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Summar-r',

Thls thesis discusses nethoos for achleving
flexlble internai mlcro-structures for high speed
olgltal conputers. In aoditlon to the well known
technlque of micro-programmi-ngn a f rexlbie registe:.
j.nterconnection system, caIIei a maoplng unÍ_t, 1s
pronosed. Loglcal- and nardware forms of the mapplng
unlt are ciescr'1bed.

l4ethoCs for lncluslon and applleatlons of the
mapplng unlt 1n mlero-orogrammed structures are
stucilecl. The effect of the mapplng unlt upon nachlne
operaiLons lnvolv1ng standard and non-standard data
f ormats 1s dlscussed, wlth approprlate exaJlrples.
The field of non-standard machlne lnstructlons 1s
dlscusse<i and extended to lnclude problems met
1n providlng compatlble operatlon between two
dlsslmlliar comouters. some problems and solutlons
1n provlding machl_ne language compatlbllity v1a
mlcro-programmed slmulators are dlscussed.

The examples given utlÌlze CIRRUS, a rnlcro_
programmed computer avallable for research purposes
wibhln the Unlverslty of Adelalde.
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SECTIO¡J Ì

Introductlon.



I

Introductlon.

Thisr t'hes1s 1s the resu-!.t of e nrc,'fec+; ceslp:ned
to investi--ate vai'ior-ls tecìini ci;es f cr nrr:vi_clnsi
fiexlbie d1E,fta.I comnuter struetures r¡¡hlch rnisht be
slmniL' coi'rirol-led. Fr-'.or t.o the conrrnencement cf the
prcject, a disital ccmriuter CiFpUS tll had been
desl-gned and ccnstrructed iqlthin the Denartnent cf
Electrlcal Enslneerinr, 'Jni'¡ers 1tv of Adel,alcle. Thls
connuter Lrffered a nun'Þer ef novel- sclutj_cns to
nroblens cf low cost , hi¡¡h -qneed des lsn of connuters
and featured a flexlble nlcro-nroErammed structure unðer
Lhe control of a. fllxed or reacj only stcre 12) hol_djnE
the micro-l-nstructions. The hardwa.re form of the
comnuter had been chosen ro nrovlde efflclent mlcro-
code internretation cf a wJ-de varlet¡r of machine
lanEuase data. forinais and lnstructlon t:¡pes. In
addltlon, a- ¡fir.lLt1-nroørarnriinc feature formed an lntegraL
nart of the deslsn of the comnuter, [3] so that e

comprehenslve lnterrunt st/stem, together r.r1th a mlcro_
nrogrammed interrunt orocesslns and proc¡ram sr¡¡itehlna,
routlne were orovlded.

Thl*s oro,lect is concerned vrlth re-fornattlne of
lnformatlon wlthln eny ecnnuterrs mlcro-strueture, 1r
order that norr-standard data forrnats and lnstructLons
rna.y be orovlded for use at the machlne lanquaøe lever.
Thls re-for,nattlnn technl-oue is dtffleul-t to provlde
w1th1n exlstlns structur.es anci Sectlons 3 and 4 of
thl-s thesis deal wfth the design of a re-formattlnq
or maoplng unlt ano its lneluslon in crRRUS, unfortunate_
lV, due to laek of funds, a fuI1 sl_ze unlt has not
been built, but slrnulatlon of 1ts effeets upon the
computer has been carried out. sectlons 5 and 6

detall- the effeet that the nnannlng unlt has upon some
comnuter oceratlons, whilst sectlon 7 dlscusses at



?

some lerrgth the nr"ohrlern ci r;rcvidlng naehiLne ian¡iuage
cornpaf 1b j ilt:; betv,'eerr iwo dl_ssJ.mila¡' eonnul;ers.
The annl-i eatlon of the mannln-q unlt to sueh a p:'cblem
1s stuciied. Ct.her probl_ens ari slnc 1n the p:'c'¡1s j_on

cf compatiblilt¡¡ via nlcro-pro¡¡r-amrneci slmuLators are
also explorerl and sone solutions to these problems
are Dresented.

¡.L1 examr.,les uÐ to and lncludlnq Sectlon 6 are
illustrated on the CIRFUS eomEruter. Sectlon T uses
bo+"h a connerelaì1¡¡ ava1lab1e cornputerrthe internatlon-
al BusLness rliachlne CcrE,. -qt¿stem /36C and the CIFFIJS

eomouterrtc lllustrate some of the solutlons to
compatl-b1 Itty nrob l-erns .

The overall trea.tment cf most toplcs 1s
descrlptive rather than analytleal or Þrogra¡nmatie
ln order to retal n slnol-1e1t¡r and clarlty, anc l-lmrt
the l-c.nqth of the thesls.

Papers arislnE from this proJect that have been
oub]i.shed are:-

Some Problems j-n the Design of Conpatlble
Comouters, Proceedl-nss of +-he 3rcÌ Austral_ian
Computer Conference, Canberra, May r!956,
pp 7 /2/r.

'ill1th M"I^1. Al1en. A Hardware Devlee for
Generall-zed Mapolng Functlons, fEEE lransactlons
on Electronlc Cornputers. Vol EC-15 No.1, Feb,
I)66, o 118.



SECTiON 2.

SLruc tural Flexibll-ity 1n Comouters



'-r I tt -'L. L. L'l :- C f O - pí,._1 p1 Ì.r:rnnt 1 n r.
T'ire; technirue r-'1* ¡nl.rli'o-nrocra-Íìi-.1j.äz wa:: f' j r-sf-

oescrl-beci b:; i,'1]kes Lrt i953 [2ü,j- " Ðssentl,alì-y a

mÍ,cro-pi"osra.¡Ìr conslsis ol a tlme ordereC serles of
e l-ementarv operaticns imlcro-instruclJ.ons ) withln
lhe hardware structu:"e of a cornouter, €,4. reg1ster
to registe:: transf ers, sÐec 1f lcatlon of acide:r 1nn'uts ,
etc. Inpilclt in a mlcro-instructlon ls the name of
t he nexc mi-cro-insÈructlon to be executed. TÌrls
?tnext nlcro-acldressrt facil-j-t:¡ can be made deoendent
upon cne or nore pleces af lnformatlon withln thet
controll"ed structure to yleld a conditlonal branchlng
mlcrc-instructlon. A inicro-structure and an assoclated
rnl.cro-program can be regarded as a rrsub-computertl

and each machl-ne lanquage lnstructlon of the comouter
1s lnteroreted as a serles of mlcro-lnstructlons
wlihln thls sub-computer [16].

In the past decade, advances 1n the deslgn of
flxed or read-oniy storage have all,owed the mlcro-
program concept to be directly lnplemented 1n the
control unit of a eomputer. Mlcro-proegams reLateo
dlrectly to the controlled structure are hel-d 1n
successlve locations of a store (generally a flxed
store, sJ-nce thls form of storage offers slenlflcant
advantages 7n cost/bIt/eycl-e-t1me over other forrns
of store) and mlcro-lnstructlons are read seouentlalry
from Èhls store lnto a control element. Thls control
element j-nterprets the mlcro-lnstructlons and provldes
the soeclfled oaths and tlmlng slgnals withln the re-
malnder of tire computer. An lntegral part of the
system , whleh may be under mlcro-lnstructlon contror,
serects the address 1n flxed store of the next mlcro-
instructlon +"o be executed. When execut1on of the



I

curreíìt Til1cro-l-nstrucf, j.or: ls cc)mÐl_ete å the j' j-xelÌ

store 1s re-Crlven ano the c¡,.ciLc pÌ'ccess cÍ" nrl cr3-.
Lnstructlon extractlon, executlcn anC next aciiiress
deternlnatlon ccntiriues .

For reasons of sceeci, nany faster computers
dispense wLth thls form cf control. However, the
conventlonaL control- seoLlence generators conslstlnE
of fllp f1ops, delays, qates etc., whlch they
use, may be regarded as }oelcally equlvalent to a

set of rnlcro-programs. Al1 conel-uslons Orawn ln respeet
of mlcro-program controlled computers can be applled
dlrectl¡r or lndlreetly to computers controLled by
sequence generators.

2.2, Machlne Instructlons 1n Mlcro-progranmed Comouters.

Slnce an.r¡ machlne lnstructlon 1s lnterprer-ed as
a serles of mlcro-lnstructlons ln a micro-prograruned
eomputer, the set of mlcro-lnstructlons provldeo 1n
any computer must be the set of mlcro-lnstructlons
necessary for performlnE all lnstructions 1n the
machlne languaÊe lnstructlon reÞertoire. A smal_}
number of dlfferent rnlcro-operatlons 1s generally
sufflclent to 1mpJ-ement a large range of machl_ne

language lnstructlons sf the salne generaL tyoe¡ €.g.
most arlthmetlc operatlons can be resolved as a serles
of data transfers, slgn reversals and/cr addltlons.

There are generally a number of aLternate ways
tomlcro-program any machine lnstruetlon. It 1s aLso
possible to mlcro-program any process whlch may be
reeulred for only one or two machlne language
l-nstructlons and has not been provlded l-n the hardware
for reasons of eeonomy.

The number of tyoes of data that any conputer
operates uoon has lncreased as progranrnlng research
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revea-i s rr,eì\7 , e Ílf ic ient Ì"epres ent at j-or: f c:. tj.¿:t a . iarL','
cornouter"s-ì,\'ei'e pro'iided oniil lvLth flxeC ocirri
ar'1thmet1c at rnach:!-ne lanrua,qe level-. O'-.eracion¡-; on

f lcaülng pcint forniats ano othei' dat¿r for¡rs had Lo be

lnt-eroretiveJ-¡¡ Þr"o¡¡rarmed at nacnlne Ìanguage ievei.
Then f loating point a:.1thn'iet1c hardware and sultabie
machlne lanquage ir¡structlons were nrovided to
j"mprove connutlng ef f iciency; Then conpuier Laneuages
created a need for character handllng insiructlons,
to asslsl ln translatlon of these lanFuages to the
machlne code. At the nresent time, nraphlcal structures
are being lnvestisated 1n some deta1l. To lmprove the
operatlng efficlency of anl/ conouter, the provlslon
cf larEe nurnbers of machine lnstructlons for each of
these data forms 1s obvlousì-y desirable. Undoubteqly,
future cornouter deslgns wliL provlde a wide range of
data formats and nachlne oneratlons for manlouiatlng
these fornats. The use of flxed storage technlques 1n
control un1-bs, allows economlcal orovlslon of large
numbers ot' dlfferent inachlne lnstructlons.

¿.J Anal-vs1s of Mlcro-Operat lons .

Mlcro-operatlons fall_ l_nto three maln elasses:-
(a) Inter-reelster transfer operatlons,
(o ) Manipulatlve operatlons,

and (c) Condltlonal- mlcro-branchlng operatlons.
Conslderlng only classes (a) and (b), lt may be

noted that these generally operate upon data 1n a
hardware format. Thls har<iware format need not
necessarlly be dlrectly related to the machlne Ìanguage
data fornaË that the mlcro-program ls operatlng upon
e.g. f1oatl-nq polnt forms renerall¡r pack flxed polnt
lntegrai exponents and flxed polnt fractlonal mantissas
l-nto one word, whereas the computer hardware operates



only upon separâte :l_r-rteqers anC fracùions. Fresenti¡;,
transfor';natlon cf f"ormats nal/ oecur in two ',ca1¡s:_

( i ) Sequences of nicro-oneratl cns ma:f be
set uD uslnE lorical operations (ANDTOF

and shlitinq onerat j_ons ) to lsoiate or
assembÌe soeci_f ied data ior¡nats.

(2) Snecial pur'ose transfer paths may be prcvice,J
in the set of allowabl-e inter-reglster
transfers to noolfy data between sÞec1fj_ed
formats.

In elther caserthe j_ntroductlon of extra data -

formats lnvolves acidlnE elther more special purpose
mlero-programs, whi-ch wtÌl- slow the operatlon of the
computer as a whoJ-e, or more speciaL purpose lnter-
reslster transfer oaths, whlch rs11Ì compllcate the
hardware and reoulre extra facltltles for thei-r eontrol.

In the next sectlon, we present a devj-ce for
provldlng frexlÞre re-formattlng ooeratlons at hleh
speecr. If such a unlt 1s provlded ln a computer
structure, the provlsion of new data formats and
operatlons upon these fcrmats becomes stralght-forward.
The reductlon of new machlne language data formats to
exlstlng operatlng formats enables exlstlnq mlcro-
lnstructlons to be used 1n nrovldlng mlcro-programs for
the new machlne operatl-ons. Exlstlng data formats
and oneratlons w111 be unaffected,

2.4. The Ma 1n Unlt as a Re-formattln Devlce.

The re-formattlng devlce 1s d.erlved from a
prooosar by l4ercer trel for a varlable lnterconnection
path between two reglsters ln a computer, whicl¡ he
called a "T-matrlxrr. In the followlng sectlons, we
present a mechanlzatlon of thls devlce, whlch we w1Ir
call a mapnlns un1t, and some studles of 1ts



appllcat 1on w11;hin a n:-cl"c-Ðt'cr¿ranmed ccm,ï-iirtL=r. The

aval l-ab11itv of sur-ìh a device extends the eÍfeot:l-ve-
ness of the mlcro-nrcgrarnrning technloi.re bit rernovj.nr
the barrler cf f ixec reqiste:: lnlercorrnecti ons , and
substlt'¿t1nq a mlcro-nrogran sDecified transfer
orrerat 1on.



ST]CTIOì,] 3

.4. Deserlntlon ol a l'lanr¡ln Ê Unit.



a)

-?.1. Lc.qlcal- Ðor.n r.,f a r-lalping Unlt.

The flunctiorr reouir,¡o of a rnacol-nî unl+- l-= Õitrl

of arbltrarl,' re-â.rra-nF'eryÌenr anC nasklnr cf bina.r.t¡

d1e1t ocsltlons wlthin a oaraliel, f1xecl-ienqth
computer word. ,Sorne examnl-es ere el-ven ln ç1qure 3 . l-.
The rnannlns unlt ltself ean be rese-rdeC as a form of
ttdeÞendent tt reqlster in the sense of Bartee, Lebo'¡¡

and Feed [15], np l-9-20.
ts¡r exa.mlnlnq the number of gatln¡T elements in

such a unlt lmplementeo 1n conventlonal loglc
cÍ-rcultry, some J dea of the order of 1oÉ¡1ca1 compl s¡!f,v
of such a unlt can be obtalned. Conslder the followlng
s¡rstem, suf-table f or lncluslon 1n present day C . P. U. 's .

Inout 33 blts (32 data blts
pl-us an lnvar-
lant tl-t)

Outout 32 blts
Number of avallable ma.oplnøs 5]r2 (of the i050

Dosslble )

l{e w111 assume that the reoulred mapplnq functlon
1s lndlcated by contents of an lndependent reglster S,

conslstlng of bLts s1,s 2........t9i the lnputs to the
unit are deslsnated *!,*2 ..*33i the outputs of
the unlt are deslqnated yLrlZ .y32.

Henee: -
vl = f (xt rx2" " 'x33rsIrs2" "'.t9) for 1=1r2...

' '32
t3.11

oF , f or f ac 11lt:f ln de codlne ,

vÌ= fr(xr rxz.....*33rs1,s 2r.....s9rã1rãa. . .. .s
for 1=I 12 32.

not

s)
[3.2]

Assumlng that I'doublefrnanplnes are permltted,
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0
1

L
1
0
1
c

ïn

000cû0ì0
00c00ccl
10000000
01000000
001000c0
000lc00c
0000 1000
000c0100

111010l_ 0

I 1ttI0t1

in

fn

ïn

0ut

0ut

C0CCtl[,.]C
ctt000c0l
I00íicc00
0100cc00
001_00000
0001c000
0000i000
0cc00100

l-0001001

fn

0r.ri,

0ut

0ut

(a) Clrcular shift, 2 nlaces ieft.

1I I110 0 0
00000100
0000r010
00000001
00000000
00000000
00000000
00000000

1l l_l-r000
000001_00
0000c010
00000001_
00000000
00000000
00000000
00000000

10000000
0I00000c
0000000 0
00000000
0000 1000
00000100
00000000
00000000

0100l_0 0 0

(b) Rieht shift wlth slgn extenslon, 4 nlaces.

In

10000000
0 1000000
00000000
00000000
00001000
00000100
00000000
00000000

1l_ 0 0110 0Out

( c ) Arbi-t rary naskln,o f unct ion , ¡nask It00I100.

U

I
t_

c
0
0
l_

0

I
0
I
I
I
0
I
0

0
1
I
0
0
0
0
I

00000110

1
I
I
1
I
I
1
I

0
I
0
1
t
0
1
0

Flqure 3,1 Eramol"es of Maoplne Functlons.



t0

l- . e . nô bi twlse lunctl-ons of the form
I,i -. =x, OIì x, t j.3l

ì 1 
='.:

occur lcjt!:,tn any avalleÌ,rle nanÐlnc', 1t ean be seen

that each outnut b1t rnus;t be di"-ì'¡en (in tl^,e eanonical
forrn at least) b:¡ a 512-jnnut OR gate, e;'lch of whose

lnouts is driven bv â I0-1i'lnut AND q-.ate. Å.ssumlnE

that loqic is nerformed b1' hardv¡are renulrl.nE one

cating elernent Der llteral annearlns 1n the loeicaì
eouatlons, such a rnaDplns unlt requlres

N=512x10x32
trs 1.6 x l0) -

eatlnq: eLements.
In nractlee, llnltatjons on the fan-ln and

fan-out caoablllt-les of the hardware elements w1l1
lncrease thj.s flgure by fcrcinq the lnc1uslon of
elements used sol-e1:¡ es buffer and amnllfylne devlees,
whll-st both the effects of the snarseness of the
maoninns (1.e. tlre introductlon of lnvarlant zeros
lnto the output) and minlrnization of the losleal
eouatlons of the unit can be exDeeted to reduce
the f le'ure. It 1s nrobable that the f lrst ef feet wlII
at least offset the comblned. effects of the last two,
particularly 1f hieh s¡eed .oneratlon of the unlt Ls

to b= achleved. The manDlne unltrif lmnlemented ln
thls form, reouJres of the order of 10r tratlng
elements for its ccnstructlon. It mav also be noted
that thls fleure 1s dlrectl¡¡ nrooorilonal to the
number of ava11abIe nannlngs that the unit nay

Þerform. The lnplementatlon of a mapoj-nq unlt ln
thls fcrm is ohvslcal-1v dlfflcul-t and eeonomlcall.v
1n'.nossible.

A second n:ethoC cf vlewlng the problenn ¡¡le1cìs
an lrrsj-Eht lnto the systen such that l-rnpiementatl_on
by an alternatlve method 1s feas1b1e" As crj_qlnailv
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proÌiosed cv lle:'cer If 5], th.e napplrrg'¡¡1!¡, (or
T inairix as he caiiei it), can be reFârdec s.j_i:'lnl.','

a-s a f ìexib je lnterccnnection bet'w+:en tv;c rep j sters ,

the lnout regj.ster A anci the output reglst,e:. E.
(See Fig. 3"2)"

Any bit b{ cf the outout reglster can be

expressed as the''bj.t-w1se losical sum of inter-
sectlon of the lnput (regarded as a boolean vector)

r-h
and ihe column of the boolean tt'ansfer matrlx
rF

(a AND t, 1l t3.51I

where t represents the operatlon of
b1t-wlse loeical summatlon of a

boolean vector.
It mav also be noted that any partlcul ar

maonlng ls det'lned soleIy on Dosltlons wlthln the
lnput and output vectors and 1s speelfied lrrdependent-
ty of the values of these vectors. The value of the
transfer matrix T" 1s therefore lndependent of the
lnput A and is a functlon solely of tile requlred
napplng, whlch 1s lndicaied by the contents of the
selectlon reglster S. Conversely, each mapplng 1s

ldentlfled by a partlcular value cf S, which has
assoclafeo with lt a nartlcuLar value of T".

The problem has therefore been reduceci to tvro
dlstlnct sub-problems :-

(1) Glven a maoplng traddressrr 1n S, evaluate
the approprlate T, matrlxrand hence tJ1,

and (2) L;slns these values of tJ' together wlth
the lnput lnformation n evaluate the output
blt OJ by equatlon [3.5]

The first problem, that of rrdecodlngrt a

partlcul-ar lrrput vector to yle1d an extended output

b. = t.t 1
)
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vectcr (or matrlx o as ilr tnis case ) , nas been sLuaLec:
1n â variet,.,r oi 1oqlca1 envlrcnnients. Tire rnost
att,ractive sciutions, nerticularl_y r.,rhen the nrooien
is of a rela+-iveJ-¡¡ |Lzrse sca-l e, lnvolve the use of
some fc¡rm of stora.ge. The innut vector lo be decoded t

is treated as tìre aoo¡'ess of a rocation wlthln the store.
The contents of rhis iocation, when reaC out of s.tore,
forn the outout crrrdeeodedrr vector. Forms of storaqe
corn'non].y encountered are dlod* natrlces, varlable randcrn
access sf,ores and flxed cr read only storaqe iIZ].

Tne advantages of uslnq flxeri storage for thls _

appllcatlon are well known. Brlefly, flxed storage
offers

(a) A slgnlfleant advantase 1n cost /blt/cycte-
tlme flgures,

(b) High oneratlnE speeds,
(c) Physlcal Dermanence of stored informatlon
(d) Relatlvely s1mpIe technlques for the

modlficatlon of stored lnformatlon,
and (e) SimoIe lmplementatlon, sultable for

autornatlc assembJ_y.

The second problem, that of lmplernentlng equatlon
[3.5], l-s a reduced form of the general comblnatorlal
problem dlscussed at the start of thls sectlon. For the
system speclfied above, approxlmately 3xI0J gatlng
elements woul-ri be requlred to lmplement equatlon t 3. 5I .
A maJor dlfflcurty l-s to make.all tJ, blts slmultaneousry
avallabIe for 1og1ca1 operatlon. These t,, blts

t JL
number n' ln an n b1t mapplne, and unlesi ¿ue regard
ls pald to eeonomlzlne the tJ, clrcultry, the economlcs
of the systern as a whole n111 suffer.

In fact, the second problem of lmplementatlon
can be slmpliflec b¡¡ notlng that the matrix T, speclfles
swltchlng points wlth1n the grld formed by the lnput
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(a) -SJ¡mbo11c transformation
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Out

1I

r¡

It

\.¡

V

V

V

V

0

1

l-

0

I
I
0

l_

tt V V V 1¡
0 1 0 I I 0 1 I
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and output busses, (See Fig- 3.3). The second part
of the systern may therefore be lmolemented by

provldlng a set of swl-tches which may be controlled by

the lndlvldual t¡t. (tJ, =l 1s equlvalent to a closed

swltch; tJ, =O 1; equlvatent to an open swltch)'
Thé iogical deslqn of the unli therefore cal1s

for the provlslon of lwo mai-n elements:-
(1) A decodlng device whlch transforms the

value of the selectlorr reglster to the
value of the matri* ?". From a conslderatl-on
of the slze anc speed of the decoder, 1t
can be seen that lt w111 probably take bhe

fcrm of a flxed store.
(2) A swltchlng matrl-x, controlled by the

transformatlon matrlx T", whlch lnterconnecfs
the lnput and the output l1nes ln the
requlred Pattern.

