lsd A Fy §§
glc A Fg
el A e AR ut
isd A F@ ut
¢l A tr AR ub

4

'

Address



Hicroe
Urder
Ho,

W& e a2

@ -3 o

16

17

18

19
20

22

Input:s

o Arith
Code Miecro-
Comm,

6l A
a ADA

a ADA

& ADA

1 gl A

a AIR

¢
ot
e

a ADA

- 157 -
TABLE 17

Type I, 11, or I1I Order

Gontrel Control OControl
Hicro- Inpuby Selector
Goum,

Set O Fl

ax AD

gl A
al A
sl A

ex AD

tr EA

gl A

Set 1 F

Set 1 F

tr RA

tr HA

al A

Eﬁ
Contrel

tr Yﬁ%

i
tr Eﬂ

tr T N
n

tr Ynﬁ

ud

T

Address

2%

18

Out
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EASTAC, A Psoulo-Computer, R, Perkins, Jowmsl of the Assoc. for
Computing Mechinery, (April 1956, ’sm. 3z DPe O5=12e

Prelind fmgnetlc Deun Comtrolled Compuber,
Eﬂ» P. %&i@m’&% émfi ?. %&@iﬁ; Jm, E?ﬁiwrﬁiw of Illiools, Electronic
Digitel Computer, Internal Report Wo. 26 (Feb. 3, 1951).

% Progre o end the Design of the Control Circults in sn
mﬁﬁmﬁiﬁ mgiw}.. Computer, M. V. Wilkes and J. B. Stringer, Proc.
ridge Philosophicel Soeiety, (April 1953), Vol. 49, pp. 20-E3.
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APPERDIX

Butractine o Bloery Scusre-Hoot:

The general gpprosch for extracting the sgusre root OF o bilasxyy
Though the method is eppawently well known, the specific repulis were

not found in the litersbure inspected by thie wrlter, and hence were

derived,
Reguired: Ve = r
o5
Method: let g=r," =0
:fMl =Ty "’”Az':i.
1
b¥i =385
Therelore:
Z 2 2 ‘ 2
a « (X‘i*i*l) = {& - {fi} } - E(gi“‘i“l}& e (ri) ]
2 4 2
= Eﬁ» = (’?ﬁ“)m} - @iA?i s <Ari)

2@ .
= {:ﬁ‘“ (l"i) i “{:i

e e . ‘ 2

If €, is subtracted, and & - (%Jﬁ) > 0, then
i =2 i-a“ ,%A*m
Ll i i

80 'i’:g



If ¢, is subtracted, snd a - (z, é,l}g <G
then
el T T
end

g0 that,

il =
g {r Y =fa-{z V1«0, .
Yient . dpl? il
Extending the ghove results:
Z,i
If ¢, is added, end & - (riﬁ) > 0,
then
Typl B F PATY
and
1 1 2
c = =0, =« =Ar,
il 22{ i 2( :;.,j |
so that,

2 . V21 . e
e = ()" = o m (rg)7) - Crg

“1
then
fiaa ® Y
aind
S = 30y - o))
80 that,