3.2 Extenslons to 'the Loglcal Oneratlon of the
t4applng Unlt.

Several extensions to the baslc form of the

mapping unlt presented above .are possl-b1e:-
(a) Mapplngs need not be performed between

reslsters of the same length. It 1s

possl'ole to extend elther the lnput or
the output reglster to lmProve the
efflclencl¡ of the transformatlon operatlon'
For examÞ1e, Flgure 3. 4 shows the
generatlon of two separate I ¡tt slgned
lntegers from an I Uft worci.

(b) By provldlng an extra lnput b1t' an+I = 1,

the lnJection of lnvarlant blts lnto the
output becomes posslbIe. An example 1s

glven ln Flg. 3.5.
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fnput

Output 0 000010 r_ 11r rl l0I

Flgure 3.4. Examnle of Mapplng Betneen Uneoual

I

0
1
0
I
I
1
0
I

11111û 0 0
00000 100
000000 r0
0000000 I
00000 000
00000000
0 0000000
00000000

0000CI0c0
0000 c000
0c000000
00000000
11111000
00000100
000c 0 0 10
000 00001

Leneth ïnp ut and Output RegÍsters.
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fnout

'-n*1

Outout 11101011

Flsure 3.5. An Example of the InJectlon of fnvarlant

00 00 1000
c0000 100
00100000
0001 0000
0000 000 0
00000000
00000 00c
00000000

110000 11

1
0
I
I
0
I
1
0

1

Blts lnto the Output.
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(c) The mapplnp4 devlce 1s usefuL fo:' generatlng
the speclai vectors of Ïversc¡i t18l and 1s

usefui 1¡¡ i-q¡nlernentine descriptlons cf
o.çeratlons in this J-anguage (see Seetlon 7).

I¡noieme'tatlcn of the Macolnr¡ Lïnj_t.

3. 3.1 . Systern Ðes1gn.

ï¡: lmpiementing a irarclware t'ersion of the
logical- form cf the mappinq unlt cìescr1bed ln the prevlous
sectlon, two crlteria were observecl:-

(1) The deslgn should be such that any lncrease
1n the number of available mapplngs shouli
result only ln an lncrease 1n the complexlty
of the decodlng clrcuits assoclated wlth the
selectlon reglster S. No lncrease 1n the
number of switchlng elements ln the
transfer matrlx should occur.

(2) The maoplng unlt should be deslgr¡ed as a
dependent reglster sultabl-e for lncLuslon
ln a computJ-ng structure and shoul-d operate
in tlmes comparabie to other dependent
regi-sters (adders, loglcal operators,
iriultlpllers , shlf ters etc. ) as lmplemented
in uo-bo-date technologl'.

The proposed designs for the flxed store and the
)swltchlng arrav are shown ln Flg. 3.6, and an

ldeaIlzed tlmlng,-dlaqram for thls system ln F1g.3.7.
Br1ef1y, the method of operatlon 1s as follows:-
(I) The lnput lnformatlon 1s placed ln the

1-nput reglster A and the address of the
requlred transformatlon 1s placed 1n the
selectlon reglster S.

(2) The value of S 1s decoded and the approprlate
drlve 1lne Ps 1s drlven by a current puIse.
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Flsure 3.6. Proposed ImPlementat 1on of the Mapp lns Unlt.
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Ser rl at a
and map
addres
reqisters

Decode map
address

Fixed store
drlve curr
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(trans fe rre
f1r)

Recycle the napplng un

Flgure 3.7. Ideallzed Tlmlng Dlagram of the Proposed
Inplementatlon of the. Ivlapplng Unlt.
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3.3.2

The path of thls cirlve ilne Ps is
deterrnined by conneetlng ln serles all- the
transfcrrner nrlnnar;¡ wlndlngs tl, at those
posltlons in the connectlon rnaúrlx where
t =l J n tt¡e Erânsformatlon rnatrix."Jr

( 3) Shou1q a tr'â.nsfer be speclfied at any ryatrlx
intersectlon (,i ,1) , current ..¡L11 pess 1n the
acproorlate nrirnary winciinE Pì.'. A current
therefore appears ln the transforrner
secondary windinc wnj-ch, tcgether wlth the
threshold network FZrR3rC1, drlves the
translstor Q-r, i-nt.o saturation. The voltage
of the emltter of thls translstorrwhlcìr ls
deternlned by the contents of the lnput blt
ãr, 1s transferred to the outrrui }lne b:.,l- J
Thls output slpnrai 1s used to set ihe outout
f11p-flop bJ.

(4) Should no translstors swltch ln a column,
I

b, ls held to a zero reoresentatlon vla R..,.Jr-
Hardware Detalls.

Flxed Storase.

The flxed stcrage sectlon of the proposed

mapplng unlt 1s lmplemented as an array of mu1tl-
prlmarv transformers, whose secondary wlndlngs (or
sense wlndlngs) provlde slgnals correspondlng to the
aJ, blt assoclated with the Ioglcal posltlon of the
transformer. The transformers conslst of a long
ferrlte rod eftz" ]onc x r/r6t'dlameter, l1near B-H

materlal) along whlch 1s wound a sense wlndlng of 15

tùrs., (see Flg. 3.8). The prlmary wlndlngs, each one

assoclated wlth a partlcular transformatlon selectlon
address, are provlded ln the form of prlnted clrcult
loops whlch elther lnclude (tJ, =1) or exclude (trr=0)



the ferrlte rod (see Flg 3.9). By provldlng a

current pulse of known cllrectj,cn l-n a pr.lrnary loop
Pt, coï'respondlng to a va.lue cf the selectlon address
reglster S, a slqnal j-s recel"ved (of a def1n1te
pclarlty) frorn those transfcrners vrhlch the drlve llne
enc lrcl-es .

Any atfempts to find tireoretlcal values for
outputs from sucil a s-vst-em are i-r:ustated by the non-
ldeai nature. of the physj-cal ìa;"'oui" A nurnber of
ph¡¡s1cal iavbuts were invest i-¡-aied emclrica]ly , and
fl.ttle of no dlfferences i.n cutput coulo be cietected.

However, since oÐeÌl f lux pa.ii:s are used, cross-
ialk between magnetlc elements was Investtgateci.
Slnce the translstor swltches âre essentlail¡¡ unL-
polar devlees, 1.e. slgnals 1n cne dlrectlon only
w111 tend to swlich ther,r of,r lt ean be seen (Flg 3.10)
that only second order effec+-s can produce spurlous
outouts on elements distance 2 from a oriven eiement.
Suci: e.lfects were eenerall¡¿ undetectat¡1e w1th1n
system Êround nolse etc. , at an array spaclng of 3/8" .

Outputs vary dependlng uDon the posltlon of the
drlve wlre along the Len¡rth of the ferrlte roo.
Varlous non-ilnear oatterns for the sense rr'lndlng vrere
lnvestigated and the result ls shor.rn 1n Flg. 3.Ii.
Swlt ches .

The form adopteo for a swltch element ls shown
1n Flg, 3.12. R2rR3, and Ct provlde a threshold settlng
facl1lty, whl-ch may be used to ease drlve requlre-
ments. If sufflclent drlve currents are avallable
they rnay be dlspensed wlth and the base return lead
tled to the emitter of the translstor.Collector clampinr
vla R, and D., , 1s used to reduce eollector voltages
ln the off state and hence enhance swltchlng sneeds.
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FerrLte rod
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t a
I
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Sense windlng

Fleure 3.9a. hrlndlne Detalls of the Transfornar.

trrJr
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Ferrit e rods ( vert l-c a] )

+
fnput

R Termlnatlon
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Flgure 3.9b. Example o f a Wlndl-ne Pattern for
the Mapplng Un1t.
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Feaslblllty ltlodel.

The responses of a 4x4 blt feaslbitlt¡r model are
sumrnarlzed ln p1g. 3.13. .An operatlon tlme of 35 nano-
seeonds and a eycle tirne of a¡:proximately 75 nano-
seconds are lndÍcated under the Crlve conCltlons used,
v!2, L00 mA current nulses rJslns (f0Í-90U ) ln
appròxlmately I0 nanosecor-rds.

Address decrrClng and reclster settlnq uslnn
moderately hlqh speed Ioe1.e wlil inerease these
tlnes to 50 and 90 nanoseconds respectively.

The extensi-ons of the 4xll bit feaslb1l1ty model
to a practlcal- unlt of 18x36 (as proposed for CIFRUS,

see Section 4), wll-l eause scme deqeneratlon ln speed.
The prirrclpal factors lnvolved wlII be:-

(a) The lncrease ln the drlve l-1ne lengths
a.nC number of elements driven oer line-
w111 lncrease the lnduetance of the clf1ve
lines, Ilmitlne the current rise tlrne
attalnable by constant voltaqe drivlng of
the 1lnes. ts:¡ treatlnq the dilve l1nes as

transmlsslon l1nes and termlnatinq them
Ln thelr eharacterlstie lmpedance (whlch
wll-I not be well ceflned, owlnç:.. tc the
compler fayout used, ancl the Fresenee of
the fer.ríte rcds, natrlx dlodes, swì-tcir
eharacterlstlcs ) these ef fects ma:/ be

rnlnlm1zed.
(b) The added stray capacltanee lmposed upon the

current generators w111.1lm1t thelr
swltehlng speeds.

(c) Swltchlns elements w111 be nore heavlì.¡l
loaded by stray capacltances, resultlng ln
lower swltchlne sþeeds. The swltch eircult
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lmpedanee Levels should be kept as low
as posslble conslstent wlth hlgh swltehlng
efflelency to offset thls eapaeltlve load1ng.

Unfortunately, 1t has not proved posslble to
lmplement a full seale mapplng unlt, so that no fulI
scale speed data ls avallabÌe. Howevero lt 1s lnterest-
lng to note that read-only storaqe unlts of reasonable
capaclty can attaln cycle times o.f 0.l.nieroseeonds
t171. The rnapplng unlt can be consldered as a modlfÍed
fixed store, whose outputs are log1cal1y conblned
aecordlng to some lnput 1.nformatlon. There 1s no

factbr apparent ln the feaslbllity model whlch woul-d

prevent a fuLL scale mappf-ng unlt from achlevlng a

slnilar speed.



Upper Drlve Current
Lower Selected tlr Output
Horlzontal

50 mA/dlv.
2 v/ dlv.

50 nsec,/dlv.

F1 1 a. Out ut from the Feaslblllt ModeÌ.
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Drlve Current
Selected I l- I O/P +

Non-selected flr O/P

Drlve Current
Selected f1r O/P +

Selected t0r A/P

50 mA,/dlv.

2 v /dIv.
5O nsec/dlv.
50 rnAldlv.

2 v /d7v.
50 nsee,/dlv.

Lower.
Horlzont a1

Upper

Lower

Horláont aI

Flgr 311-?b. O!4tpu! rom the Feaslb11lt¡r Ffodel-.
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iJpper Drlve Current 5O nA/dlv.
Lower Selected tÌt O/P +

Non-sèleeted rOt O/? 2 v /dl-v,
Thls trace shows the effect of an lncorrectly
wlred sense wlndlng. The translstor swltches
on at the negative transltlon of the drive
current and sense wlndlng tlme constants and

the carrier" storage tlme of the translstor
determlnes the on perlod.
Upper Drlve Current 50 mAld1v.
Lower Seleeted tIr O/P

, Antl-phase wlndlnq 2 v /dlv.
Horlzontal 5A nsee /dtv.

Flg. 3.13e. Output fron the Feaslblllty Model.



SECTION 4

The Inc1uslon of a Mapplng Unlt 1n a

Comput 1ng Structu:'e .
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li.l-. External CharacberÍstlcs.

When a mappln¡ unit is treated as an entlty
for the purpopes oi lcgicaì- design, the lnterfaces
that the mapplng urrlt presents to the rernalnder
of the system w1ì1 be 1at'ge1y ceternlneo b;r the
loglcal form an,1 the oesign ühliosophies of the
cverall system. The provlslcn of buffers (notf¡

lnput and output) , the forlnar- of actlva';i.on ar¡d

control- si.gnals and the physieaì forn of the
lnterfaces w111 'oe deternlne,¡ b:¡ system deslgn
eonslderaulons, and the mapplng unlt 1tse1f w11l-

be resÞonslble fcr convertlng these rstandardt

slgnais to forms sultable for its own lnternal use.
One example, that of a maonlng unlt modlfled for
trse with an asly'nehronous control unit, ls shown
j-n f lgure 4.l,,

The mappl-ng unlt ean be modlfied by technlques
of thls type tc forms sultable for lntegratlon 1n

any parailel computing structure.

4.2. The Incluslon of a t{applng Unlt ln CIRRI.TS.

4.2.1.The cIRRUS Computer.

CIRRUS 1s an elghteen b1t parallel mlcro-
programmed computer avallai;le as a research machlne

w1th1n the Unlverslty of Adelalde. It was orlglnally
constructed to evaLuate several- new ldeas l-n

computer archltecture and features an extremely
f1exlble rnlcro-structure controlled by flxed storage.
Thls enables speelal purpose structures to be

lmplemented withln the hardware by sultable sequences

of mlcro-lnstructlons. The follow1ng sub-sectlon
presents methods for augmentlng the CIRRUS hardware
to lnclude a mapplng un1t.

A brlef descrlptlon of CIRRUS ls glven ln
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Appel:u1-x 1, anu mcre iet;1leri qescrLpElons e:"e

avel"iable t-n []j,IAj,[3] and t4j.
4 "2.2. Frovl-slon of ¿ Ì,1¿i, fr¿ Un-l,t i"ri CiRRiiS.

ïn provlding a rneppLnE ur:it wlthLn the already
exlstÍ-ng CIRFr-riS struct,ci:'e, severai addltÌ¡-rnâ1
i-'acj-ii.tleÊ are requlr.erl for coi:rmunicetion anci conËrol_
of the augmented sti.ueture :

(1) Infcrmatlon þatiìs ÐetweÊn the napplng
unLt änd the extstlng structure nusr, be

eonstructed for input, output and

transformatlon selecticn ouantlÈies
assoclated wlth Èhe naoplng unli.

(2) Tlm1n¡ç and controt slgnals for che mapplng
unlt rnust be generabed ln the maln control
unlt of the computer. Inforrnatlon must
be provlded 1n the mlcro-lnstructlon
format for specl_flcat1on of these functlons
by mlcro-prograrnmers .

(3) The speclfl-c form of the mapping unlt
(slze, speed etc.) and the nature of any
anc11lary equlpment attacheci to it wlIl
affect the method of lnterconnectlon. The

method of lnterconr¡ectlon should leave the
exlstlng structure substantially unchanged
ln order that presently developed software
can contlnue to be used

ïf the mapplng unlt t{ere to be provlded on the
computer, lt appears reasonable that 1ts maln areas of
utlllzatlon would be 1n the flelds of :

(1) masking and shlftlng operatlons under the
eontr.ol of machlne language lnstructlons.

(2) manlpulatlon of operands for numerlcal
process 1ng.



-jC

(3) ÞrcvJsicn cf' facr.r.r-ties f'or experlnental
studies cf machlne sîr,.rc1;.ures .

It may be expectei that in a1Ì these
appllcatlons, '+ord l,engtils cther riran the standan<i
i8 b i.r (harciware ) worc l-engtii aiìi .oe encountered, e.g.
floaclng point' onerat l_ons are -a-u pt,esent imc ]emented
1n 28/'3 f loat'lng poi.nL, eanpatlbrJ-i.t¡r studles wirl
lnvcive word lengths lncomrnensur.ate with lg 'o1t, wcrds
xnã.ny crF.RUS ron-numerlcal operation-.s treat 6 crt
'characber strings paekea 5 to e 35 bit wo:-d, etc. rt
1s ii:e¡'efore oesi.rable that the manplng unlr prove
relailveiy efflcl_ent wilen enplo¡¡ed c:.i mapplng
operatl0ns of words of length greater than ig b1ts.

In practlce several systems were investlgatec:
(Si ) An LBxt I mapplng unlt using expllcltly

asslgned õource (1nput), slnk (output)
and address (transformatlon sel-ectlcn)
re¡çlsters, caIìed into operatlcn by a
specially construcied mlcro_instructlon.

(sz¡ An r8xr8 rgapping unlt uslng fr-xeci source
and address registers, feehlng 1ts output
to one of the exlstlng shlftlng inputs of
the lower reglsters (which w111 not be
required 1n the augmented structurerslnee
shlftlng operatlons wllL be performed by
the mapplng unlt). The selectlon of source
and slnk reglsters may be controlled vla
exlstlng mlcro_lnstructlon formats.

(S3) An LBxIB napplng un1t, by-passlng the
add-log1c untt, havlng 1ts own address
reglster, and belng able to select one of
two sources and feedlng lts output to the
lower reglsters. Blts used to control the
add-roglc unlt may be used to control such
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a rilappl-ng unlt. Seiectlon hetr*een the
outpu.ts of tire add-log1c unlt and the
mapplng unlt Írrey be accompllshed by
lnput selectlon to the lower reglsters.

(S+¡ A 36x36 mapp1-ng unti, uslng expltcltly
asslgned source, slnk and address reglsters,

(55) A 36xi8 ma¡;plng unlt, havtng an exp3.1c1tIy
. asslgned source register, 1ts own address

reglsÈer and feedl_ng 1ts output to one of
the lower registe:. lnnuts. A 36x18 mapplng
untt ls propcsea in order to clrcur¡veni
two loglcaI -0R operatj.ons encounterecJ in
the rnapplng cf a 36 blt word by an 18x18
rnapplng uni t " ( see below. )

.A dlagrarnmatlc surnmary of the resultf.ng structures
and theLr modes of operatlon are gJ.ven ln Figs. 4.2-4.6.
A surnmary of estlmated costs ancl operatlon tl-mes on
varlous problems are given 1n Tables 4.I & 4.2.

The selectlon of one of these systens t'or
lnclus1on 1n CIFAUS lnvolves the conslderatlon of the
followlng polnts.

( 1) In as sesslng speed,/cost ratlos for varlous
forms of the mapplng un1t, 1t must be
apprecl,ateC that
(a) the cost of the napplng unlt ls only

a small fractlon of the cost of the
eomputer as a whole (approxlmately
$450r000 component cost)

and (b) the speed of the computer ln
conventlonal operatlons w111 be only
slightly lmproved by the addltlon of
a mapplng unlt.

(2) Certaln forns of the mapplng unlt tend to
be rather more flexlbLe 1n appllcatlon
than others. In partlcular, those systems
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(3)

havlng thelr cwn adCress registen (S3 &

S5) offer the fotlowing advantages:
(a) TransfnrniatJ-on selectlon addresses

may be s1.nnly lncrenrented by a
hardv;are counter technlgue, rather
than uslng the add-Iogic network. This
improves the speed ot' +"he irnapplng unlt
(S3) over tire speeo of a slmlIar unlt
(S2) at 11tt1e extra eost (e8tr).

(b ) BoÈh the 53 and 55 systems oo not use
reglsters within the general pool
to hoLd augmented address quantlties.
Hence the structure tends io retaln
the flexlb111ty provldeC ln the
orlglna1 deslgnrwhlch was rlgorously
minl¡nlzeo.

(c) Should the number of avallabie mapplngs
have to be lncreased, extenslon of the
seleetlon address reglster and
assocl-ated decodlng 1s relatlvely slmpIe.

The dlsadvantage of the presence of an
extna selectlon address reglster lles 1n the
fact that thls reglster 1s only lnfrequentl_y
used by the system. It therefore has a low
utlllzatlon factor and 1t correspondlngly
tends to lower the utlllzat,Lon factor of
the machlne as a whole.
The provLslon of a mapplng unlt havlng at
least one dlmenslon equaL to tlme the word
length (S4 or 55) has the advantage that
shlftlng of multl-length quantltlès 1s
somewhat slrnpIlfled. As an example, conslder
the mapplng of a 36 blt quantlty wlth an
18x18 mapplng unlt (53). The processes
requlred are summarlzed graphlcally 1n
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Flg. t1 ,7 and may 'oe oeserlþed by the
equatl ons

Ur = Ìilao- (ii) OR Map^(L)-r -¿
L' = y¿p.(u) cR Map4(t)

where U,L are the two 18-bit halves of the
origlnal quantlty UL, and Ur rLt are the
tv¡o l8-blt haives of the raapped quantlüy
UrLr. The prccess requlres four mapplng
operatlonsrt-,,ùo 1og1ca} 0R operatlons and
(in CIRRUS, where the number of hardware
regi-sters ln the general pool ls not
large enough to store all lntermedlate
quantlties ) two storage cycles to a buffer
posltl-on in core store. These operatlons
requtrre a total of 22.5 mlcro-seconds 1n

CIRRUS. Alternatlvel-y uslng a 36x36 mapplng

unlt (SU¡ the resuit may be obtalned ln
one mapplng operatlon, J.0 mlcro-seconds in
CIRRUS. The system 35 uslng a 16 lnput, 18

output mapplng unlt avolds the productlon
of lntermedlate quantltles, but needs to
two mapplng cycles to produce the result.
Thls slngle cycle i-nerease in mapplng tlme
(1.5 mlcro-seconds 1n CIRRUS) ts accompanled
by a 50% decrease ln cost. Mapplngs upon

18 blt quantltles can be easlIy provlded by

the lneluslon of a nuI1 or zero map over
the remalnlng half of the 1nput. Ç

In the 11ght of the foregolng arguments, tt has

been deelded tp propose that systen 55 be lncluded
wlthin the CIRRUS system. A detalled deslgn for thls
lnc1uslon ls glven ln Appendlx 2.

Brlefly the slgnlflcant features of the deslgn
are:

(1) The mapplng unlt provlded 1s a 36 lnput,
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-Lü r:utpr,t Ílorn,
(2) the :Lnput- tc Ene unl-t ccnslsts of a

eoncatenar-ion cf the lnputs to the add-
'logle un1t. By this feature, Èogether
wlth the select-1on faclLltles for Êhese

lnputs already included 1n ihe system, a

wlde range of lnputs to the mapplng unlt
(includlng 18 blt forrns with appended
zeros ) 1s poss lbl-e ,

(3) Outputs from the unl-t are feo lnto the
lower register setblng selectlon clrcultry
so that rna.pped outputs may enter either of
the lower reglsters, N or Z.

(4) A selectlon reglster L 1s provlded. Thls
selectlon reglster nnay be set from one of
the machlne reglsters N o.t Z, prlor to
the mapplng operatlon and may be

lneremented by 1 after completlon of the
mapplng operatlon.

(5) All seleetlon of alternative lnformatlon
1s eontrolled vj.a mlcro-code. (see Appendlx
2 lor formats).

(6) Tlmlrrg of the unlt 1s such that a mapplng
operati-on can be performed in the same

tlme as an add-loglc operatlon. In fact, the
mapplng unlt can be envlsaged as operatlng
in paralle1 wlth the add-log1e unlt,
selectlon of outputs determlnlng whlch
functlon 1s actually belng performed.

Programs for CIRRUS have been wrltten to slmulate
both the exlstlng structure and the structure includlng
the map.olng un1t. Sampì"e 1lstlngs of these programs are
glven 1n Appendlx 3. All appllcatlons of the augmented
structure descrlbed hereafte¡ were lnvestlgated wlth
these slnulators.
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Maci:ine i,anguage lnsiructions and lilcro-

Programmln g.

It l-s the purpose of ti:ls secü1on tc examlne the
effect that the inclusion of a mapping unit wlthln a

computlng struetur"e has upon the speed and efflclency
cf the executlon of rrco¡1vs¡ìtionalrt nachl-ne lnstrueti-ons.
ItCcnventlonaltt machlne lnscrìietlons are tìrose
j,nstructlons eommonly founc w1th1n most present day
cornputer lnsbructlon z'epertolres, vIz, arlthmetlc
and loglcal operatlons, branchlng operatlcns and

certaln non-numerlcal operations (prlncipally shiftlng
pr.ocesses ) .

AIl computers have a repertolre of machlne
lnstructlons or orders whlch can be dlvl-deo 1nÈo three
maln classes (or sequentlal comblnatlons of these
classes) , vIz, numerleal operatlons, non-numerical
operatlons or branchlng operatlons. Each tnstructlon
may be Ìogtcally dlvlded lnto a serles of elenentary
operatlons speclfylng transfers and moslficatlons cf
lnformation w1thln the cornputlng structures. These
nsub-operatlonstt or mlcro-lnstruct'lons may be

lmplemented elther ln some form of control- sequence
generator, cr within a fj-xed storage strueture. A sequence
of mlcro-lnstructlons 1s called a micro-program and
may be expressed symbol1cal1y as a tlme ordered l1st
of transfers between lndependent and dependent machlne
reg1sters.

We will be concerned here wJ bh examlnlng the
effect that a nappf-ng unlt has upon rolcro-progrars for
speclflc machlne operatlons.

5.2 Arlthmetlc Operatlons.

It ls common praetlce to provlde
polnt and floatlng polni operatlons ln

both flxed
present day
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computer of reasonable slze. In analyzlng mlcno-
programs necessary to lmplement the conmon

arlthmetlc operatlons 1n flxed and floatlng polnt
formats, the followlng polnts may be noted:

(1) The conmon operatlons provlded wlthln a

computlng structure at machlne lnstnuctlon
leve1 are addltion, subtractlon,
multlpl-1cat1on, dj-vlslon and certaln unary
operations, e.g. load, negate, unload etc.
In general, more complex operatlons, e.g.

. square roots, slnes and coslnes etc., are
handled by machlne language lnstructlons.

(2) The only arlthmetlc operatlons generally
provlded at the hardware 1evel are that of
flxed polnt addltlon, and flxed polnt
complementatlon (s1gn reversal). AI1 other
operatlons can be lmplemented as a serles
of áddltlons and,/or complementatlons. For
example, a muItlpllcatlon may be performed
as a serles of mul-tipIler blt lnspectlons,
condltlonal addltlons and shlfts of the so
formed partlal product and mu1tlpI1er.

(3) Ftoatlng polnt representatlons employ a

notation of the form

N=f.2e
where N, the number representecl, 1s carrled
1n the computer as two flxeci polnt quantltles
f, a slgned flxed polnt fractlon
I/2 I lf'l ' 1r and e' a s1-gned flxed polnt
lnteger. The two quantltles'are commonly
packed lnto one computer word, sacrlflclng
some preclslon for an lncrease ln range.

(4) Floatlng polnt operatlons can be reduced r.o

a serles of flxed polnt operatlons upon the
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fractlonaL and exponentlal parts of the
numbers 1nvo1ved. Typlcally thls process
requires (a) s separatlon of the varlous
fractlons and exponents, (b) pre-condltlon-
1ng of some or all of these flxed polnt
quantltles, (c) the actual flxed oolnt
operatlons upor the quantltles, (d) post
condltlonlng of the resuLts and (e)
re-construction of the resuliant flxed polnt
fractlon ano exponent lnto the nornal
fl-oating polnt form.

îhe incluslon of a mapping unlt wlthln the
conputlng structure will-'facilltate the executlon of
a number of micro-operations encountered 1n arlthmetlc
processes, vl-z

(1) In the bulldlng up of complex operatlons
from a serles of slmpler baslc operatlons,
the mapplng flnds application as a masklng

devlce and as a varlable length shlfting
elenent. The mapplng unlt as a shiftlng
element 1s treated at some length in
Sectlon 5.3. l¡le present two examples of its
applicatlon here 1n arithmetlc operatlons.

Examrrle 1. In the addition af two slgned numbers

i{lrNZ, represented ln thelr floatlng polnt
rorms ft.2ul, fz.2u2, the result 1s glven by

fl = f1.2el+ fz.ze2 l5.rl
In the lnterests of accuracy, both floatlng
polnt numbers are assumeo to be normallzed,
{a¿.9. t

I/2:lrr, fzl. I LS.z)
Before addltlon of the fractlonal parts
occurs, the exponents must be strlpped
from the representatlons and the blnary
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polnts of the resultlng flxed polnt
fractlons must be aligned. In order that
overflow (tne loss of blts from the most
slgnlfleant end of a word) does not occur,
allgnment of binary polnts 1s accompllshed
by pre-shlfting tire fractlonal part of
the nunrber whose exponent 1s the lesser, a

dlstance to the rlght in places equal to
the difference of the exponents 1.e.,
if e1¿ ê2s

fl = (f r+f2 .Zez-e I ).2et ¡ 5.31
In the aoCltlon of two arbitany nu¡nbers rthe
length of pre-shlft may vary from zero to a

number equal to the length of the computer
word. Thls shlft nay be performed by one

operatlon of a mapplng unlt, addressed
relatlve to some base by the mooulus of the
dlfference of the twc exponents.
After the addltion has been performedrthe
result shouLd be normallzed, 1.e., the
resultant fractlon f reduced tor

r/2 : lf" = f r+f 2l< 1 t5.41
and the exponent 

", sultably adJusted.
From 5.2 1t follows that the range of f 1Sr

o:lr-|..e t5.51r'
whlch may be dlvlded lnto four sub-ranges
(t) Is I r_ l. 2 15.61' r'(2) r/2 sl rr I r 1 t5. zl
(3) o .lf*|. L/? t5.Bl
(4) lr"l =o t5.gl

Case (1) may be detected by the weLl known
overflow technlques. Nornallzatlon of such
a result may be performed by a slngIe r1g¡ùt
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shlft of the fractlon, together wlth an

lncrease of the exponent by 1.
Case(2) ls already normallzed and requlres
no further processlng.
Case (4) denotes a zero result whlch
obvluosly cannot be represented 1n normallzed
floatlng point form.
Case ( 3 ) requì.res that the resul.tant f ractlon
f_ be left shlfted an amount to satlsfyr
equatlon [ 5. ]l I, wlth approprlate
modlfleaticn to the exponent €r. Thls
amount wll-I depend upon the aetual values
of the addend and augend, and must be

determlned from an examlnatlon of fr. It ls
well known (Appendlx 4) that, for a slgneci
blnary fixed polnt 1, represented by a

blnary vector bIrb2rb3.......bn, uslng
dlmlnlshed radlx complements (oñef s
eomplements) for negatlve number represent-
atlons, lf

I/2:lf l'l [5.t01
then

br I bz [5.11]
Correspondinely lf

o:lf l. r/z [5,re]
then

bt =b2

A slmllar result holds for radtx cornplements
(twots complements) exeeptlng f = -I/?, when

f 1s represented by the blnary vector L100..
.¡.0.
Thls dlss1m1lar1ty of the slgn and most
slgnlflcant blts reveals a method for the
normallzatlon of case (3). The .resultant
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fractlon f ls left shlfted untll- ther
slgn blt of the representatlon ls un11ke
the most slgnlflcant data blt.This
normallzatlon operatlon may be performed
by repetitive appllcatlons of a slngle
shlft, each foliowed by a dlfference test
of the sign ano data bits. The process ter-
mlnates at ihe first time such a dlfference
1s detected. A napfii-ng unlt (or any multl-
posltlon shlft elenent ) may be used to
perform rrornâll-zaüIon ln a slngle operatlon,
provlded that the requi-red shlft distance
ls known. A rrshift detectorrr may be useo
Èo generate such a shlft length lndicatlon
from an examlnatlon of the register
contalnlng the fractlon fr.
The loglcaJ- deslgn for such a shlft
detector 1s presented ln Flg. 5.1. The AND

gates Al and A, and the 0R gate 01,
produce a s1gnal equlvalent to the 1og1caI
dlfference of two blts Bt and Br*r. If no
hlgher orde:: dlfferences have been founci
this sfgnal, ls app]led v1a gate O3 to a

dlode encooing nnatrlx, which produces
slgnals on the lines Lf_6 to lndicate the
appropriate length shlft, The loglcal
dlfference slgnaÌ 1s also applled to the
lower order clrcultry vla OZ to supF,ress
the lnJeetlon of less slgnlflcant
dlfference slgnals.
If thls log1ca1 operatlon ls applled to a
fractlon whlch ylelds -l/? on normaLlzatlon
when radix complements are used for negatlve
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number representatlon, âil incorrect
result fs obtalned. Fractlons whlch yleld
the anomalous result are of the form
111,...r10C....0,
a configuratlon which 1s slmply detected
by hai'dv¡a¡"e. F l.q 5.2 shows a iogleal
design for ine radix conpl-ement shift
dete ctor .

These ci.r"cuirs 3.r€: in log-;lcal form oniy,
ancì irnnLenentaiion of then may requlre
moCiflcat-j-ons cf bllese ceslgns to adapt
them to hard'v;are characteri-st1cs.

Examol-e 2.
lviuch attentj-on iras been gir,'en to 1-mproving

the efflciency of the multinilcation
operatlon [5.j , [6 j, [7].
The classicaì methoo of blnar)/ muJ-tlp1ica-
tl-on wlthin a oleital computer operates on

a princlple of examlnlng of a rnultloÌler
blt, addlng of the rnultiplicand to a

partlal oroduct tf thls muÌtlplier bit ls
a one, a shiftlnq of both nultiplier and
partial product one place to the rlghi. Thls
process c¡rcles until all- multipller bits
have been examined. In an n bit computer
therefore, n lnscections, n shlfts and an

average of n/2 adciltlons are performed 1n

each multinllcaticn. To imorove the
efflclency of the process, two approaches
are avallabie. The flrst conslsts of
speedlng the operatlon of addltion by the
provlslon of carry save addersr[8], stacked
adders i5l etc.rln an effort to decrease
total addltlon tlrne, whlch is a maJor
fraction of the total multloly tlne.
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Resu1t Reglster F11p-F1ops
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Thls clrcuit uses an encodlng matrlx ldent1cal
to the Shlft Detector of flgure 5.1. Thls matrlx
1s not shown here.
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The second approach I fO I ls to reduce the
number of addltlons taklng pl-ace by the
appllcatlcn of the ldentlty

2i
k
s
L

r-J
.i¿ 2k+1 t 5.131

Thls process, al-though lt necessltates the
provislon of addltion ano subtractlon
facilit 1es f o:- f cr.:r1ng tne nartlal produets ,
enabl-es the nultir;iier tc neglect t'strj_ngstt

of consecutive ciEits of the same vaiue ln
a muìtipi1er. For examcle, the rnulÈlpI1er.

0 L0 i 1110 0c 1"0 0 1L t_0 0 0

na:/ be recocieo,
10 (-r)000(-1)o0r(-1) 0100(-1)ooo

or more efficiently by lgnorlng lsolated Its,
10 ( - 1) 00 0 ( -r ) 00 01010 0 ( - 1) 0 o0

where a l- slsnifles an addltlon of the
multlpllcand to the partlal product, (-t)
slgnlfles a subtract of the multlpllcand
from the partial product and, O slelnlfles
no ehange to the partlal product.
A theoretlcal- study of the frequency of
operatlons 1n such a s-vstem glves an
average val.ue of n/3 l9l addltlons and
subtractlons per multlpllcat1on operatlon.
The multipller ls of course not physlcally
recodedrbut a sultable control_ effects the
requlred sequence of addltlons and
subtractlons. An lntegral part of thls
controJ. may be a shlftlng element driven by
a circult lnterro¡çatlng the multlpller for
blt strlngs. Upon encounterlng a strlng,
the control perforns the appropriate functlon,
lnterrogates a clrcult s1m11ar to tire
shlft detector of the prevlous examole fcr
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the requlred length of sh1ft, updates a

bit counter, performs the shlft on the
partlal product and multlpLler, and

cyeles. The mapplng unlt may play an

effectlve part 1n providlng a low cost
mu1tl-posltion shlftlng elemenb.
The reouctlon of floatlng oolnt formats
to fixed polnt quantLtLes, and the
re-comblnatlon of flxed nolnt quantlties
lnto floatlng polnt format 1s generally
accomnlisheci by the provlÉion of flxed,
speelal Durpose register lnterconneetlons.
These lnterconnections 1n effect provlde a

small number of rnapplng functions speclflc-
ally tailored to the machlne siructure
and the floatlng polnt fornat 1n use.
The flxed interconnectlon system suffers
from lnfl.exlbil-1ty ln that the use of
non-standard formats at maehine language
leveI ls effectlvely prohibited. (Interpret-
1ve prograrnmlng can be used wlth non-
standar.d formats, resultlng 1n the
degradatlon of machlne performance by at
least an order of magnltude, See below). The
provlsi-on of a manplng unlt ensures
flexlb1Iity 1n the cholce of floatlng point
formats that can be employed at any tlme
wlthln the computer. Although this feature
may not alone be sufflclent to Justify the
lncluslon of a mapplng unlt 1n a computer,
it does re-lnforce the case for lncluslon
and provldes excellent f1exlb1I1ty 1n the
cholce of operatlng formats at any time.
(The questlon of forrnat seleetlon and
f1exlbl11ty 1s dlscussed below in Sectlon 6).
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These two examples show the general flelds of
appllcatlon of the mapplng unlt withln arlthmetlc
nlcro-programs. It provides a oegree of f1exlblI1ty in
shlftlng functlons and 1n for¡rat resolutlon, at low
cost.

5.3. Shiftlne Operatl-ons.
.4s we have alread'¡ nc-ued in the prevlous sectlon,

the nar'c1ng unit may seÌ've âs ân extrenely fl_exlbLe
sliiftlng unit. The provision of suificlent maps
wi.thin the napoins. unlt al-lcws shlft oÞeratlons of all
lenEths to be oerfcrned 1n ti:e same time, in contrast
to a ì"arge class cf comoubers whereln lcnger shlft
cperatlons are executeo es a serles of shorter shifts.
As an exarnÞle, Flgure 5.3 presents a summâry of
CIRRUS shiftinq operatlons, both wlth ani wlthout the
lnclusion of a 36x!8 Oit manplng unit.

In the exlstlng structure, 1.e. withcuü the
mapping unlt, shift tlmes are orcporti.onai to the
distance shlfted, whlch 1s a consequence of the fact
that the ¡nicro-structure of the exlsting CIRRUS

contalns provlslon only for si_ngle place shlfts. The
augrnented structure, i.e. lncluding the mapplng unit,
perforns the shif,ts as a nnaoplng operatlcn regardless
of shlft length. l4lcro-Dl'ograns and s:e,:rple.mapplng
data for both the existinE and augmented CIRRUS

structures are glven 1n Appendix 5.

5. 4. Branchlng Operations .

The mapplng unit does not assist greatly 1n the
executlon of branchlng operatlons, although rBranch on
Bltr! fac1l1tles may be provlded. wlthln the bit
han<illng system. (See Sectlon 5.5 bel_ow).
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B1t and Character Handllng Operatlons.

Provlded that the computer addresslng system has
sufflclent f1ex1b1l1ty to reach below the r¿ord 1eve1,
a flexlble sub-word (either bit cr charaeter)
programmlng system can be lmplemented. The more
slgnificant part cf en address is used, a.s a store
address to ¡'etrleve one rr'crd, of data. The less
significant part cf a wor.cì cân then be used as a rnan

address to mask ano shift tile cieslred blt ( or
character) out of the word ir¡to a standard format.
Flgure 5 . 11 shows a pos s 1b le character operat ion w1thln
the CIFRUS augmented strueture,

the CÏRRUS sysiem 'ls not wel-L aCapted for thls
¡node of operatlon slnce the blnary addresslng scheme
does not f1t well wlth packlng slx 6-blt characters
to a nemcry word. Slmilarly, the blt addresslng system
using blnar¡l addressing and 36-b1t words 1s wasteful of
address space and adciress arlthmetic becomes rather
complex. Rather more efflclent 1n progranming terms,
(Uut wasteful of maln store space) ts to al1ow oniy

Ã

32-bits (zt) to be aodressed ln any word, and pack
four 8-b1t characters to a woro, (See Flgure 5.Ð.
5 .6 . Mas kins anci Shi ft lng Instruct j-cns .

Machlne lnstructlons for the purpose of masking
(Iog1cal AND functlon) and shiftlng data wtthln
computlng structures are standard facllitles on
almost all computers at the present time. The provlslon
of a mapplng unlt makes avalÌab1e a wlde ranete of
comblned rnasklng and shlfting operations wlthin the
mlcro-structure of the computer. By appronrlately
llnklng control of the mapplng unlt to the programmer
vla a speclal machlne lnstructlon, the flexibillty of
the mapping unlt 1s avallable to the machlne ianguage
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programrTrer and to tne general
instructlon for the auqnented
oetai-1ed ln Appendix 6.

u.ser. Such an

CIRRUS structure is
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A=B lÊ C+

I
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Un1t.
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Character Handli wi-th theF1 ure 5.4.
Six 6-blt Charaeters oer Word.

1n tlni t
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Stor.e Addre-<s
A B*

¡

I
Character Addr{ess

Adder

Map Adclres s

0

A

B

*

0.............0

liapolne Unlt

Output Peqlster

.5. Character Handlln wlth the lulaF1 ure
Four 8-¡tt characters per Word.

1n Unlt
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6. l. Standaro Data Forms.

I'lost present day connputers offer a set of
Jnternai data representaticn whj.ch fall lnto four
classes, vrz, fixed ooilll ar.j.thnetlc reDresentatlons,
fLoatlng point arlthmetic resÐresentatlons, alnha
nuneric character reÞr'ese¡ita.ti.ons and. bcolean
vaiueo- varlabie resÞresentati.ons. oiher. scecial
purpose reÞresentatiorrs are sorneti-nes 1ncluoed. rn
general, 'r,he paraì-lei bJ-nary coinputer w111 use only
cne defillite format fc-rr each cLass of reoresentatlon
and the provlsl-on of further d.i.stlnet forrnats 1s
iinfted by the inabilit;¡ of instructi.ons aoorying to
each cl-ass of representations to accommodate themselves
to al-ternate f ormats.

6.2. Interpretive ProErarnm ins.

Ä uechnique cf lntroduclng non-standarci formats
and operatlons on the lnformat.aon reDresented l_n

these formais, lnto ihe computer 1s well- known es
interpretive programmj-nq. Bas1ca11y lnformatlon ln the
non-standard representatlon 1s broken down by standarci
machlne operatlons lnto a number of pleces of
lnformation, each represented 1n a standaro forrnab.
standard machlne operatlons then perform the requlreo
lnforlnation upon the comnonents and the resur.t 1s
re-assembled lnto the non-stanoard forrnat. By calling
each ooeratlon on non-standard lnformatlon vla a sub-
routlne, a relatlvely simple prograrilnlng technique
ls obtalned. However, the systern suffers from inefflclency
slnce each non-standard ooeratlon is performed bv a
number of standard machlne lnstructlons.

Thls lnefflciency may be tolerated .if 1t lea,cs
to a decrease ln hardware cost. For exampJ-e, on
smaller computers, floatlng polnt hardware may be omltted
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and floating polnt operations Ðerformed as a serles of
fixed polnt operatlons in order to lower hardware
costs. fnfrequently used forrnats, e.g. double
r¡u'eclsion, cônplex ar:_thmetlc etc. are normally
prcvlci.ed aS lnterfrretivel;.' nrosra¡:ned soltware
f ea,tures on nearl¡7 al-l ltsclentifl_cil cornnuters.

6.3, Provislon of Al-ternaie Fornats.

At the rnlcrc-l_eve l cf operat lons wlthin a computer,
1.e. generailv at the harov¡are 1eveI, cperations are
oerformeo on essentlail:¡ llxed polnt quantities durinq
arlthnetlc funetlons and boclean vectors durlng
ioglcal and character oreratlons. These r'¡nj_cro-

forins, (io nct necessarlrv bear a slmpr-e correspondence
to the fornats of Cata representatlons usecl at the
machlne languaee level-. For examp3.e, a floatlng oolnt
number j-n CIFRUS consists of fractlon and lnterger
packed tosether wlth1n one machlne lanEuaqe wcrd of
36 b1t s. liowever, duri-ng nicro-operations uDon thls
floating polnt representatlonrthe exponent and
fractlon are separated to enabre fixed Frolnt operatlons
to be performed upon bcth parts. (See Flg 6,L.).

The pi'cvlsion of an extenqed set of machine
language daia formats reduces to a problem of
provlding an aporoprlate set of transformatlons
w1th1n the hardware, whlch w111 reduce the lnformatlon
contained 1n the machine language lever format to an
equlvalent set of quantltles 1n nlcro-format
reDresentatlons. Thls llmited range of ml-cro-forrnats
may then be manlpulateo by exlstlng mlcro-operatlons
sequences to yleld a deslred result and thls result
may then be re-formed into the non-standard format bei_ng
used.
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The transfornatlon of machlne language formats
to mlcro-formats and vice versa 1s at present
normally performed by a set of snecial purpose
reglster lnterconnectlons oerforrnlng masklng and!
shLftlng functlons to isoiate or preoare varlous
miero-formatted quantities from a machine language
fornat. This technique 1s verv efficlent for any glven
fornat, but the provisicn of a range of nachine
language formats requì-res a range of transforrnatlon
lnterconnectlons, one or more for each format, whlcli
leads to unvrleldy hardware lmplementatlons.

If a set of alternati-ve machlne language formats
are provided withln the computer, two methocis are
availabie for transformatlon generation at the
micro-1eve l- :

(a) A set of specla)- Þurpose reglster lnter-
connectlons can be inplemented to effect
micro-format separation and con.lunctlcn.

(b) Transformatlons between formats may be

accompllshed by a comblnatlon of loglcaL
AND, 0R and shifting mlcro-operatlons.

Method (b) suffers from lack of speed partlcularJ.y
when operatlng upon complex formats. Method (a) can be

lmplemented by dlrect connectlons whlch lncreases
the complexlty of both the hardware and the control of
the computer.

By uslng a mapping unlt as the fornat converter,
hlgh speed, excellent flexlb111ty anci simple control
of the computer are obtaj-ned.

6.4. Provlslon of Non-standard Operatlons.

The provlslon of non-standard operatlons aE

machlne language leve1 on both standard and non-
standard forrnats may be accompllshed by lnterpretlve
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programmlng as descrlbed above. However, the Low

computlng rate of thls form of program may render
deslrable the prcvlsion of non-standard operatlons
at the macì:lne language Level in an effort to
1-mprove the compuLlng rate.

An analysi-s of the re,:uired cçreration, together
wlth ihe data formats on wnlch lt perfor¡ns, w1IÌ
establlsh a mj-cro-program which will effect the
requlreci cata modlficatlcns. The efficlency of this
mlcro-progran wl11 depend upon a number of factors,
chief of whlch revolves about the sultabitity of the
set cf micro-ooeratlons avaiiable to impiement the
requlred operatlon.

6.=. An examoÌe- Quarter-þlord Cneraticn 1n CIRRUS.

Some tl¡ne after CIRRLIS was commlssioned, two
d1r'ect-vlew storage oscllloscopes r{ere added to the
operatlng consoles for the dlso1a¡r of operating :

rnessages and graphical data. The actlve area of each
of these displays consists of a square arral¡ of
5J-2x5I2 elements, any of which can be j.ntensifled by
transmltting lts co-ordinates from the C.P.U. to the
rscope. fn the lnterests of storage efflciency wlthln
the computer, 1t has been proposed that co-ordlnate
palrs be packed lnto a CIRRUS half-word of 18 b1ts.
Each co-ordlnate consi-sts of 9 blts and oecupi-es a
CIF.RUS machlne language Itquarterrl word. Slnce CIRRUS

operates on 18 btt flxed polnt quantltles at the
hardware (ana miero-code) leve], arlthmetlc operatlons
on lndlvldual co-ordlnates are compl_lcated by

(a) The posltfon of the co-ordinate wlthln the
CIRRUS word,

and(b) The presenee of one other 9 bit co-ordlnate
wlthln the haLf-word format, creatlng dangers
of tts olstortl_on and/or obliteratlon.
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A total of eleven new operatlon types have been

deslgned to facllltate 9 b1t lnteger arlthmetlc.
Table 6.1 pi'esents a surnmary of these operatlons,
whlch have been written for the CïRRUS structure
augmented by a 36x18 mapping unlt (see Appendlx 2). For
comparlson, a set of interpretlve routlnes were wrltten
to perform the same functions in the exlstlng CIRRUS

structure. Table 6.2 presents a comparison of the
executj-on tlmes of each type of operation. A very
conslderable savlng ln tlme results from the use of the
mapolng unit to nrovlde format transfor'¡natlons. Appendix
7 gi.ves some llstlnss of typlcal forrns of both the
mlcro-programs and lnterpretlve sub-routlnes.
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The CIRRUS machlne language forrnat ls:
(vari-ant ) ( function) (y-reglster) (x-address )

v fn 17 x
The oata format for the quarter-word
representation .i_s

(1)

(2)

(3)

v
Y

abcd
ABCD

Negative quantities are renresenteo 1n
tr,¡o I s comnlements.

Function Variant Operatlon

PYQ

NYQ

PXQ

RPQ

SYQ

A+¡

B+b
C -+c

D+o
-A *a

-il +b

-C +c

-D *d
a+A
þ+B
c+C
d+D
a +ArBrcrD
b +ArBrCrD

c +.q ,B , C,, D,

o +ArBrCrD

A*a+a, Btb+b
C*a+a, Dib-+b

A*c+C, B*d+d
C*c+e, D*d+d

Flsure 6.1. Quarter Lensth Arlthmet.lc fnstructlons.
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Functlon Variant .OperatÍon

DYQ

RYQ

IViPQ

PTQ

NTQ

zrq

A-a+â r

C-a+â r

A-c+c r

C- C+C r

a-A+a,
a-C+a r

e-A+c r

c-C+c ¡

axA+ar
ax0+a r

exA+c r

ex0+c,
Branch
Braneh
Branch
Branch
Branch
Branch
Branch
Bnanch

Branch
Branch
Branch
Branch

B-b+b

D-b+b

B-d+d

D-d+d
b-B+b

b-D+b

d-B+d
d-D-¡d

bxB+b

bxD+b

dxB+d

dxD+d

toxlf
toxlf
toxif
toxif
toxlf
toxlf
toxif
toxlf
toxlf
toxlf
toxlf
toxlf

posltlve
posltive
pos 1t1ve
posltlve
negatlve
negat lve
negative
negatlve
ze?o

ze?o
ze?o

zero

a

b

e

d

ct

b

c

d

d.

b

c

d

Table 6.1 cont Quarter teneth Arithmetlc Inst ructlons.



Function
Execut j-on tlmes (mlcro-seconds )

Ml cro-o¡r€Pât ions
wlth rnanoing unlt. *

Interpretively
programmed.

49.i
52.0
\9.;
4o. r
En tr
)lo-)

84.0
8¿1. o

129.C

i2.5
51.0
51.0

580

700

610

1 780

3i6c
316 0

32110

3 510

6To

520

560

PY8

NYQ

PXQ

FPÇ

SYQ

DYQ

RYQ

IIÏPQ

PTQ

NTQ

ZTQ

T4

The ooeratlôns r.epresented b1¡ these flgures lnelude
one lnstructlon extractlon, modlflcatlon and

lnterpretatlon cycIe.
The executlon times given are averages over ail
legal- varlants.

rN B

Table 6.2. C S

Length Instruqtlcns.
of Executlon Tlmes of rter
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7.l,, Fequlrements and ì.ref lnitions .

Durinq f,he Ìast decaoe, the electronlc disltal
conouEer has been accerteci as e useful- tool ir-i a
larr:e nunber of area-q . l'iii s ac cent-alrce has been

achiel'ed nr1ncinail¡r tt.' ti:e coniinulrtr j.-rrnrc'vemenr- of
botir nârcl,iare technol oq,,' ¿r¡:ri scfltware sunnort
faciÌ'l tíes, re-sul-tilr..' ili rcilabil-liv anci cast/
coniruta t lon f i ¡ures r-wc cf' tnree or.-ter"s cí' nagnltude
betLer ihan tnose obtainabie ten yeârs eso. This
lncreased acceptance of ccinlouters has resul-ted ln a

iarne nunber of new instailations bein.q ccnrnlssioned
in both the scl.entlfic anC conn'.ercla] f ie1ds. In
adclticn, a iarse nu¡nber of exi-sting lnstaLl-ations
have -been re-equippecl'oecause cf obsolescence or
lncreaseo r^¡ork l-oaci.

Thi s sl-Èuatlon has cr.eateci two f ac+"ors rrhlcrr
are of scîe innortance:-

(a) A larÂe ainount of nrcgraÍÌrnlntr efj'ort j-s

beln¡: exnenoeri by lnoividual- uses ln
dupllcatins a.l-reaiy exlstinq Drograns. î¡
aooitlon, nany Ðrograrns alreaci.¡ exjstinçr
for one type of computer have to be

translated, elbner mechanicali'r cr
manually, irr order that thev na¡' run on

other macÌ:ine types.
(b ) When an instaLlatlon 1s re-equlnÞed r 1r- 1s

ccmmonly deslrable, ln the first lnstance
at le.ast, to malntain scme of the software
facllltles and operatlng procedures used
by the cornputer belne replaced. Thls Íneans

thrat all, such software and oroductlon
proErams must be re-wr1tten, an expensive
and tlme consuminF operatlon, or alternatlvely
the new comouter 1s r"estrlcted tc those
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machines i"rhi ch are eomÞat1ble wlth the
replaced co¡ncuter.

A thlrd facior is ii.kelv to be lmnortant ln the
near future, when nulti-user, nu1tl-coffir;.uter networks
connected v1a disitaÌ transnission l-1nks r,¡111 become

coninon. These systens envl-sage a I'oynarni crr execution
scherne, v,r¡rereln lndividuai ,jobs a?e routed to li1e
cor::nuters. Any user eanno+, therefore oredi-ct l,Ihich
Drccessor j-s acrual,I¡l perlorrning hls ccnnutaÈion, and
hence hls Ðrcqran must be executabie on alt coillputers
l-n ¡he s¡r'stem, i.e. ¡nake no relerence, lrnpÌicit or
e¡.pì1cit, to machlne structure, unless e1r-.her he is
a.ble to call fcr executl-on cn a nartlcular comnuter,
v;hereuoon several of, ihe aovantages of a multl-
cor¡nuter s;¡stem are lost, or all conouiers l-n the
systen are compatible with one ancther.

It 1s the purnose of thls sectlcn of the çhesis
to stud¡l the problens a-:"isins 1n the nrovislcn cf
compati-biitt¡¡ between t',vo comnuter.s . In part1cular.,
some of the problerns arislnE 1n a machlne code

coinpatiblllty scheme w111 be lnvestigated.
Some terms used wlthln this sectlon are now

defined
If all valid prorrams, nhose operatlons are

lndepenoent of thelr executlon tlme anC speed, yield
trdent1caI results r,¡hen run on two basicallv dlfferent
computers, thãn those connuters are sa1d, tc be

comDatlbl.e.
The rsourcetrcomÞuter s:fstem, conslsti-ng of the

source hardware and the source software, 1s that
system whose eahracterlstlcs are to be lr,rolemented
w1th1n sone allen computer system. Thls alien s¡¡stem 1s

cal,lei the rf hostrf s¡/stem. The rrhostrt hardware nay be

run under two software systems:-
(a) the normal host software, whlch is that
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softh'are deslgned for the host hardware
without anv cornnatlblì-it¡7 feature as a
des ien cri terì on. Thi s system 1s ideal_Iy
the most eilic:!-ent rnethod cf oneratlns tne
host hardwar.e.

(b) the ob.iect software, wilicn is desisned tc
render the host and source cornnuter
systems cornnatible. The host hardware
olus fhe ob.ject software is known âs the
ob.ject s¡rsten.

Obvlousl¡r there are a Larse nunber of obJect
sol'tware s;rstems of varvinq ef f ici encies fcr an¡r glven
host hardware and source comnuter.

In a11 situatlons consldered hereafter, it is
assumeci that the host computer contains at Least
sufflcient storage caDaclti¡ ano at least the requlred
number and t),'Ðes cf innut/output unlts tc render
coÍnpatiblìity wlth the source system Ðosslble.

7 .2. Compat i-b1Iit y via Hlsh LeveÌ Lanquases.

Procedure orlenteo Ìanguages (p.O.L.) now in
commcn use, e.s. FøRTRA}I , ALGøL, CØBØL etc., nay be
used to achleve compatlbltity between comouter
systems. Any program wrltten 1n the p.0.L. ma:r' be
compl-ì-ed (i.e. transrated to nachlne languaee) by two
computers, and wlthln the 11m1,tat1ons of the word
leneth, inout/output formats and tyoes and compller
equlvalence, identlcal results shourd be obtalned. Thls
technique ls sultable for orograms where no reference
ls made to machine structures, 1.e. no machlne ranquage
sun-r.outines or functlons are lncluded ln the DroÃram.
References to any machlne language w111 lnvalldate
thls procedure.

Hlghe4 level languages, e.g. problem orlented
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languages such as ST.a.ESS , COGO

languares such as LISF, FØFì'iAC

s 1n1Lâr- lrranner,

öata strueturec
be used in à

UVv.,

etc.,
and

ean

7.3. l'iachine Lai-iguaqe Ccn¡aiiir j iiL

I:iiiuati-ons nel/ arise whe:'e p.o.L, coripatit'1lit,¡
is lnsuff icieni. Cften, i+hen a Droqran j_s wr,ltteri in
assemb'Ll¡ coce lor reasonÊ ¡f saeed enaicr ef f icienc..,,
the j-nvestnent of tine ano nonel.¡ in such e nroÉ¡ram 1s
cf â liiqher orciei- than i.n a p.C.L, pro¡:rem, anÕ 1t is
desira'o1e that such Droqranis oe transfer.¡.ao1e to
other. na,3h1nes.

Thls tr.ansferral rna'¡ be effecteq'.¡,y two baslc
tecnnlques.

7.3.1. Transl-ation of i{echine fnstructions.
The or1-ginal Drcflrâ-Ìir rÌrâ];¡ be Ì'e-Ðrcqram¡ned usins

the ohilcsophles ano st:-uciures of the o¡,1-ginal- prosran
but usins hcst nlachine instruct ions , TÌ:is procei.ure
malr be relatively strai¡hi forvcard i.r data structures
and onerational techniq.Jes can be Ðreserved, bui will_
become increaslngìy coniplex as basic differences (e.g
word Lensths, machlne instructj_on sets, oneratlng
modes etc. ) develop between computers.

Some work has been devoteo to rnechanlzlng the
translation of machlne languaees [21].

If the host and source systerns are of slmllar
structure, 1t may be nosslble to translale tne ma..ioriiy
of machine lnstructlons between the source and obJect
programs on a L:L bas1s, For those source rnachine
lnstructlons whlch have no host equrvarents, a set of
host nachlne lnstructlorrs having an equlvalent functlon
may be oeflned, 1.e. 1:n lnstructlon equlvalences are
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useo. The translator technicue can also be made to
evaluate n:i lnstructlon equivelence situatlons 1n the
interests of incrovec ob.ìecÈ executlon eiflcl-ency. As

the number of l- : n tråns -la.t ions increeseÍl , cbvious 1-'',r the
computlng rate of t-he ob.i ect nrogram is cecreased,
and if ai-ternale neihcds exj-st for nerfor.ninÊ a. slniiar
iunction in lewer instructl-orrs, f,he eÍf1cl-encl,' of t-he

cb,'iect Droqran also decreâses.
For rnaxirrrum eÍ-l'iclenc:r' it 1s *"her"efcre deslrabLe

that ihe source ano host l¡?-chine languase sets be

closelv re.i-ated.
If Cata iornats are rnarkeil¡¡ cilllerent in the

scurce ancl. hcst connuter"s (e.i¡. Darallel ccnputers
lvlth ii-fferen*v wcr-d ienqths, charaeter and aarallel
rnachines , eic. ) care rrusi be taken to rationaiize
data oneraticns invo.l-rr1n: nari wor"Cs . For exannie , Ln

the construct:-on of s.,'lïriioi tabl-es b:,i ccì"nDi-lers, nân.\'

iifferent nara.rneters ;nair be Ðacked intc ?. sinc'le wcrd
to i¡nnr"cve storaq'e eflf icienev. The :'atlonal izai-ian
of such øeneric dlfferences nâl/ be bevond the :ìeorre cf
a mechanlcal translator'.

7.3.2 Simujation of the Source Systen"

Connatibll-it1,' betrveen tire source and ob; ect
systens may be achieved b¡¡ simuLa+.ing the source
comcuter upon the hosl hardware. The host concuter wil-l
then accect source rnachine language instructi.ons and

data forms and execute the scurce proflrain under the
control of the slrnuiator. The effectiveness of such a

technique wlil depend i¡pon the rnethod of inplementalion
of the slmulator within the host hardware.

If any form of lnterpretive machine ìanguage
progrernminE ls used, a heavy penalty 1s nald i-n terrns
of the ob j ect system comnutlng speeo. Ae an exarnpJ.e,
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consl-cler the well- acju-sted quarter length lnterpretlr,'e
operat j-ons outLined 1n Section 6. ''¡ie may consioer
another CIF.RUS erc'u'lcied ',vJth these quarter lenpSth

oneratl-ons as the hynothetical source concuter, and

the exisç1ng CIRFUS concuLer es ihe hos t haro'*'are . The

source <iata forrirats userl a¡.e we.l-i sui-ted to tiie slrnuì-
ating cor¡Ðuter, ancÌ'1j-ttl-e or nc interpretation of
lnstruction âs such is neecleo" The execution tlmes
ouoted reoresent an averaee ílriure of 34 machine
fanquaøe cneratlons 1n the hcst hardware for each
soui'ce lnstruction executec in the slntrlatcr. Thls
f 1øure w-ill- lnerease 1f instruction exr-raction,
mooiiicaLlon anC i-nterpret-atl-on sequences are l-ncluded
1n the s i¡¡iulator' .

Even for better natchi-nc. host ani so'irce
comnuters, a Lower 11nit of tì're order of some tens of
host lnstructions exri cuted. per scurce lnstr:uctlcn
executeC , is encounterec.. Fcr exernnle, tne
lmplementation of a f'tracetrroutine (a oevlce for
fo11or.¡ing Drogram execution oaths and detecti-ng
lntermedlate resuiis) ls cornmonly provlded on most
comnuters and tal,:es the form of a vertf simnLe slmul-ator
of a ccilputer upon ltself, and utilizes the equivalence
of the host and source instructlon sets. A trace routlne
wrltten for CIRRUS perlorins essentlally 25-30
instructlons 1n the trace lootr for each Droqram lnstructlon
executed. Prlnting ootions may sf-gnlficantl¡r lncrease
thls fleure.

An afternative form of slmulator is avalLable
on the machlnes whlch are controll-ed via modifiabLe
mlcro:program stores. Generally, the micro-oi'oq.raa
store takes ihe form of flxed or read oni:- stora{e
whlcir ls read once per machlne cycl.e to nrovlded
operational tlming patterns and functlonal unlt
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lnterconnections for that cycle. Flxed storage 1s
electronlcally unmodif iabl_e, but 1n man-l hardware
forms cf the unlt, ch¡¡sical- modiflcatlon of the
storeo lnfor¡nation 1s ûossible.

Bv modifyine the set of r¡1ct:o-lrrc{i'ans for a

computer, dlfferent o¡eraLicna] sequences ma:¡ be

f orrneci which corresoono t o ne',.J machlne i.nstructions .

Theref ore, by re-ceslEnlnr the nicr.o-proqrains wi-thin
the fixed store to conforn to the source conputer
sDecifications, ii is oosslbl-e to pr.ovlde rnachine
lanauage eonÞatlb1l1t-¡ wlth tÌre cource co¡nnuÈer" 1n

the host hardware.
This compati-b11it:¿ is es sent ia11..,' e one-!¡ay

comnatlbi-lity fror,r tne source s:¡stem tc the host
sys'uem. It is reasonã.Die tc expect that- the r.atio of
the conputatl-ons rates of the hcst harcware under the
mlcro-ni'orrammed sinu Lator ano the nornal- Ìiost soltware
w11l be qreater than unlt¡r, but at reast zn crcier
of nagnltuoe bette:: than the lntercretive nrosraiîmini"
rates dlscus.sed abcve. (ÌJote the.t i-f the ratlo of the
rates i-s less than unit.¿, the objecl systern 1s a
trbet+.errt system tha.n the orlslnal-Iy des lqned system,
and there 1s no advantaøe ln writins further oroqrams
1n the host system).

In ihe followln* sub-sections r wê wl1,1 discuss
some of the oroblems ASSoclated wlth the inolementailon
of a mlcro-Drogrammed simulator, and examnles w111. be

drar.rn frorn a stud¡r of tire lnplementatlon of a

commercial. system, the IBt4 Syster..r,/J63, vllthin the
CIRRUS computer.
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Mlcro-programmed Slmulators .

Depth of Slmulation.

The ra-nge of slrnul-atlon technlques for
achlevlng compat1bll1ty 1s extensive. One extreme
1s lmnLiclt ln the executlon of the same prccedure
orlented language oroeran by tv¡c different cornputers.
The comeuters have 'oeen arranged for the Durposes
of tnls comoutatlon as a set of named data locations
ano a tlme ordered set of transfers and ncdlfications
nave been sÐecifled on boti¡ co¡nputers f o achi,eve a

deslred resul-t. The trvo computers ere functionail¡¡
equlvalent or comnailble whlist operatlns on thls
P.O.L. Ðrogram. At the other end of the range, wê

can consj"der two computers oneratlng unon ldent1cal
programs wlth ldentlcaL hardware. Thls is a trlvlal-
sltuation; the cornputers are either loentlcaI (an

orislnal and e copy), or one comnuter structure
contalns the other as a sub-set.

i'l1cro-programned slmulators l1e somewhere

between these two extremes, and 1t 1s lnnportant to
determlne the depth to whlch the slmulator must be
trawarerr of the detalled ooeratlons of the scuree
computer. It 1s of course essentlal to provlde
adequate storage a.nd oeripheral unlts, but the actual
degree to whlch the detailed operatlon of these unlts
and the detalled operatlon of source arlthrnetlc proc-
esses must be sl¡nulated w111 have a large effeet upon
the efflcleney and effectlveness of the compatlble
computer.

The reallzatlon that the loglcal- structure of a

computer as seen by a programmer, and the englneerrs
hardware structure lmplementing thls Iogical structure,
are two separate entltles Ifl¡ allows a definltlon of
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the leve] of slmulatlon to be provi.ded 1n a compatlble
computer. Namely, all lcfrlcal features vislble zt
the deslred compatj-bility level must be provlded b¡t

the slmulator lf the slmulation is to be functlonally
complete. A f eature 1s vislbl-e lf 1ts value ls
possibl:¡ necessary 1n tire execution of two or more

distlnct ooerations. the value associated wlth such a

feature must 'oe retained between two dis+"inct (and

therelore tlme senarated) ooerations, anci tt may be

useC by a r"hirci oneratiori intercosed between the
orlginaf onerat j-ons . Ac the machi-ne lanEuaqe )-evel,
vlslbIe f eatures are stora.Êe l-ocatlons, 1-ndex

registers, sequence ccunters, general ourpose program

reqlsters etc. Hardware reqlsterS holcilnø partlai resurts
useo only wlthln a slngle machine instrucblon are
lnvlslble, and need not be orovided ln the slrnulator.

7 4.2. Internal Formats in a l41cro-nrogrammed Slmuiaior.

When lmclementlnq a mlcro-nroqrammed slrnulator
to effect cornpatlblllty between the source and the
host comouters, severaL nrobl-erns occur whlch are
connected wlth fcrmats. FlrstIy, the two computers
may be of baslcali.r¡ r1l-f ferl-nq t-ypes €. fl. the source
computer maSr operate as a character (serla]) machlne

and the host cornnuter ¡nay be a. parallel blnar¡¡
machlne, etc. Secondl¡¡, even 1f both computers are
parallel, cilfferlng worcis between the cor,rputers wf 11

l-nvolve some difflcul-t1es. ThlrdIv, fornats and codes

used by each machlne may dlffer w1de1y, partlcularly
1n data reÐresentatlon.

These problems mâV be resolved lnto three
general areas.

Storaqe
The efflclency and ease of storage of source
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format wcrds w1th1n the host rnemory depends entlrely
upon the relatlve woro len,qths of the scurce ancl

host rnach1nes . For exâmole, 1f 1007, memorl/ ut111zatlon
is to be achleved wlth olsslnllar worq lengths r âñ

l-nvolved source address to eouivalent host address
transforrnatlon 1s re.:ui-red si-nce source word

bounciaries will aLmcst certainl¡' overì-ap the host
word bounoari-es ( see lrir. 7. 1a) . If overlan does

occuÌ", tiren rnuLtipie ?-cccsses to host storage must

occur anci ihe words so obtaj-ned rnust be rile-skeo, shifted
arrd rnerseci io obtaln the soLlrce memory wcrd requested.
If A J 5 'u,he reoul reC source aodress

ù
s 1s the scLlrce system wcro l-en,qth,
h 1s ihe host systern word length,

and [xI reoi'esents the integra] part cfl x, then
the requlred host addrest Ah contalning at l-east the
flrst blt cf A ls c.tven b:¡

An = s. IAslhi +i(4.-h.[Aslhi) .(s/h).] t7.11

and a further k memory access must be made to ensure
that the last blt of A= ls obtained, where k satlsfles

(A_+l-) . s< (¡.,^+1+k) . h 17.2)'sn
If the values of h anci s are such tfiat these equatlons
oo not reouce to slmoLe operations, such as shlftlnø and

nrasklng, 1t ls doubtful that thls addresslng problem
can'be effectively solved as lt stands. For examrrle, 1f
s =36r. h=48, equatlon T.L becomes

A.h = 36 x [Asl48] + [(n"-18 [As/48]) x 3/\l
and dlvlslon by 48 ls dlfflcult slnce lt ls lneommen-

surate with any povrer of 2.
An alternatlve rnethod whlch sacrlfices storage

efficlency fcr addresslng slm-c11cltyrtrs to use an

extended source word wlthln the host hardware. By
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Slmulated Souree Mernory Words

Host I{arclware Menor:¡ Words
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Simul-ated Source isemory Words

Host Hardware Mernory Words
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selectlng an extended scurce length whlch 1s related
by. a po,rrer of 2 to the hcst word lensth, slmpIe
address decodlng becor,res possj.ble (see Flg,.7.1b). In
the above example, the sinulated source '^¡crd lensth
wauld be increased to 48 ¡tts so that

,t{. = A
hc1i

but the storage eif ici-ency lails to 75%.

In ca.ses v;he:-e s<h/Z, the storaee of t'¿¡o or ncre
scurce cornnuter rvords per hos¡ woro beccnes feaslble,
The extracti.orr and lnsert', on of lndiviriuai y¡crds

f:'on host words then lnvol-ves masking ancl shifElnq
functions, anû the lnciusion of a maonlnq unit
subsiantlall-¡¡ si¡nn11fies tl:ese ooerations,

ïn the mlcro-simulatlon of a character-serlal
nachine unon e paraìl-ei comnuter, adciresslng and
extractj-on problens are substantiâlL:; sirnllar to the
case of s<h/2. For ontirnum adCressinE efficiency, the
nurnber of source characiers per host word shoulci be a

power of 2. If this is noi so, the lnjection of
rrwastett blts as describeo above, h¡I11 decrease the
storaøe efficlenclr, trut retains a slmpie addresslng
scheme.

Arithmet 1 c .

The efflcLent slrnulatÍon of soìirce arlthmetic
operati-ons wlthln the host hardware deoends to a large
extent upon the ratlo of word J-engths of the source ano
host computers. ff S.h, arlthnetlc operatlons are
comparatlvely stralght forward. The source words can be

extended to the length of host words by the lnJection
of apnroprlate blts aE the hlgher (integral) of lower
(fractlonal) ends of words, vrhereupon normal host
arlthmetlc can be performed, lf due regard 1s pald to
overflow posltions etc. Source formats rnay be re-
Eçenerated prlor to the return of resul_ts tc store.
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liowever, lf srh, 1. e. a source v¡ord occuples more than
one host word, olfflculties rßay ar1se. In partlcular,
the host hardware must Derforrn operatlons upon part
leneth source words. The provlsion of part length
arlthinetic (with respect'r,o the source system) intro-
quces oroblems of partial r'esult generatlon and

storage (see F1g 7.2). Both nartlal result and storaqe
will tend ta s1oi,1¡ the coeration af the nlcr.o-programmed
sinuLator'. The necessitv of Feneratlng a nun'oer of
cart I aÌ resuits lneans lncreaseci computlnçr tlme 1s

required for any operatj-ons and the formatlcn cf
partlal. results lmplies that they must be helci
a'u'a1lable to the cornÞuter for sunsequent trrocesslnq. As

most comÞuùers are sunplleci wlth oni¡r a minf-murn amount

of f ast hardware stora¡ze ( stablc reg'lsters ) , these
partlal results mal/ have to be stored wlthln some

form of locai memory fcr a tlme. The ooerati-on tlmes
of storinfz' and retrlevlng f,artlal resul-ts wll-1 add to
the overheao of the slrnulator, reduclns its conoutinq
rate.

The Cata forrnats useci wlthln the source'x systeni
wlLl have to be resol-ved lnto entltles that the host
hardware can neanlnefullv ooerate upon. Format
resoLutlon has alreaoy i:een dlscussed 1n Sectlon 6,
The provlslon of a naoplng unlt results ln a fl-exlble
data transformatlon ab111ty r.¡lthln the host harovrare,
enabllng raold re-formattlng of simulated source
data formats.

Fiowever, one lnescapable problem may arlse 1n
the arlthmetlc sectlon of a compatlbll.lty stuci;y. It
occurs ln the representations of negatlve numbers where
two forms are ln common use, vIz, radlx complements
(2ts complements) and dlminlshed radlx complements
(1ts complements). DifferentfaútOn between these svstems
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norrnall¡/ eXists wlthin haroware entitles below the

level of mlcro-nrcqran control, orinclpalf:¡ 1n the

loglcat deslqns of the adoer(s) and ionplernenting

clrcuitry. As the forn of negatlve number representation
is visibl-e at the naci:lne lansuage ie5e1, stcrage must

occul. in t.ire scurce reÐresent.atlon 1f cornaatlbllit:¡
is to be orovlcleci, but arithinetlc nust be oerforned |n

the host representatlon if Ehe arlthrnetlc capablLity
of ihe host is to be utiLl,zed. Therefore! a converslon

lron one fcrm to the other must occur at each

extracticn and inserticn of data. from the meraory.

!.Oftunaiell,', oners an¿ twors COmD]e¡nentS Are Closely

relateci ana can be formeo by a slngle addltj-on or
subtractlcn 1rr eltirer t:/pe of machlne. llowever, the

extrz ooerations at each sj-mulated arithmetlc operatlon
w1lI result in a generai slowl-ng of the ml-cro-Drogranmed

slmulator'.
Al1 0ther arlthrnetlc operatl0ns and facllitles

(cverflow, zero detectlon etc.) are relatlvely eaS11y

handfed. sorne oDeratlons may requlre rather lengthy
slmulations ln the host of functions handleC by

hardware in the Source cornputer. Such slmulatlons are

generalL]/ stralght forward, but tlrire consumlng. (see

bel-ow).

Instructlons and Control.

Instructlon formats w111 normally dlffer between

source and host computers. Besldes olfferences 1n

word length, there wll-1. generallv be dlfferences 1n

functlons assoclated wlth grouns of b1ts, and 1t ls
llkely that there w111 be need for some form of
re-arrangement of blts wlthln an lnstructlon worci. The

mapplns unlt wllf provlde a f1exlble, hlgh speed re-
arrangement faclLlty to match the source speclflcatlons
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to the host functlons.
The slmulatlon of one-adciress! two-address,

three-address etc. source computers 1n a cornnuter

of a dlfferent type Dresents few orobieres, slnce the

concent of the nunber of addresses i.n an lnstr"uctlon
ls introouced via nicl'o-DrcSran to the set of machJne

lnstruction sneciflcati ons. There 1s nc sDeclflc
nrcvjslon of a number of adoresses per 1ns.-ructlon
at the hardware l-eveì.

Scrne comDuters of course ma:/ have two (or more)

stores (maj-n store anrl local store, naln store and a

set of accurnul-ators ete. ) when they can be refenred to
I+1 adciress co.nputers . Shoul c slrnul-ation of a 1+1

adoress nashine be aiternpted on a I acìCress machlnet

some logical c1v1sl-on of the maln stcre 1s neeessarlÌt

to slmuiate the seccnci store at the machlne Lânguase

1eve1. Relatlve ado'¡"essi.n4 technloues for the store
may be used to solve ôL¡cil a nroblern, althougil a tlne
penaltv must be accepted aE each slmulated store
operat 1on.

7.\.3 External Format.s 1n a Mlcro-Programmed Slnulator.

liere we w111 discuss some nroblens arising ln
the use and control of innut-output unlts. Ivlasnetlc

tape wll.l be the medlum conmonl¡¡ dlscussec slnce both

scurce and 'host systems are l1ke1¡7 to be provlded

wlth maÃnetlc taoe units, and thls medlum poses rnost of
the prohlems encountered ln consl-derlns cf compatible
perlpheral operatlons.

We will dlscuss three maln topics: coding,
external formats and channel supervlslon and control.

Codes.
Codes to represent alPha-numerlc

plte attempts at standardLzation, st111
characters, des-
vary to some
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extent. Should the source and host codes for a

partlcular perl_chera] unl.t dlffer, some form of code

converslon must be orovlCed wlthln the host system.

For exampfe, if the eooes used b¡l the source and host

Il-ne nrlniers are dlfferent, the mlcro-nrogrammed

-sinul-ator¡ which ls usinq source software and fornats'
will ororluce eharactei's for the f ine r¡rinter 1n

source ccde. îiowever,, these cha.racters are destineo
for the host I s line printer lvhlch uses the crlglnal host

s¡/stern eodl-ng. The nrlnteC characters v¡i11 be 1nval1ci.

The tinlnE of the code ccnverslon 1s dlfflcul-t'
T:¡plca.i qeneral- purpose channels have no varlable
coCe Con.¡erslon capabiilt¡'. Cocie converslon should
therefo::e cccur aS lhe infornati-on fo¡ outDut 1S bel-ng

stored, since this is the last tlme the computer ttSeestt

the lnf orrnat lon. i{owever, thl s cannct be done at
machlne lanFuage l-evel j.f ccmpatlbility constralnts ere

obServeO, nor can 1t be done ert ¡nicrc-p¡ograrn ievei
Curine the storage lrrstructlon, as nct al-] storage

lnstructlons are associated with lnformatl0n for
Subsequent o'¿tput. there are three alternatlve methods

avallabIe to sofve the problem. Fl::stly, code

modificatlo.ns may be made to hosi perlpheral's. This rnay

be dlfficutt as cocies can be deeply embeqded lnto the
perlpheral unlt and lts control-ler. rt al-so deprives

the host system of j.ts normal codes. Seccndl¡¡, eode

changes mal¡ be made to the source software systems

used on the slmulator. Thls w111 satlsfy the niaJorlfy
of programs uslng the standard perlpheral drivers, but
proqrams uslng perlpherals but by-passlng the standard

drlvers w111 stlll not operate on the ncminally
compatlble computer. Th1rdly, for output operatlons, the
perlpheral- actlvatlon lnstructlon can be used to
trlgger the aetlon of a code converslon routlne. The
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perlpheral wlll not be aetlvated untll thls routlne
1s completed. On lnnut the operatlon: termlnatlon
lnierruot w111 produce an equivalent result.

The preclse form of eocie converslon, whlch 1s

trlggered by this method, 1s depencient to some

extent uoon the tyne ol perlpheral assoclated wj.th the
data. For examnle, on outnut, l1ne prlnters convert
el-ectronl-ca1ly siEnal-1eC data (source ccce) to a

visuai lmpressi-cn (host coCe ) . The i-mnresslon produced
corresoonds to Ehe cocie used. I{agnetlc tape on the
other hand, merely records the oata ln the slgnalled
form (source cooe), for re-lnsertlon to ihe compute:'
al a l-ater tin:e (r=ource corie). 0n1y perlpherals of
tire flrst tyoe reoulre eode converslon from ihe source
tc the host codes.

External Forrnats.

Conslder the slluatlon ar1s1nír when the obJect
cornputer 1s readlnq a source corßpute¡' prepared tape
wrltten in blnary mode. Informatlon 1s recorder on the
tape ln multiples of the number of characters oer
source Ìanøuage word, As thls lnformatlon 1s belng read,
words are belng assembled uslng rnuLtlples of the
number of characters 1n the host hardware word.
Inforrnatlon passlng lnto the ob.'lect system 1s there-
fore 1n the form Of tlehtly packed source language
words ln the host storage. If the word lensths 1n the
two comnuters dlffer, some post-read converslon of thj_s
forrnat to the standard slnulated source format ls
necessary. Thls unpaeklng on lnput (anO correspondlng
packlng on output) Ls a complex ooeratlon, analgous
to the memory packlng operatlons dlscussed lrr Seetlon
7.\.2. above

Unfortunately the problem does not y1eId readlly
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to any technlques so far dlscussed, the maln reason

belne that the character by character assembly (or
dlsnantllng) 1s occurrlng wl-thln the magnetle tape

controller and 1s uncer Dure hardware control. Thls
process 1s troutsldef' the 1nf']uence of the computerts
mlcro-proqram cor¡tro1. The provlslon of alternate
assernbly methods ln nagnetlc tane controllers 1s

uneccnomlc consj-derine the lnfrequency of the use of
such an oneratlon, so that a oenal'ty of packlng anci

unoacklnq store words durlnf nerlnheral operatlons must

be accented. The oacklng (or unpacking) ooeratlon
occurs aL the conmencement .(or end) of a nerloheral
unlt opei'at1on, and hence, althouEh LE occunles a

flnlte nerLod of tlme lt does not affect Ehe peak

data transfer rate attalnable b:¡ the perlaheral
system.

ChanneL Sunervlslon and Contrcl.

Most conputers are rrrovldeC v¡lth one or more

general purpose char¡neIs for lmprovlng the efflclency
of perlphèral transfers. These channels generally
conslst of a s1ng1e word buffer plus control lnterrupt
and nemory access clrcultry. An operatlng channe] can

transfer data between the memory and a connected
perlnheral unlt wlthout affectlne the status of the
centrat processlng un1t. Thls process aLlotrts comput-

atlon to occur concurrentry wlth peri!'herar transfers'
If the source computer contalns channels, 1t

w111 be necessary to provlde some form of channel

interpreter at the rnlcro-program Level r so that
references to source channels may be transformed to
the approorlate format for oneratlon of the host
channeLs (1f any), Such cbãnnel parameter transformatlon
1s also used to communlcate peripheral status and
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channei lnterrupt slqnals back to the obJect Drogram.
The slmulated .on""" channel w111 take the form

of a set cf slrnulated status and 1-nterrupt buffers
nrcvlded ln Locaf stcre âr¡d u.ndated as flroqrams and

host channels ref e:" Lc the simuia+.ed channel. Unlt
destLnation, associatec c oclng tabies a.nd oacklnq
infornaticn w1L1 also be nroviCed 1n e fcrm sultable
for use b_v the channel- si-nuiator.
'tË

.tt

tomr¡at ib1llt¡,' An Example.

1 . The Source Coinnuter.

As a speeific exarnnle of the nroblens arlslng
in providlnA compatibllit¡r between two cornDuters, v¡e

wlll- conslder the Drocedures necessary to nrovlde a

mlcro-nrcerammed slmul-ator for the I.B.j{. Systern/360

[ 1t1] withln the CIRRUS cornouter. -svst en/360 was chosen
as the source cornputer because of lts wlce acceptance,
and because detailed loql-cal and struetural descrlotfons
[ 19] are ar¡al ta'o ie .

System,/36C 1-s nrovlced wlth a main store, organlsed
as I Ott bytes, each lndlvldually addressable. Slxteen
general Durnose reglsters of 32 blts and four floatlng
point reglsters of 64 blts are provldeo. A conprehen-
slve order code provlcies operatlons on a wlde range of
data types held 1n reglsters and,/or storage. A number

of general purpose channels are provlded, one belng
of a multlplexer type for slow (character) perlnherals.
A real tlme clock, facllltles for connectlon to obher
computers And varlous control fac11lt1es are provldec.
System,z360 is lmplemented ln a number of hardware
conflguratlons ranglng 1n performance over several
orders of magnltude. All models ln the family are
eompatlble wlth those members of lesser performance than
themselves.
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The or¡eration of the Svste'll./360 can be logicall¡¡
descr'lbed by a set of micro-Drograns running con-

currentli¡ wlthin the loelcai str.'ucture, under a serles
of interiock*q and inter"runts. ite wlIl discuss 1n

cetaii the partlcular mlcro-nroÊren assoclated with
j-¡ist.l.uction eXtI"actioti, nocilflicati-on and -interoret-
ai1cn. This process , cail-ec.l ttro'Jtine f 1cw" has 1ts

counternart in a1l- ccnoutersrand. slnce j't is
execLlt-ed cnce per" nact-iine lnstructJon executeC, its
efficienc;v very farflel's ietermines *r,he efflcleney of
tÌie cornuter as a r,Jhcle ' Thts Dl'ocess 1s terirled
tts',,olein prorraint? and is referrecl tc asttC.P.U.rt b"v

:'ef erence I I9j .

.i.2, i"leno S irnu lat i- on .I

5'¡stem,/36Cts nain Íutlliorl/ is di vlded intc b:¡tes

of g bits , each b¡¡te beinz lndivi"ciuallv addressable.
In orcier to nrovloe reasonabie storage effj-cienci/
togeiher with relatlve slmoLe adciress ciecoding pro-

eedures, we have chosen to nack lwo S:¡sten,/360 bytes

into the lower 16 blts of an f8 blt CIF.RUS hardware

word. The X-store fori'lat 1s shown ln FiÃ.7.7, which

results ln a storage ef f j-clenc'¡ of 88.97".

The CIRRUS Y-store vrl1l, be useo tc orovide l-ocal

storaFe for the slmulateo forrns of the various
cornoatlbLltt¡¡ Ioglcal entitles deflneC w1thln Svstem,/

360 wiri-cn ere necessary for cornpatlblllty. In addj.tlon

to the general DurDose and floatlng colnt reglsters
(whose slmul-ated forms occuÞy 48 words) tne Y-store
v¡1I1 hol-o alL machlne lndlcators, lnstructlon ref;{ sf stt 

'
decodei addresses etc. úseo ln the speclflcatlon of
the System,/360 r s operatlon '



CIRRUS l'ìaln or X-store

Unper or Lower hal-f
I nd 1c a-t 1on
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15 blts 1

Manping unlt relatlve
address for byte 1solat1on

Flsure 7.3. Slmu tated Source l¿lemory 1n CÏRRUS X-store.
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0I nyt*
I

00 Bvte-

Byte address
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7 .5.3. PrcErarn Contrcl-.

The Systern,/360 ocerates uncier the control of a

"pro.qran status" word, PS\'J , of 54 bits. TheBe 64 blts
incluoe e seouence coun+,er f cr' lnstructlcn address lnq,
an lnstructlon lens;-h code ( inclicatins, 2 Lo 6 'o1¡tes ) r

varj-cus nasks for 1n+"er:'unl anc status ehecks, stafu:
bits eic . It wi Ìl- be convenieni to s.epai.ate functicnai l¡,'

dlflerent parts of the Drogran s1-.atus word to save

nanrtinc oneraticns lri eaeh routine fiow execution.

7.5 .li. Exceptions ana Interrupts.

S¡¡siem¿'360 is nrot'ioed l¡J-th an exceÞtion reglster
of 15 b1ts. \¡arlous bLis are set upon lnva1l,d ccndltions
arlsing vri thln the :"nicro-siructur"e ¡ €. E' attempts to
execute onerations not nror¡ldei 1n the comnuter rmemorl/

acdressi.ng' faults etc. Th j-s excention reslster 1s cf eared

nrlor to the commencer,reni cf the routlne flow clreration"
At certain tìrnes durln.c'the routlne ilow and after fhe
executlon of the nachine lnst:'uction, the e::centlon
reglst-er 1s lntemcgated for an:,' lndicatlon of maL-

functlon. Should a malfunctl-on be lndlcateC, the
aopronriabe lnterrunt is generated.

Interruots mal.' also tre generateo b:¿ t-he channels,
machine faults, external signals and privl-leged
operatlons. The lnterrupt set 1s interroEated after any

machine language lnstructi.on execution.
The Ceteêtlon of an lnterrupt causes an

appropr.late lnterruot processlng routine to 'oe actlvated.

T .5.5. The Mlcro-Pro ammed Slmulator.

A flow dlagram cf the baslc operatlons performed
w1thln the System,/360 routlne flow is given ln Fl9.7.4.
A mlcro-proerammed slmulator has been wrltten for
CIRRUS to slmulate thls routlne flcw oneration. Each
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Ioei1cal entity which 1s necessary for the slmulatlon
resldes ln CIRRUS and is retrleved anC operated upon
as requirèd. Many ref erences wlth ln the Systern,/160
set of mlcro-proqrams ,'na¡.r be re¡rlaced or dlscarded
slnce CIRRUS has alternate nethoos for dealing wlth
them. I'or exarnple, the Syst-em.,zJ60 oueueing system for
access to memory is losicaÌìv a very conÞlicateo
process l-nvolvine nrl-oritl-es of channels over CPU,

prlvileeec areas of siore which may onl¡r be accessed
b:y the cornouter under a sDecj-a1 mode, varì-ous address
checks etc.

Dcubtless 1n actùal S:ystem/360 maehlnes, many

of these oÐeratlons are automatlcallv provlded by

hardware features. The s1-mulatcr, on the other hand,
operates in e cilfferent hardware envlronrnent and n:ust
set up essentlal loei.cal variat'l-es to r:rovide an lnter-
face between the slrnuiated souree meiiorl/ oneratl_on ani
tÌre actual host memory cceratlcn.

Certain checks anci inforna*"ion generatlon oro-
cedures of the routine fl-ow in the Systen/360 have
been dlscarded, These lncl-uoe certaln checks for
included ootions (e.s. floatlne po1nt, declmal
arithmetlc) on the assumntj-on that these will all be

provioeo 1n the slmulator, and eertaln parts of the
memory access phase connecteo wlth the nrlorlty s¡rstern.
0n the oiher hand, âfl interpretlve routlne is necessary
to transforrn the CIRF.US keyboard lnstructlons to
System/360 fornn, the simulated Systen/360 forns belng
treated as loglcal- variables 1n CIRRUS, where the¡¡ are
avall-ab1e to the slmulator.

Flg. 7.5. shows a flow diagram of the routlne fl-ow
slnulator, with the adoltlon of eertaln interpretlve
roütlnes necessar¡/ to adapt CIRRUS hardware to lts
Systernl360 1ogleal counteroart. Appencilx I Elves a
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llstlng of thls slmuJ-ator, toqether wlth a storage
map of the ioelcal Svsten,/36O varlables ln CIRRUS.

Slnu1atlon of the St'st en/36C routine f low
occunies fron 198 to 3ij8 miero-seconds per c.',rc1e,

Cenendlng ucon the inst-i"uctj-on fcrmat used. Thls
conpaÌ"es wl th times cf 27-39 nícro-seconds for the
eoulvalent onerations in CIFFUS oneratinp'under the
or j cinal host scf tware s¡isten.

7.'6. Llmltations of Inicro-Pro arnmeo Siinulators .

The flgures obtained for slrnulatlne the Systemz'

36C routine flow in CIRFUS are somewhat CisapnolntlnE,
but an exarninatlon of the nicro-nroqram reveals several
points uhere heav.¡ penaltles are Dald ln ezecution
t i¡ne .

Flrst Iy, a -r a-îÉ lnount of t lrne is wastec 1n

operating source varia'oies whleh are helo in local-
store in the slmulator. L'he need to obtain or store
aoproxlmately 2A loglcal variables 1n each routine f1olv,
places a. lower linit uDon the execution tirne of the
routlne fl-ow. In CIFRUS, this 1s partl,cularl:¡ ianariln..,r
slnce the locaÌ or Y-store onerates on e 6 mlcro-second
cycì.e, anciwas orlginally deslsned to ooerate s¡rnchronous-
ly wlth the main or x-store. The orlslnar CTRFUS softv¡are
1s spec1flca1ly desl.gned wlth thls rrolnt 1n rnl-nd and'
generally only 3 or 4 storase c¡rcles are reoulred ln
the norrnal routlne fl-ow.

To overcome thls sto:"aqe overhead, two rrsolutlonsrr

are avallable:-
(a) ?he 1ocal cycle time may be reduced.
(b) The number of registers wlthln the host

structure may be lncreased to provlde statlc
register storage space for most loglcal
varlables throughout the perlod of the
routlne f1ow.
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Both these solutlons would force extenslve modlficatlons
to be made to the host comnuter, thus defeatlng one of
the maln obJects of

A second maJ

routine flow of the
to perforrn what wou

operar-1cns by a ser

the cornpatlbllity exerclse.
fr faetcr ln l-engthenlnr the sirnulateo
syst em/360 j-n CIRRUS, 1s bhe need

Id be la1rl:v trlvial harC',-¡are

ies ol mlcro-instruct:-ons. If the
hcst cornnuter is not suÐp11ed wlth annr"opr'1ate harcirvare,

or j.f 1ts hardware ls of a different for¡n, the loeical
varlables in the source conouter rnust be simuiated ln
the host and interpreted fcr use by the hosi hardware.

An example ls the pref.!-x attaehment fae1llty of the
System/360 memory. Ir an address of less than 2l-2 ls
sent to mernor'¡¡, either a main or an alternate preflx ls.
attacheo io lt, deoendlnq upon the settlng of a

loglcal variable call-ed the oreflx trlseer. In a hardware
eonflquratlon. thls function 1s read1l¡¡ mechanlzed by

attachlns sultable loelcaI unlts to the adoress l-lnes

of the merTìory under the control of a nreflx trigeer
f1l.p flop. In the sirnulator however, slnce no orefix
faclLltv exlsts at the CIRRUS hardware level, such an

operatlon must be slnulated by 7 mlcro-lnstr"uctlons,
lncLudlne one store sycle to obta.ln a slmulated
preflx trigger and a manplns ooeratlon to incorporate
the preflx. Thls slmulation occuples 15 mlcro-seconds

at each memory operatlon.
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B. Concluslcn.

In thls thesls, we have denonstrated the
nr1nclole of the naoplng un1t, a devlce for lmplernentlrrg
a set of varlable lnterconnectlons between binar¡r
reglsters wlthin the cenlral Drocesslnc unlts of
conventlonal general nurDose dieltal- computers. The

,nannlnE un1t, baseci unon tire nr'lncloles cf flxei or
read-on1y storaøe and assoc j-ated l-og1ca1 functi ons ,

ooerates at speeds cornnarable to other functlonal
unlts (adders etc. ) likely to be found 1n sueh CPi.irs,

and may be treated for deslqn purposes as slmoly
another functlonal unlt to be lncorporated j-n the
hardware structure.

The control of such a ¡napolns unlt wlll be

dlvlded lnto two dlstlnct sectLons, locaI and

supervlsory. The sunervl-sory control, t+h1ch f orms

nart of the main control unlt of the ccmnuter, ls
resoonslble for defjnlng lnnut lnforrnatlon to the
unlt (selectlon of the aooroprj.ate maoping functlon,
input data), act j-vallnc' the unj.t, .nonitcrlnq the
status of the outnut, and tra.nsnltt-lng the output
1nflor¡nation to the anpronrlate destlnatlon. The Ìoca-l
control, once actlvated by the supervl-sor."' control,
1s resDonslble for al-1 lnternal tlming oneratlons,
vIz. address decoding, drl-ve waveforns, output buffer
lnltlaLi.zatlon, etc.

The supervlsory control ma:/ take the forri of
a mlcro-pror-nanmed control un1t, ln whlch case the
mapolng unlt ls eas1ly lntegrated Lnto the hardware
and mlcro-lnstructlon structures. An examnle of the
lncIuslon of a rnanning unlt ln such a structure j-s

glven, the comouter 1n'¡olved belnE CïRRUS. The

lncluslon of a mapplng unlt 1n a struclure controlled
by conventlonal- control- seouence generator-q 1s
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equall:/ straight lor'¡rarci, a-lthcush an extra amount

of hardware q'11-l- be reouired for" f he supervlsory
contrcl.

The fl-exlbi.1itv attainec ll'./ a connutj-nr structure
cc,nta-inl-n¡ a ÌnaÌlDins ui:Ít as arì integi'ai nart has been

ierncris',"rateC ln a nurnber c1' l1=-iis. The anellcation
of Lne mennj.ng ur:it'v?.t resc-l-.;1\r c,uantiiies reDresented
1n software iata lcr:"rais l-nf,c fc:-rns sultable fcr
hardware nanlnu jabion nas been ier.rons'Eratei ty
ccnslciei'atlon of f Ioat-1-nr nc j-nt cperatlon.s, shif tlnc
o¡eratlons , and oualter-ien.qth erl thmetlc operâtions
in the CIRRUS strueture aur-'rnenteci bv a suilabie
mapcíng un j-t.

In dlscusslnq the Drovlslon of machlne languase
cornrratibiJ-1t¡. between tv,ro dlssimillar comnuters,
several technloues for executlnq source sl¿sten Drograrns

wlthin an al1en comnuter þiere mentloned, viz. inter-
pret 1ve Drogramrnlnr , mach 1ne I angua.qe trans iat 1on

and rnicro-rrroç-rarn¡neô slmulators . The thlrd rnethod,
that of mlcro-proErammed simuLatlon, offers aovanta-tes

1n sDeed and ooeratlnø slnnl-iclty over the other two.
Assumlng that t-he host hardrvare contains sorne faclliiy
for extenCinq ihe set of r,ricrc-prosrams eontrcll-1ns
the executl-on of rnachlne lnstructions, 1t becomes

feaslble to orovlde a new set of mlcro-Ðrograns to
exeeute source systern lnstructlons 1n the host cornnuter,
uslng source system instructlon and data forrnats.

The technlque of mlcro-pl3ogram sirnul-atlon of
allen rnachlne functlons has been examlned. Several
problems whlch are encountered $tere dlscussed ln
detal1, and attempts vrere macie to orovide sultable
solutlons. These problems lncluded definltion of
adeouate functl-onal si-¡nuiation, lnstructlon and data
format transfornatlon from source to host, the
provlslon of large numbers of loElcal varlables 1n
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a slmulator, and the orovi$?on of source system
hardwaré functlons b¡l lnternretlve micro-programs
1n .the host comouter. Perlnheral comoatlbllity was

cons j-dered brleflyr nrlnclnall¡,' on the pclnt of
nerl-nheral operatlons and ccdinc"s, rather than on
phl/sical characteristJ cs .

Finaii:¡ an exann.l e of nachLne I aní:uase
connatlbllit¡¡ was offered, uslnr the f.B.li. Svstern/360
as the source cornnuter and CIFPUS (augmentec b¡¡ a
nanping unlt ) , as the host hardware. AlthouEh the speed
attalned by the nLcro-pro(:"arimed slrl¡lator 1s some-

',¡rhat dlsapfiolntlnø, the stud:/ serves to ernnhaslze
certai-n prob lerns lnvolvcd in provldlng eomnat1b111ty
features. Certaln of these oroblerns, typlcaìIy
1og1ca} varj.able stora,qe, lrere accentuated by the
lack of a hiEh speed l.ocal store 1n CIFRUS, but
others r €. fr. slmulatlon of source hardt¡¡are ooerations,
are fundamental to the natìire of the oroblem.
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Appendlx 1

A brlef descriptlcn of CIRRUS 1s glven here
because a larqe nunber of references to 1ts lnternal
structure are made in parts of thj-s thes j.s. For more

detalleC lnfornation see Iilr[2) ri3],[4].
Structure ofl CIRRUS.

The
a'] l Tt

/'l \\À/

\¿)

CIRF.UII harciware s truc*-ure i-s shcrwn in F 1s.
lncludes: -

A set cí general Ðurnose registers MrRrNrZ,
A. and ¡ì. A and E a.re short reglsters,
prlncloall¡¡ useC for store ariciresslng and

floatlng nolnt exponent buffers
resoectl-veJ.y. MrRrNrZ are nom1nally 18 b1t
reglsters, although overf low b1+-s, shlft
blts and muItloller buffers are apoendeci,
lncreesj-nE the length of RrN and Z to 19

b1ts.
An 1B bit para.lle1 adci-1oglc network capable
of performlng

(a) twot s cornplements acidttlon,
(b ) the b1t-r,t1se ì-ogicaÌ AÌ'¿D functlon,
(c) the blt-wlse Ioglca). lncluslve-

0F. functlon,
and (d) the blt-wfse logicaL excluslve-

0R functlon
on any two l-nputs presented to it. Assoclated
wlth the acid-logie network are two slngIe
blt buffers Gt and Go used to buffer
arlthmetlc carries arlslng in mult1-
preclslon arlthmetlc operatlons .

A set of condltlonal transfer lndlcators
JO_L5 are lncluded 1n the structure. Some

of these form parts of the registers already

(3)
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descrlbed. Others, vLz, J,l_ø and JU_r,
are provideo i-n the form of fì-lp-fIops
whlch na;' 0e conoltlonally set by the control
unit. Subsequently these ,jump buf fers may

be useo as i-ndicators ior ccndi-tlonal. inlcro-
code branch oneratores (see beiow). A tlst
of lndicators ând t-he1r'eoui-vaLents are
qlven in Ta'nie 4.-,

(4) llvo rand.oin aecess ccre stcres are prcvi-ded.
The rna1n, or ,{-s'"or"e, consl-sts of ì6 r 38ll
locatlcns each of l.B b1ts. The reglster,
or Y-stcre, consi-sts of I,C24 iocations of
19 bl-ts. The stcres read out inforrnation to
the reglster pool and recelve lnformatlon
for storage from the reglster pool. The

stores derlve their adoresslng lnformatlcn
from the reÃ1sfer pool, the infornatlon
so derlved belng concatenaf,ed wlth a s1ng1e

blt fronr the controL unlt io yle1d on
rrupperrr or rrlowertr acidress assoclated wlth
each vaLue of the selecteC address reslster.

(5) A set of on-Iine sLow perlpherals (slngle
character deviees) are assocl-ated wlth the
X-store under A reglster addresslng
condltlons. No reference ls rnade to these
unlts ln the thesis and t4l shoul<l be

consulted for a descrlptlon of the mult1-
programming (1nout-output and computlng
overlap) system.

(6) The control unlt conslsts of :-
(a) a mlcro-sequence counter S of 12 blts,
(b) a control flxed store of 4096x36

b1t vüords,
(c) a 36 blt control reglster C,

and (d) a tlmlng generator.
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Table A 1.1. Table of J equlvalehts.

Jo

Jt
Jz

J3

Jq

t5

J.
Þ

JT

Jg

Jg

= I alvlays

= overflow blt of R

= bltwlse OR of *3_t, (used ln lndexlng)

= Slgn of Z reglster

= Type 7 JP Buffers

= Slgn bit of Fl

Type 4 sJ Buffers
tto
Jtt

'tz
Jr3

Jr4

Jtl.

= Exponent Overflow

Spare

= Slgn bit of E

= Bltwlse OR of Z
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The actlon of the control- unit may be

summarlzeC as foilows:-
(a) The iixed store 1s driven at the

location sneclfled by the contents
of the S counter.

(b) The lnfcrrnation at this adoress is
reatl lnto the C regi-ster. Thi-s

infcrmaticn 1s the current nlcro-
instructlon tc be executed.

( c ) The nicro-lnstructlon ls executed.
Varlcus portlons of the mlcro-
lnstructlon speclíy timing patterns
and ga+'e comblnatlcns. The gaie
combinatÍons select the varlous
lnputs to be aPPl-1ed to all
functional unibs wlthln the computer'
incLudlng the S counter. The

posslble settlrrg sources for any unlt
are shown ln the sYsten dlagrarn
(Fig. A1.t). The appropriate codes

and formats are given ln Table 41.1.
(d) When the tlmlng chaln has termlnated

for the current mlcro-lnstructlon,
re-dr1ve of the flxed store at the
new S location 1s 1n1t1ated, and

the system re-cYcles.
Some overlapplng of micro-lnstructlons is

ava1lable, but thls wlIl- be lgnored ln the lnterests
of slmpllclty. No overlapplng 1s used 1n the examples

ln thls thesls.

CIRRUS Micro-Instructlons .

There are elght dlfferent types of mlcro-
lnstructlon, and these are detalLed ln Tab1e 41.2.
These elght dlfferent types each have thelr own baslc
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tlmlng sequence, and thelr own gate comblnatlon codes.

A brlef d.escrlotlon of these ¡r1cro-codes follows.

Type 1. C ,rr=001. Symbol-1c name FA.

Thls mlcro-lnstruction j-s orlncipall-:¡ used

for hlgh speed arlthmetic rnanlÞulatlon of data wlthln
the register oooL . Ì'io storase trans f ers are lnvclved .

The baslc tlnlng pattern i-s

(a) The urrner reaister ArErlt{ and R are seb

fi'om the apcrcnriately lndlcated sources.
(b) The add-ì.oglc unl-t lnnuts, Trt anci r, are

deveLoned ano the output a, of the add-
logic unlt apnears some tlme later
(approxj-rnately 0,25 mlcro-seconds l-ater
ln the worst case).

(c) The lower reÃlster selected to recelve the
output (elther I'l or Z) 1s set, either by a,
or by a rLg'ht or left shlfted one positlon.
No multlpositf.on shlfts are avallabIe at
the mlero-eode Ieve1.

(d) Durlng the upper reglster settlng perlod,
the mlcro-sequence counter S nnay elther be

lncremented or set to ]000g (tne commencement

of the 'rroutlne f lowrr r or lnstructlon
extractlon sequence ln the normal machlne

lalguage ooeratlng systern. Type ] mj-cro-
instructions are tlmed at 1.5 mlcro-seconds
nomlnal.

Type O. C 123=000. SYmbollc name MP.

Thls lnstructlon used only 1n mul-t1p11cat1on
operatl-ons, 1s ldentlca1 1n operatlon to Type I mlcro-
lnstructlons except that the lnJectlon of R, the muItl-
pllcand, lnto r ls condltlonal on a mu1tlpller blt, N19.

Type 6. c ]23=110. SYmbollc name AX.

mlcro-lnstructlon 1s slmllar to ?ype 1 mlcro-Thls
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lnstruetions, except that tha nai-n store ls cycled durlng
the executlon cf the nlcro-rnstructions. The

operation is therefore somewhat slower. Information
read from a loeatlon ln nemory may 'oe set lnto the
M reglster and after processlng, l-nformatlon may be

wrltten back lnto the sar-n.e -iccatlon. Timing is thus
ke:¿ed to a read-conpute-w¡'ite stcre cyele, and ls
ncminal-i:¡ 6 nlcro-seconcis .

Type 3. C 123=0Ì1. SYmbcllc naae AY.

This nlcro-lnstructi-on 1s slmll-ar to Type 6

ml-cro-'instruetlons, exceirt t]nat the register"ror
Y-store, 1s the store c-vcleq. lnformatlon frorn a

locatLon in store may enter the reglster pool via the
R registerrand after Ðrccessing, lnformatlon fron the
reglster cool ls wrltten l-nto the saine locat1on, Type

3 mlcro-instructj-ons are nomlnaily tlmeo at 6 mlcro-
seconds.

Type 2. C
12 3=0 

J-0 . SYnb oli c name AXY .

Thls rnlcro-instruction Is a combinatlon of
Types 3 and 6 mlcro-lnstructlons. Both stores are
cycJ-ed ln paraÌleI uslng the read-compute-wrlte
cycl-e. Tlrnlng is 6 mlcro-seconds nomlnal.

Type 4. C 123=100. Svmboll-c name SJ.

Thls micro-instructlon ls used to set any of
the Junp buffers JB,J9rJlO, or Jtt, The bit-wise OR

of the lntersectlon of the Z register and a portion of
the C reglster 1s used to set the lndlcated J buffer.
Nomlna] tlmlng ls 1.5 mlcro-seconds.

Type 5. C123=10f. SYmbollc name SR.

thls mlcro-lnstructlon allows any of the NrZrA
or E reglsters to be set to a value speclfled wlthln
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the mlcro-instructlorr. licrnlnal iimlng ls 1.5 nlcro-
seconds.

Type 7. C 123=11t. S¡*rnbollc nane JP'

The nicro-instruction perfcrns a conditlonal
mi.cro-coûe trarrsfer functicn. If the nc:ninated J

indicator or buffer is true (==]), then the S

counter is set as lndicated ov the varlous C register
blts. If the conoitlorr is not true (=0), the S

counter is lncremenl:ed b:¡ L. In addltlon, the ,i

buf f ers, J,4 rJ :"ri 6¡ lÌiâ1r be set if desired. I'ion1nal

tlmlng 1s l-.5 micrc-seccnds.

Trans fer TlmlnE.

A brlef """ttå of the transfers wlthin each

micro-code ls glven 1n Fig. 41.3. These iransfers w1Iì
only occur 1f speclfieo by the mlcro-lnstructLon.
Generaltyrupper reglsters (MrRrArE) are set llrst then

lnfornratlon 1s generated vla the add-1og1c unl-t and

clocked to the l-ower reglsters. S'tores theref ore tend

to feed informatlon to the upper reglsters and rece'lve

lnformation from the lower registers (unless re-
generat-1on of stored lnfornatlon 1s required).

The Symbollc Micro-Instructlon LanEuage .

In order to facllitate the lnvestlgatlon of
varlous mlcro-programs, a symbolic mlcro-lnstruction
language SYMITOR i13] and assoclated transLators have

been devlsed as part of the proJect. Input to the
translator conslsts of mlcro-programs wrltten ln the

symbollc }anguage SYMITOR, and output from the program

consists of assembled mlcro-lnstruetlons ln octal
form, sultable for lmput to the slmulators of Appendlx

3. Wlrlng tables, used 1n the preparatlon of the
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Types FA. FM.

lyoes SJ. SR. JP.

Fead the fixed store and set C

Set upper reglsters 14rFrArErSrGl from lndicated sources

trorm the lndieate<l add-1og1c unlt inputs

Eorm the lndlcated add-Ioele funct1on

Set a lower reqlster, N or Z

Read the fixed store and seþ e

Perform the indicated data transfer(s)

Flgure 41.3. Transfer Tlnlng 1n CïRRUS Mlcro-Instruetlons.
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Types AXY, AX, AY.

Fe:-C the flxeo store and set. C

Set the upper reqlsters l,'irF,ArFrSrG
source s

l-
from the lndieaied

Fead the deslqnated stores aE the lndicated addresses

Form the lndlcated add-log1c unlt lnputs

.q'orrn the lndicated add-loeic functlon

Set a lower reslster, N or Z

I¡Ir1te the deslgnated lnformatlon lnto the store(s)

Set the M and/or R refiisters from the store outputs 1f
requlred

Flsure Al. 3. Transfer Tlnine 1n CI RRUS Mlcro-Instruetlons.
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physlcaL form of the controJ fixed store ean also
be obtalned b¡i a subslclar:¡ routine.

SYMITOR resemb I es a slmnl-e assernbl¡7 language .

Pro.¡1slon is made fcr iabelfing lndlvioual mlcro-
lnstruc+-ions, deiinlns addr:e-qses ln f ixeo store of
micro-instructlons, rnnemonlc forns of the various
elements of the nachlne and s.-vmbol1c representatlon
of the various functions of tì'le machlne. The elernents
ol the Lansuaç'e are :-

( I ) Ccntro I i,Jcrds . There are three control

(2)

worcs, BECIÌ,] (adrs), WAIT, and aND. The

BEGII{ worci 1s used to deflne the acidress in
flxed store within whlch the rest micro-
instruction is to be place<i. it therefore
must aÐDear a'u the conmencement of a program,

and may appear at nolnts wlthin the
prograrn. t¡ii thin the Droqram, conse cut ive
mlcro-lnstructions are olaceo 1n seouential
locatlons in flxed store unless a BEGIN

statenent re-sets the address counter. The

WAIT contrcl causes the transl-at1on program

to pause whilst further tapes (CIRRUS ls a

paper tape machlne) are loaded. Eì'lD slgnlfles
the end of a micro-progran.
Labels. Mlcro-instructlons may be referred
tq by the pre-flxlng of the lnstructlon with
a label, conslstlng of not more than 6 aLpha-
numerlc charactgrs, the f j-rst of whlch 1s

a letter, followed by a colon e.9., AB4:

Ø1231 CAPS:. The labels ?re treated as

synbcllc addresses and wll1 be evaluated
durlng translatlon. References to them

wlthln the mlcro-program w111 be replaced
by thelr numerlcal- val.ues
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(3) Mlcro-code E es. In the lnterests of
accuracy, the rnicro-programmer 1s

requlred to attach the mlero-instructlon
type number to each niero-lnstruction'

(4) Data Transfe:'s. The s ymbol t>r ls useo to

imo11, oata transferral. li>M speclf 1es thac

the wI rec,isber wil] be set to the contents

of ihe N resister ã-+u the aoproprlate time

1n the execution of '-ne micro-lnslructlon '
The systein dlasrans (F1g - A].1 and TabIe

Ai.I) show al-l possible transfers' When stores

are lnvolved, addresslng infornatlon 1s

contalned withln the symbollc name e'8'¡
XEL>M implles that ihe X store ls to be

addressed by the E regtster, and the lower

half of the locatlon 1s to be transferred
to the M register. Condj-t1onaI transfers to

thesreglsterhavetheconditiona]-lndlcator
attached e.B. RFl2>S (J14). Transfers 1n

the add-J.ogic unlt must speclfy both inputs

io the unlt and the functlon the unlt 1s to
perform (addltion (+), AND (r), OR (/),
loglcal dlffer (=) ).
Transfers to the lower repçlsters must also

lndlcate any shlftlng whlch ls to occur'
(5) SYMITO R Formats. Some formats are shown

1n Flgure 4I.4.

The CIRRUS Machlne Language Svstem. A-Code.

The CIRRUS machlne language [12] bears l,1ttIe
resemblance to the rnlcro-code structure and lnstruction
system presented above. In fact, the CIRRUS structure
as seen by a programmer conslsts, ât the present tlme

of a 36 blt parallel computer provldlng a v¡1de range
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Labe i

QI:

ÅFrl:

T.rÐe

i
1

7
a-
¡.4

)

l-ì'at a Trarrs fe;" Soeci f i-cat i-ons

{ru>rø)it_sl>N
{val>r}=f )Z
RFt2>Si;i+), cot>J45
{vau>'n )+ ( xt¡u>¡¡ ) >z,rvrt-, RF>s

77771ü,<.7>J9
123456>7

F 1øure 4.1 . 11 . Examn ie -s o 1 t fie SY¡{f TOR Tîornar- .
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of numerlcal (f1xed polnt and floatlng polnt) and

non-numerical operatlons. At the present tlme, the
number of machine language lnstructi-ons and varlants
number well over 200. Each of these machlne language

lnstructions 1s lmpl-ementeci ln the mlcro-structure as

a serles of mlcro-instructl-ons.
Provislon ls avaliable for the adoition of new

machine language operatiorrs to the repertolre of
CIERUS. Suitable micro-prosï'âns can be developed and

plaeed ln the flxed store, whereupon the new

lnstructions are available for general use, and wl11
ultJ-mately be avaitable thncugh software systems (com-

pllers etc. ) shouid they Þrove effectj-ve.
The programmer sees the comouter as conslstlng of

a main store (8rf9Z wcrds of 36 blts), 16 general
purpcse reglsters (of 36 bits) and a flexlbLe
arlthmetlc unlt provl<1ing flxed polnt lntegral and

fractional operatlons, floating polnt .operablons,
loglcaJ- operatlons, a flexible set of condltlonal
branchlng operatlons, etc,

Thls lmplementatlon of a Iog1ca1 structure 1n an

apparently unrelated hardware system 1s a good example

of the dlfferentlatj-on between hardware and loglcal
forms of a computer, as observed ln Sectlon 7.3.

The CIRRUS Procedure Orlented Language, C-Code.

The CIRRUS computer 1s provlded wlth a procedure
orlented language, slmi.lar ln scope to common P.O.L.fs.
Reference [11] glves a comp]ete descrlptlon of the
language. ldhere used ln thls thesls , the examples are
self expLanatory.
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Appendl,x 2

Detailed Des 1F:n for a Mappln.q Unit 1n CïRFUS.

The mapping unit to b,e 1ncl.uoeo 1n CiRRUS wll-l
be a 36 ¡it lnout, i8 bit output unj-t operating ln
parall eI wl-tir the add-ioslc unil. Flg. A?.1 is a

cletailea systen schematic ii agram of those parts of
CIRRUS changeC bi' the incluslon of the nâpÐlng unlt.
Flgure 42.1 should be reao j-n ccnjunctian with the
remainder of the s_vsten oiagrans , Fiqs. É^i. 1, 4I.2.

Inputs to the unit ai'e derived from the left
and ¡'lgnt inputs of the acd-loeic unlt, m and r. The

output frorn the unit, whlch j-s buffereci, feecs the
lower reglsters via one of uhe inputs fo the ]ower
register selector, ã. T'his lower reglster selector
lnput was prevlously cccupied wlth a shlfted forrn of
the result from the aCd-Ioeic unlt which can be

dlscardeC in the presence of the mapping unit. A

selection regi-ster L is provlded, which can elther
be set from one of the lower reglsters Z or N, or
can be lncremented by I under the control of the
mlcro-instructlon. The micro-instructlon blts used

for the control of the add-loglc unib may also be

used for the control of the maoplng unlt since out-
puts from the nnapplng unlt and the add-Ìoglc unlt
are not used slrnultaneousl¡¡.

FlE, A2.2 presents a schematlc dlagrarn of the
proposed selectlon system usinE a source-slnk
technlque for the generatlon of the necessary drlve
pulses. Fig. 42.3 presents an lnternal t1m1ng dlagram
of the mapplng unit. Tlmlng slgnals whlch are Lo be

generated by the maln control unlt ln order that the
mapplng unit operatlon may be synchronlzed wllh the
mlcro-lnstructlon executlon are :-
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A clearlng slgnal for the mapplng unlt
output buffer must be generated at the
commencement of each mlcro-lnstructlon
executlon phase

to clear = wdt ta2'11

A slgnaL to commenee the rnapplng operatlon
must occur i.nmedlately followlng the
settlne of the upoer reglsters Ì{ and R.

T*"p=w.(Rp). er.e¡.c, * w3.c2r + t^fR.ei.

cz.c3. t A2.2J

A siEnal to transfer lnformatlon into the
selectlon reglster L w111 be generated at
the sa:ne tirne as the upper reglsters are
set.

rn r.r r- [A2.3 ]'L "1(RP)''zu
The lnfornatlon to be transferred lnto the
selectlon reglster L ls formeo by

Lr= õ.-.N + Cn-.z [42.4]¿> ¿>

The selectj-on register L must be incremenf,ed
(1f requlred) after the lower reglsters are
set.

( 3)

(4)

KL = we(n).d' .e2.ezZ * w4.FIF.crr. [A2.5]

ïn alL these operatlons, the W varlables refer to
varlous machlne tlnlng pulses derlved from the tlmlng
chaln wlthin the control unit of CIRRUS.
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arqrarC arûrarc

Inpttt
Buffers

z
Swltch Matrlx

\- )q

K
L

---Þ

m
f
maD

Tq clear

Thls flgure should be read ln ponJunetlon wlth flgures
4 .5 and 41.1.

T
m

r

ma

l.'

L, =e zrN*Cz5z

Drlve
Clrcultry

and
Control

Flsure 42.1. Proposal for a Mapplng Unlt ln CIRRUS.
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L L

Slnk Deeoder

Sinks ( 32

Sourees ( 16 )
T

L

L

L

Souree Decoder

P
4gø

P
)197

P 511
15 31P P

Address Reslster L

{

p1

PO Pl6

I7
P

Flgure A2.2. Drlve System for the Mapplng Unlt ln CIFFUS.
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Appendlx 3.

Slmulators for the Exlstinrr, and Augmented CTRRUS

St ruct ures .

The Ij-sting of
CIRRiiS struettre 1s r

?he fol lowins
or,rltteci:-

cFioosE, ssi{l ,

LSHIFT

Tiie llstlns fo
structure has been oÍn

in form to the clven

a siinul-ator for the auqmenteci

iven cverÌeaf.
ser",'i ee sub-routines have been

ssþt2 " sStirl , ssrd4 , ilElll ,.R.sHÏF"l ,

r ihe slnul- ator of the existlrrs
itied. It 1s essentially simllar
ausmented sinulator.
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1 00 2000

99 4 ..ctRRUS stMUI_A.ToR (nuovrrurED srRucrune )

O-END
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99-.ÂllOt 
( .L J I ND(o/l 5),Nul¡,CRE6, rSf (o/t oe5)'MREG'RREG'

NREG,ZREG,AREGTf REG,

N25,YD,YH,YST (o/127),Yo,xD,xH'xo'xsT (o/t o23)'
GITGOTATLEFT,
RIGHT,ARING,
. I I ,JTKTSREGTSBUFTLIM,

TABLE (o/t99),tYPe )

,ALLOT ( .t ¡¿nPl NTMAPOUT,MAP (a/gg,o/17)' I-REC

.Ft-f;{crlo{(ssvt, ssw2, .L LSHI FT(.L
nsHl rl(,t, . I ) rRXSTr"ú/xsr'RYsr'WYST
OPERTOPERI ,CHoOSE(.1 , .L, .L¡ .L¡ .L¡ .

.ALLOT( . I XADRSTYADRS,NUSE, .L NBUF

.ALLÛT(. I YADRSI , .L xl )

.t),

.ALLOT(rl¡le ,TYPTll|þn )=l ,5 1 .5 6.0 6.O | .5 | .5 6.A I .5)
START: JIND(0)=l

Tl Mf=O
.FoR ¡=4( I )l l,¡lNo(t )=o
YD=Y H=XD=XH=MREG=R Rf G= N REG=Z RE G- AREG=E REG=O

YADRS I =YADRS=XADRS=O
.FL'NCTI OÌ..¡( .L NEXT ( .t-) )

.FoR t=o(l )1oa3, FsT(t )=o

.FoR ¡=o( I ) tzT,vSt(t )=o

.FoR ¡=o(t) loa3, xsT(l )=o

.FOR ¡ =O( I )t27, .FOR ¡=O( t )8, MAP( I ¡J)=O

.u/RITE .UNIT 2,F2('tOaO FIXtD STORAGE')

. FI.Ì{CT I ON (SS/3)
.l F ssM,J3 .POS, .PAUSE

s2s .l F NEXT (37) .NEG, .GO .TO S I

.READ .UNtT 3(ttW)
l =NtM
.READ .UNtT 3(FST(t))
.GO .TO 52

SI : .h'RITE .UNIT 2,F2( 'IOAO REGISTER STORE ' )
.IF SS/3 .POS, .PAUSE

s4: .lF NEXT(37) ,NEG, .GO .TO 53
.READ .WlT 3(trtW)
l=NtF'l
| =?xl
.READ .UN¡T 3(YST( I ),YSr 1t +t ) )
.GO .TO 54

)

t
,
L

)

, .L) )
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53:

QÃ.

.wRlTE .l.,h.¡lT z,F?('LOAD MAIN STORE')

.lF SS¡/3 .POS, .PAUSE

.tF NEXT(37) .NEG, .GO .TO 56

'READ 'uNlr 3(Nu'4)
| =NUM
.READ .UNtT 3(XST(t ))
.GO .To 55
.wRlTE .UNIT 2,12(lSET lNlTlAL S COUNTT)

.IF SS/3 .PÜS, .PAUSE

.R[AD .UNtT 3(NUM)
SREG=NUM

.wRlTE .UNtT 2,F2('l-OlO TRACE POINTS')

.l F SS/ü3 .PCSI .PAUSE
K=O

.ALLOT( .U ttUt-'tt ,Nth42, . I lNut"ll , lNuþ42)

.lF NEXT(37) .NEG, .cO .TO 57

.READ .UNl T 3(Nt,h4l )

.READ .WlT 3(Nt,,t2)
INUMI d.lu¡41

INt l,l2=t'¡Ulvlz

.FOR t=tNr-h4t ( I ) luu¡æ, I (
TABLE (K )= t

x=K+l ) I
.GO ..TO S8
TABLE (K )=NUMI
K=K+l
.æ .TO SB

.Y/RITE .t-hilT 2rF2('t-OlO MAP PATTERNS' )

.l F ssb/3 .Pos, .PAUSE

.lF .L NEXT(37) .NEG, .GO '.TO S7A

;READ .L,Nf T 3(Nrfi)
I =h¡Lful

.FOR J=O( 1)17, I (

.READ .WIT 3(N$,I)
MAP( t ¡J)=¡5¡lFT(NtÞ1,18) )t "

56:

S8:

A

ci

L

L

llrT
-13,?
S9

2
3
3

PY

PC

PN

59:

57:

S7B:



S7A:

FFi :

LOOP:

FC:

TYPE5:

T5A:

T5AI:

T5NZ:

r29

.FOR J:o( 1)17, I (

.READ .uNlT 3(Nu¡¡)
MAP( I ,J)=¡14P( I 

'.1)+NUM) 
I

.GC .TO S7B

.\¡/R lTf .UN I T ?,t 2( ' StT SW I TCHES AND CARR I AGE I )
L I¡FK- i

.IF SS\d3 .PGS, .PAUSE

.,y/RITE .UNIT 2rFF I (tSt, TNEXTt ,,Ct r tMt r tR| ,t7, ,
rN25tr rNt, rf rr'At r,GlGot r tLtr tJ4-i I I,
,yD r, rH r, r(yu) ', r(yL) rr rxD r, rF{ r, o(X) n, 'TlMEt )

. FORMAT (/ / / /,3X, S, 2X, S, 6X, S, i OX, S, 6X, S, 7X,
s, 3XrS, 3X, S, 4X, S, 3Xr S, I X, S, I Xr S, 4X, S, 3XrS,
txrsr3Xrs,
4x, s, 4x, s r2x r s, 5X, s, Txrs )
.GO .TO P3
CREG=FST (SNTg )
.lF .L CREG .ZERtrl(
.wRlTE .UNIT 2rFC('NULL MICRO-ORDER ',SREG)
. FORMAT (/// ,S, L4 )
.PAUSI
.co .To START) I

SBUF=SREG
TYPE=.1 RSHI FT (CREG,33) *7
T I ME=TI ME+TYPT I M(TYPT)
.BRANCH .ON TYPE+I , (TYPEOTTYPII,TYPEzTTYPE3 t .CT
TYPE4, TYPE5 , WPE6, TYPET)
.lF .L CREG¡tl .illONZr .Gû .TO T5NZ
. I F .L CREG*2OOOOO .NONZT .GO .TO T5A
EREG=RSH I FT (CREG*7TIO,3)
.GO .TO T5EX
.lF .L CREG*4OOOOOO .NONZ, .GO .TO T5Al
AREG=RSH I FT ( CREG xTlO ,3)
.GO .TO T5EX
AREG=ARE6*/6+( (Anre*l ) -l )
.GO .TO T5EX
.lF .L CREG+A .NONZ, .GO .TO T5Z
NREG=RSHI FT(CREGX3T777O,3)+RSHI FT (CREG* .CT

T4OOOOOOOTg)
.GO .TO T5EX



T5Zz

T5EX:
T5EX1:

TYPET:

TTRF:

TTCz

T7M:

TTFV:

TTz

TYPE4:

T4:

r30

ZREG'RSH I FT(CREG*37TTlo,3)+RSH I FT (Cnee*,CT
I 74OOOOOOO,9 )
SREG=SREG+i
Jt ND( r 2)=RSr+r FT( (MREG* Oo) -(nnrc*4oo) .cT
-(znrc*4oo)-LSHr FT(MREGr2oo, ) .cr
-LSH I FT (RREGxzAA,l ) rB)
Jt ND(3)=RSHt rr(ZREG*4oOOOO, i 7)
J I ND ( r 4¡=ç5¡ r FT([REG+4OO,B) -l
JIND(15)=o
.lF .L ZRfGxfffTTT .NûNZ, JIND(t5)=t
.GO .TO PRINT
t=(.L cREGxlZ)
K:RSH I FT(CREGXJOOOOOOO,2 I )
.lF .L JtND(l) .NOttZ, t(
.BRANCH .ON K+i, (T7RF ,TTC,T7M'T7FV)
SREG:51 2
.GO .TC T7
SREG=RSH I FT (CREG x3T7740 ,5)
.GO .TO T7'
SREG=.L MREG*T777
.GO .TO T7
SREc:.L RSHI FT(ruReOx7ooooo, I 5) .CT
+LSH t FT (ZREG *77 ,3)
.co .To T7)l
SREG=SREGtl
. l F .L CREG*4OOOOOO .NONZrl (

J I ND (4)=RSn I fT (cREcx2oooooo, I Ç)
J I ND (5)=RsH ¡ FT(cRtcx I oooooo, I 8)
Jt ND(6)=RsHt FT(cREex4ooooo, ì 7) ) I
.GO .TO PRINT
l=( .L cREc*3)+8
.l F .L ZREG* (RSHI FT(CREGxJfffiO,J)+ .CT
RSt{t FT(CRee*r74OOoOOOO,9) ) .NnNZ, | (
JIND(l)=l
.c0 .To 14) I

JIND(l)=o
SREG:SREG+I
.GO .TO PRINT
. I F .L N25 .ZERO,CREG=CREG*TT77TT1T757TYPEO:



TYPEI:
TAEX:

TYPE3:

TYPE6:

T6n:

TYPE2:

PR I NT:

Plt

FI:

P3:

13i

OPER
J I ND( ¡ )=nsHl FT(RREG*1 0OOOOO, lB)
J IND(e)=o
.lF .L MREG+17oooo .NCû.IZ' JIND(e)=l
J tND (7)=nsnl FT (I4REG*400000, t 7)
.GO .TO TSEXI
RYST

OPER
WYST

.GO .TO TAEX
RXST

.lF .l l-2.ZERO, .GO .TO lO
OPER
WXST

.GO .TO TAIX
RXST

RYST

OPER :

\^/XST

\^/YST

.GO .TO TAEX

.FOR l=O(l)u¡1, .lF .l TABLË(l)-SeUr .cT
.ZERO, ,G0 .TO Pl

.l F SS[,/l .PÛSr .m .TO P4

.l F SS\./2 .PûS¡ .GO .TO P5

.GÛ .TO Lffi

.wR ITE .UN¡ T 2,F1(SAUTTSREGTCRIGTMREGTRREG' .CT
zREGrN25, NREG, EREG, AREGTG I rGO, LREG )
.FOFü{AT(Z( tx,L4), I x,L l2rtxrL6 r2(l x, L7), I x, .cr
l-1, lxrL6rtx,L3, I XrL2r2( lXrLl ) rlX,L3, I X,BLl r¡XrL3
,
I x,Ll r?(lxrL7), I xrL5r 1 XrLl, I

.FgR l=4(t ) I l, .wRlrE(ulNo(t )

.wRl TE{YDTYHTYST (YADRSI ) ,VSt
XADRS,XH,XST (XADRS),Tt þE )
.l F sshfi .Pos, .GO .Tt P4
.l F sshtz :POS, .GO .TO P5

.GO .TO LæP

.READ .tt'ilT t(¡tt¡¡)

F72Lx,
)
(v

)I ,

+ ) , .cT
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.FOR l=O(i)tlt4, .lF.l TABLE(¡)-NtX .CT
.ZERO, .GO .TO P2

TABLE (t tM¡:¡¡uY
.lF .l (Llv=Llu+t ) -zao .pos, .vfRlrE .LtNlr .cr
2rF?( 't lt'il T txcEEDED' )

.GO .TO P3
PZz .FoR K=t (t )Hrø,TIBLE(K)=TABLE(x+t )

Ll¡,ÊLlM-¡
.GO .TO P3

.ALLor( . I FADRSrNtxDt,n'l,sron)
P5I .READ .UNIT 3(STOR)

.READ .UNIT 3(NI}4)
FADRS=NUM

.READ .UNIT 3(NI}4)
NUI4DL,SÊ .I NU,I+FADRS-I
.BRANCH .ON STOR, (OrrOXrOV)

DF: .WRITE .UNIT zrïÁ.('FIXED STORE DUMP')
.FOR STOR=FADRS( 1 )NUÞOT'.4, .WRITE (STCR, FST(STOR) )DFI: .PAUSE
.GO .TO P3

FA: . FORMAT (S ,/*t5 ,2X,L12)
DX: .wRlTE .UNIT 2,îA('MAIN STûRE DUMP' )

.FOR STOR=FADRS( I )NUNÐUM, .WR¡TE (STOR,XST (STOR) )

.GO .TO DFI
DY: .þiRlTE .UNIT zrFB( 'REGISTER STCRE DtJÎ.4p' )

.FOR STOR=FADRS(I )N[,r.4DUM,I (
K=2+STOR
.wRt TE (sron,ysT(x ) ,vsr (x+r ) ) ) I

FB: .FORMAT(Sr,/*L3 ,1X.LT r"XrL7)
.GO .TO DFI '

FZz .FORMAT(S)
lO: .lF .L CREG*IOOOOO .NONZT .GO .TO OUT

.wRlTE .uNlT 2rF3(r tNeut REQUEST''AREG)
F3: .FORMAT(SrzX, L2r2XrLz)

.READ .thllT l(NUM)

.\"/RITE (¡¡Ut'¡)
MREG=Nt-Þl

SREc=SREG+l
.lF .L CREG*4OOOOOO .NONZ, SREG=512
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OPERI
.æ .TO TAEX

OUT: .!./RITE .UNIT 2,F3( 'CIJTPUT RESULT', AREG)

| =RSH I FT (CREG*6000000000r 28)
xGcHmst ( t ,MREGTRRf GTNREGTZREG ,O rC)xff
.wRtrE (xo)
SREG=SREG+l
.lF .L CREG*4OCOOOO .NONZT SREG=5|2
.M .TO PR INT

.PROCEDURE RYST,
I =RSH I FT (CREG*l 4OOOOOOOO,26)
YD=CHOOSE ( I,AREG,EREG,O, .CT
RSHI FT (Zntex77OOOO, l2) ,O,O)

. YH=RSH I FT (CREG*2OOOOCOAO,z5)
YADRSI =2*YD
YADRS:YADRSI +YH
YÞYST ( vnons )
.RETURN
.END

.PROCEDURE WIST,
I =RSlt I FT (CREG* r 4OOOOOOOT23)

YST(YADRS){HOOSE ( l rRREG,O, .CT
NREG+LSH I FT (NREG*4OOOOO, I ) rZREG, OrO )
. RETURN

.E|.¡D

.PROCEDURE RXST,
NUSE=O
NBUF:NREG

| =RSHI Fr(CREG*6OOOOOOOOCO,3t )
. I F .l I ,ZERO, .l F .L CREG*4 .ZEROT I (
l.l8UF=NREG
NUSE=I ) I
xD=cHmsE ( t r tfrEG xTTlTT |EREG r O, C, O, O )
XÞþRSH I FT (CREG* I OOOOOOOOOO, 30)
XADRSXD
XGXST (xAonS)*nTnT
.t F .L XH .ZEROTXÞRSHt FT(XST(XaOnS),r B) *7Tr7T7
.4ETURN 

I

.EhD

.PROCEDURE WXST,
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.lF NUSI .Z[RO, NBUF=NREG

| =RSH I FT (CREG*6OOOOOOCOO,28)

XI=CHffiSE ( I ,MREG,RREG*//7777 ,NBUF,ZREGX7777TI, C,O)
.lF .L XH .NONZ,i(
xsT (XADRS )= (xsT (xnons \xTTTlTToooooo)+xt
.RETURN ) I
xST(XADRS)=LSH I FT (x l, I B)+(xsr (xnons ) x777777 )
.RTTURN

.PROCEDURE CHOOSE,

.A
L PY 3 Ori
LPYO O,3
L PY 4 1,1,7

PY 2 Or4
s rc 3 7,1

.c

.END

.PROCEDURE OPER,
. I F .L CREG*1 OOOO .POS, I (
l:RSHI FT (CREG*4OOO, t I )
LRIG=CHOCSI ( I TNREG+777,7Rtîxfff,OrO, CrO) ) I
.lF .L CREG*2OOOOOO .NONZTAREG= .CT
RSHt FT(ZnrC*77O0,6)
.lF .L CREG*4OOOOOO .NONZT SREG=5Il

OPOI SREG=SREG+l
| =RSH I FT (CREG* I 4OOOOO, I 7)
EREG=CHOOSE ( t, EREGTNRE GxT77,¿REGxff'l rC rO, O )
| -RsHt FT(CREG*3OOOOO, I 5)

OPI : MREG=CHæSE( I,MREG,XO¡NREG*//7777, .CT
ZREG*fll|n ,o, o)
| =RSH I FT (CREG*60000, I 3)
RREG=CH@SE( I,RREG,YO, .CT
NREG+LSH ¡ rT (NREG*4OOOOO, I ) rZREG,OrO )

.ENTRY OPERI,
I -RSH ¡ FT(CREG*t 4OoO, t I )
Gl=CHESE( I ,O, ¡ ,GOrGl ,OrO)

OP2: I=RSHIFT(CREG*/OO,6)
. I F .L (CREG*T) -7 .ZER0, .RETURN
LEFT=CHFSE ( I,OrMREc-777777,MRE}, .CT



oP3:

LOG:

ANDOR:

AND:

SETLCI/:

NNS:
llNSl:

ZNS:

NLS:

NRS:

ZLS:

i35
TTTTTT,MREG* t 7 |TTT,o)
LEFT:L EFT+LSH I FT ( LEFT*4OOOOO, I )
¡=RSHt FT(CR[G*7O,3)
Rt GHT=CHOßI ( l, O,RRíG-777777,RREGrT77777, .CT
( l/f*EREo )+ ( RREG*ZZZ4oo ), EREGx3TT) *7T7TTT
RIGHT=Rt GHT+LSHI FT(R ¡691*4OOCOC, I )
MAF I N=R I cïl +777777+r-Sr-r I FT ( LEFT xT77T77 ,18)
l=(.1 LREG*TfT)
MAPOUT=O

.FOR J=o(l)17, l(

.lF .L RSHIFT(UaplNrlT-J)*i .PÛS, I,iAPOUT= .CT
MAPOUT+MAP( I ,J )

.lF .L RSHIFT(tUAnlNr35-J)*t .POS, I.IAPOUT=MAPOUT .CT
+RSHt FT(MAP( l,.l ), r 8) ) I

MAPOUT=M APCUT*7Tf777
.lF ,L CREG*IOOO .POS, LREG=(.1 LRtG+l)
.lF .L CREG*2OOO .NONZ, .GO .TO LOG

A=.X RIGHT+LEFT{€I
GO=RSH I FT( (A-Rt GHT-LIFT)+l oooooo, I 8)
.GCI .TO SITLT/
.lF .L CREG*lo0o .ZERü, .GO .TO ANDOR

A=Rl GHT-LEFT
GO=O

.GO .TO SETLCI/

.lF .L CREG*4OOO .NONZT .GO .TO AND

,A=Rl GHT+LEFT
GO=O

.GO .TO SETLG/
4=R I GHT*LEFT
GO=O '

ARING=RSHI FT(a*t OOOOOO, l8)
.l F .l TYPE .ZERO'ARl NG=GO

l= .L CREG*7
.BRANCH .ON l+1, (NIhISTNLSTNRSTOPzTZNSTZLSTZRSTOPz)
NREÞA*7TT777
N2!=[¡l
.RETURN
ZREG=A* 1777Tn
.RETURN
NREG44APOUT

.GO .TO NNSI
NREG=RSH tFT (Axff¡777 ,1)
.GO .TO l.lNS I

ZREÈMAPOIJT



ZRS:

.END

136

.RETURN
7p56=RSHt FT(Ax/f7777,1 )+LSHI FT(ARl NG, I 8) .CT

+LSHt FT)ARlNG, l7)
NREG= (NREG*37r77)+LSH r FT (A*l , I 7)
.RETURN
.END
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Appendlx 4.

Normal-1zed ill-nart¿ Fractlons.

Consider the representation df a slsned blnary
fractlon f , b¡.r an oriered set of blnary coef f lclents
bl, such that

I = r b{.2-L, lslsn [44.]]
it

Let negative numbers be renresented by the Cininlshed
radJ x complement of the rnagnltude of the number,

f 2 -v1¿ lrl
and Ìet bO 'oe the slgn bLt aitached to
representatlon. Then the comnuter word
strlng of binary di¡1l-ts,

bob tb zb 3

1n a computer whose word lenEth 1s n+I
are lnterested ln the range of nurnbers

when bO / bf.
Conslder two cases :

(a) bO = 0, bt = 1

b n

[Ar{.2]

the
aDpears as a

b1ts. We

renresent ed

The

and

f r/2 [A4 .3 ]

evaluation of the surnrnatlon term provldes upper
lower l1mlts of its value of

0 s I/2 2-n Ie4.43

n!
+ r b,.2.-
1=2 l-

s f : 1- ?

;a

r/2 -fl IA4.5]



(b)

Substltuting

bo

138

L , b I
n
t

-l 
-1L-¿

if = -(I/2) (r - b ).¿- 1

c =l--b

IA4. 6 ]

teu.7¡

SO

IA4. 8]

tAq . 9l

IA4.1].l

1 1

and noting that if bi 1s a blnary coefflclent,
lsc and the I1m1ts of the summatlon term are1t

I -n0< 2

-rl-r-2-" < f .-(t/z)

nt c.
1=2 1

Comblnlng cases (a) and (b), equatlons [44.5] and

[44.9] yield

1rbo/bl, t/2: lrl :1- 2-n [nq.ro]

Slnce the granularlty of the representatlon, i.ê.
the smallest recognlzeable dlffenence between two

numbers is 2-n, equatlon [44.10J may be wrltten

1f bo I bl, r/2 5 lrl <t
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A endlx

Overl-eaf are Dresented
shLft mi-ero-prograrns for the
structures. The maps useC in
mlcro-orogram for a shif*" of
oresented.

The operatlons contaln
oetectlcn ano notlflcation of

listings of the left
exI-sting and augmented
the augmented structure
i3 olaces are also

provlsion for the
overflow,



.BEG I N
LSNO:

LSN2:

LSNI:

LSN6:

LSNJ:

LSN3:

LSN4:

5
I

5
I

7
3
4
3
4
7
7
I

5
3
3
3
4
4
T
I

7
I

I

7
7
4
T
I

7
I

I

7
4
7
3
7
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m77>z
(z>¡'r)* (tryR)>N ; FoRM sH r FT LENcTH
44>z
(ur'l)-(z>n) [ ¡>ot)>z ;TEST I F LENGTH>36
LSNI>s(J3)
(vetDn)>2, o>YAu ; TNJECT zERos
777777"2 JB
(vtu>R)>2, o>YAL

77Vff xz)J9
LSNz>S (JB)
LSNz>S(J9) ¡TEST FOR OVERFL&/
RF>S
loooooo>Z ;StT OVERFLOIJ INDICATOR
z YAU, RF S
(vnu.'R ) >z
(vaL>n)>{ ;oBTA tN DATA
4ooooo*z>JB
4ooooo*z>¡9
LSN3>S(JB) ;TEST FoR NEGATIvE DATA

Z)R, t+l- l >z
LSN4>S(J3)
7)M, RILSI>Z
(N:,n) [LS]ì,N ;sHtFT LooP
LsN5>s (J3 )
LSN6>S ( Jo)
4ooooo*z J9 ;TEsr FoR ovERFLo/
LsN6>s(Jo)
Z.'R, ¡+l >Z
LSN4>S (J3)
z)M, R[LS]:>Z
(N>R) [LS]>N ;sHtFT LooP
LSN3>S(J3)
o*z>Jg
LSN3>S(Jo)
N>YAL r R)Z ; LFP C&IPLET I ON

LSNDS(J8) ;TEST FOR OVERFLÛ/

Contl-nued ove::l-eaf

Table 45.1. Exlstlng Left Shlft Mleronroqram.



LSN9:
LSNT:
LSNB:

14r

7 LSNS>S(J9)
3 Z>YAU, RF>S ;RETURN RESULT
7 LsNg>s(J9)
5 4ooooo>N
I N R, (Z>¡r) [ RS ]>Z
I (Z>M)+N[LS])Z ; INJECT OVERFLÛ/ BIT
3 (N R) [LS]>N, Z>YAU, RF>S

.END

Table 45. l-. cont. Existlnq Left .Shlfn l4l-eronroqra.rn.



.BEGI N
LSNO:

LSN5:

LSN6:

LSNI:

LSNI I:

LSNI 4:
LSNIO:

LSNI 2:

LSNI5:
.END

74?

5 TrTTT>z
r (z>M) * (N.'R)>z ;p tcK up sH I FT LENGTH

7 LSN5>S(JI5) ;TEST FOR ZERO SHIFT
I RF.S
j 44>N
r (z>¡4)-(x,R) [ r >ct ]i)z
7 LSNI >S(J3) ;TEST FOR LENGTH > 36
3 (vnu R))2, o>YAL

7 LSN6>S(.¡ r ¡)
3 (vlu>n)>2, o>YAu ; TNJECT zERos
7 LSN6>S (J I 5 ) ; TEST FOR oVERFLTT\^/

I RF>S

5 loooooo>Z ¡SET OVERFLOW INDICATOR
3 Z>YAU, RF S
5 2>7
r z>LrMIMAP]. N

5 t4>z
1 (z ¡¡)+(N R)>N ;GENERATE sHtFT MAp ADDRESS

3 (vau R)>z
3 N)1, (vlt_>n)+(z>v) [unp]>z>yAL, L+t>L
3 ì+FR I MAP ] >Z>YAU, L+l >L ; OETA I N DATA
4 4ooooo*Z J8 ;AND SHTFT

7 LSNIo>s(J7)
r l4+RIMAP]>2, L+t)L
I r++R[Unp] ¡r ;MAP OVERFLOJ PORT|ON
I (z>M)/(N>R) >z ;oF DArA
7 LSNIz>s(Ji 5)
7 LSNI5>S(J8) ;TEST FoR ovERFLo/
I RF>S
I +,tl z
I Z>M, -R>N ;INVERT DATA lF NEGATIVE
I N>R

7 LSN1 l>S(Jo)
7 LSNI4>s(J8)
5 4OOOoo>¡¡

3 (vlu>n)+(x>u) z ;sET ovERFLo/ tNDtcAToR
3 (2,,R)4¡¡ I)YAU, RF>s
3 (veu R)>Z>YAU, RF>S ;RETURN RESULT

Table A5.2. Augmented Left Shlft Mlcronrogram.



143

ADDRESS = loOI
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
ooooooooooooocoooo
oooooooooooooooooo
ooCIooooooooooooooo
cooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooo0000000000

oooooooooooooooooo
I OOOOOOOOOOOOOOOOO

ol oooooooooooooooo
ool ooooooooooooooo
oool oooooooooooooo
ooool ooooooooooooo
oooool oooooooooooo
ooooool ooooooooooo
oooooool oooooooooo
ooooooool ooooooooo
ooooooooot oooooooo
ooooooooool ooooooo
oooooooooool oooooo
ooooooooooool ooooo
oooooooooooool oooo
ooooooooooooool ooo
cooooooooooooool oo
ooooooooooooooool o
oooooooooooooooool
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo

ADDRESS = lol
8

o
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo

oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooccooo
oooooooooooooooooo
000000000000000000
oooooooooooooooooo
oooooooooooooooooo
0000000ocooooooooo
oooooooooooooooooo
oooooooooooooooooo
000000000000000000
crooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
000000000000000000
000000000000000000

oooooooooooooooooo
r ooooooooooooooooo
ol oooooooooooooooo
ool ooooooooooooooo
oool oooooooooooooo
ooool ooooooooooooo

Tab Ie 4.5 . 3 . Shi ft lng l4ap s for the Auqrnented Left
Shlft Operatlon.
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ADDRESS = lo2g

oooooooooooooooooo
oooool oooooooooooo
ooooool oooooooo000
cooooool oooooooooo
ooooooool ooooocooo
0000cooool oooooooo
oooooooooct ooooooo
oooooooooool oooooo
ooooooooooool ooooo
oooooooooooool oooo
oooooocoooooool ooo
oooooooooooooool oo
coooooooooooooool o
ooooooooooooooooot
oooooooooooooooooo
00000ocooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo

oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo

ADDRESS = 1 03,I
oooooooooooooooooo
oooooooooooooooooo
oooooooooo00000000
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
cooooooooooooooooo
cooooooooooooooooo
000000000000000000
oooooooooooooooQoo
oooooooooocooooooo
oooooooooooooooooo
ûooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
ooooooooooooooooo0
oooocooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
cooooooooooooooooo
ooooooooooooooooco
000000000000000000
oooooooooooooooooo
oooooooooooooooooo
oo0000000000000000
ooooooooooo0000000
oooooooooooooooooo
o00000000000000000
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo

Table A5.tJ. Overflow Detectlon l4ans for the Augmented

Left Shlft erat 10n.
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Appendlx 6

Provl-s1on of a General. M 1n Instructlon for CIRRUS.

Thts lnstructlon, provided 1n the CIRRUS A-Code

ItZl repertolre (see Appendfx 1), makes the
facllltles of the maoplng unlt withln the augmented
structure avallabLe to the machine laneuage proqrammer.

Name MA

Varlants N rU rL
Actlôn vMAyx

(1) v = UrL. The Y-reglster
deslgnated by y and v ls
transformed accordlng to the
map whose address 1s x.

(2) v = N. The Y-reglster
ciesiEnated by y fs transformed
accordlng to the maos whose

addresses are x, x+1.
Mlcro-Code See Tab1e 46.1 overleaf
Execution Tlme

U MA, L MA t mlcro-seconds
N MA 2I mlcro-seconds

-These execution tlmes do not include
lnstructlon extractlon, modlfÍeatlon
or lnterpretatlon tlmes.



UMA:

LMA.:

NHA:

-lçc

3 N)L r (vnu>n ) l ¡¿¿p l >Z>YAU, RF>S

3 N)1, (YAL>R) iM,qP ì>z>'rrt, RDS

3 (vau>n) z
3 N)l, (vnu¡n)iunei>z>YAL, t-+r)L_
3 FEFR I MAP ]>Z>YAU, RF>S

Ì''ii cr"ocoitt:s fo¡' ¿ì Celreral i''ieln i n' Or'erat i.on':â11rê ¡li-. I

j ñ a-iÌl.I?lì.1
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Appendlx 7.

On the followlng pages hle present the mlcro-
program and the lnterpretlve proeraln for performlng

the quarter length perJ,od additlon, X SYQ. (see F1g.

A7.I for a schematlc dlagram of the operatlon). The

lnterpretlve verslon, wrltten ln CIRRUS C-Code t11l
may be conslCerably economized 1n A-Code [12], the
C-Code version ls presented for c1arlty. The tlnlngs
of lable 6.2. are for the economlzed verslons.

X SYQ

a b cd

ABCD

Y locatlon

X loe,at1on

Result to the Y Locatlon

+

+

a+C b+D c d

F1e. 47.1.
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SYQX: z (xNL>4)+(vnu>n)>z>xou
5 (MAP| )>z
I Z>1, |4+R[MAP]>2, L+t>L
r M+RIMAP]>N
r (z>M)+(N>n)>z
5 (mee)>ru
6 N)1, (xoux) [MAP] >N
3 (zx),/(N>R)¡z¡vau, RF>s

Table A7 .1 
" Quart er Lensrth Additlon - l4icro-

fnstruction Version.
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.PRocEDURE sye(a,erc),

..4=VARIANT¡ B=X LOCATION, C=Y REGISTER

.ALLOT(. ¡ ArMrN, .L B rCrTl rT2rT3rT4)

..ISTABLISH SHIFTS RTQUIRED TO ISOLATE COMPONENTS

..FOR A GIVEN VARIANT FRS'4 THT QUARTER LENGTH FORMAT

N=tNTDtv(3-4,2)*tB
M=REM(R+t ,2 )* I B

.. I SOLATE THE I ND1 Vt DUAL COMPONTNTS, RIDUCE t4ODULt 5l I

Tl =RSHI FT(B,M+9)*777
12-RSH I FT (B ,M)x777
TJ=RSHI FT(C,N+9)*777
T4=RSH I FT (C, N)*777

..PERFORM ADD|TtON, REDUCE RESULTS ¡4ODULO 5l r

Tl=( .t Tt+T3)*TlT
T2=(. I T2+T4)*777

..REFORM QUARTER LENGTH FORMAT FOR APPROPRIATE VARIANT
c=c*LSHtFT (777777, l8-N)+t-SHt FT(Tl,N+!) .Cr

+LSH I FT (T2 
"N)

. RETURN

.f ND

Tabl-e AT,2. fnternretlve Subrouti.ne for 0uarter
Lenqth Addi tion.
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Appendlx I

A Mlcro-Prosramned Slmulator.

Thls appendlx contains a llsting of the CIRRUS

mlcro-programmed simulator of the intruction extractlon,
modJ.flcatlon ano lnteroretatlon of the I.B.i4.,System,/
360.

Interrupt and exceptlon detectors are provlded,
but Drocesslne of suchrrabnormaltf conditions do not
form part of the normal trroutlne f l-cwtr.

A storage mao of the loqical varlables simuLateq
wlthln CIRRUS 1s also Elven.



Ex eeot 1 ons fndl cat ors
PS'd( \9-64) ï U

IFA l_

PSI¡J ( 32-3 _3)
T ¿

Interrunts â I
PSl^i( I -16 ) a2

PSI,'I( 17-32)
"j

PSW(3r-48) 1t
I

¿
l

address comp-
are switch

addre s s
swit eh

operat ine
state rat e sr¡l-t ch

,/,/ ,/ ,/ ,/ ./ ./ , t 
./ ./ ,/ ,/ ,/,/ ,/

R 0
t!

0

R
I

B
1

P
15

F
l_5

Er
0 nlì"

Eì
0

E1
0

F1 F1

F 3 F, 3
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ADDRESS UPPEF LOWEF

0

t
2

3

ll

6

7

10

11

T?

fnst ruct 1on
Feslsters

Addre s s
Feel st e rs

FleId Lenqths

t?

20

¿L

General
Purpose
Feqlst ers

i!

40

41

tr2

Ì¡loal inc
Point
Regi st ers

tt7

trlqure 48.1. Storage M of CIRRUS Y-Store for
The Mlcro-Programmed Simulator'.
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; SYSTEM/36O l¡ I CROPROGRAI,ü"1ED S I MULATOR

RF: 3 (vol>n) =l) Z

;CHECK Cl RRUS INDICATORS
7 RFI >S (U .| 

5 ), ooo>J4.6

;CLIAR THE EXCEPTION REGISTER
3 O>YOU

5 2>A
; CLEAR THE I NSTRUCT I ON REG I STER ADDRESS COIJNTER

3 o>YAU
RF9: 5 l>t
;OBTAIN AND INCREMENT THE SIQUENCI COUNTER, PSw(49-64)

3 (vrr.'n)mrI r >ct ] >z>YEL

;DECSAPOSE ADDRESS

5 (¡¡¡Pl )>N
I N)>L, RIMAP]ì.2, L+l>L
I RIuap ]>u

; CHECK MEÎ"1ORY ADDRESS FOR LEGAL FORM

7 RF2>S(Jl5)
r (N'u) z
4 TTooooxZ)J8

;CHECK lF ADDRESS < 2xx12
7 RF3>s(JB)
5 2>E

5 (¡¿¡p3) >z
3 (ye l>n) +(z u)>7

;ADD THE APPROPRIATE PREFIX
I z>1, (N>R) [¡¡np]>¡'¡

RF3: 5 l2>E
3 (ve u:'n)¡z

;CHECK IF ADDRESS COMPARISON REQUIRED

7 RF4>s(Jl5)
;CÛ*APARE ADDRESS AND ADDRESS S\^/ITCH

3 (vel>n¡-(r.r>M) [ l>ct )>z
7 RFA>S(Jl5)

;SET OPERATI¡t3 STATE = STOP

5 20>E
3 O>YEU

;OBTAIN TU/O BYTES FRO|.I MAIN STORE AND PLACE

; lN APPROPRIATE INSTRUCTION REGISTER
RF4: 5 (rule3) >z
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I z>1, (N>R)[uae1¡¡, L+r¡¡I RIunp]>z
7 RF5>s(Jl 5)
3 (vnu.:,n) [ 

,|>ct 
]>z>yAUz z)8, (xNUx) z>vel

7 RF6>s(Jo)
RF5: 3 (vnun) [l>c¡ ]':Z)YAUz z)t, (xrur_>v) z>vrl
;BRANCH IF THE BYTTS OBTAINED ARE PLACED IN
; INSTRUCTION REGISTER O

RF6: 7 RFDS(J4)
5 (MAp5) >z
5 l>A

;SET INSTRUCTION LÊþIGTH CODE

3 7)L, (vnUn) luae1¡7, L+i)L
I RIl¡ap ]>t',1

5 3)e
3 (N>¡,r)+(z>n) >z>vau

;COMPARE LENGTH CODT AND NUMBIR OF BYTTS OBTAINEDRF7: 5 3)a
3 (vnl>n)>x
r - (z>{)rre >z

;BRANCH IF I.ORE BYTES REQUIRED

7 RF9>S(J3), I oo>u46
;OBTAIN OPERATION CODE AND BRANCH TO FIRST DIRECTORY

5 l>A
5 (uapZ)>z
3 7)L, (v¡u>n)[uan1 7
I RIMAP ]>N
1 Z>M

T M>S(Jo), lll>J46
; ISOLATE EFFECTIVE ADDRESSES BY FORMATS

;REGISTER - REGISTER OPERATTONS
RR:
RR3r

I N>M

5 1>A

5 (uapg) >z
3 z.>L, (val>n) [uap]..2, L+l)L
3 Z>YEU, RIMAP]X, L+l>L
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I oE[ I >cl ])z
3 7)E, N>YEU

;BRANCH TO SECOND DIRECTORY FOR TNSTRUCTTON EXECUTTON

7 M>S(JO)
; STORAGE ll.ô,lEDl ATt FTRMAT
Sl: I N>M

Sl3: 5 2>A
5 (unp t t)',2
3 z)L, (vnl;n)lMAPl>2, L+r>L
3 RiMAPI>N

;DETECT IF INDEX ADDRESS = O

4 l7*Z)JB
7 sl l>s(J8)

Sl 2: 5 4>E

3 N>YEL

7 M>s (Jo)
;ADD CONTENTS OF THE INDEXING REGISTER
slì¡ 3 7)8, M)2, YEL>R

t n+(ru. u)¡r'r
I 7);14

7 sl2>s(Jo)
;STORAGE -STORAGE OPERATIONS
SS: i N>M

5 l>A
5 T>r

; I SOLATE AND STORE FI ELD LTNGTHS

5 (vnpt3)>z
3 Z)L, (VnUn)IMAP]>2, L+l>L
3 Z>YE L, R[MAP ]>N, L+l >L1 RIuae1¡7
I Z>R, OEIl>ct ] .Z

3 7)8, N>YEL
I oE I I >Cl ],rtt
3 N)E, R. YEL

;FORM STORE ADDRESSES, INDEXING IF NECESSARY

5 3)¡
5 (uner 5)>z
3 7)L, (vnUn) [ulp]>2, L+l >L
r RIMAP l>N
4 lZxZ)J8
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7 ssl>s(J8)
SS2: 5 5>E

3 N>YEL

T s l3>s(Jo)
SSl: 3 Z)lt M)7, YEL>R

I R+(tl¡w)¡N
I Z>M

7 sl2>s(Jo)
; REGI STER -STORAGE OPIRATITNS
RS: I N>M

RS3: 5 l>A
¡ I SOLATE AND STORE IFFECTI VT ADDRISSIS

5 (une 17)>7
3 7)L, (vnu n) [vaP]>z
5 6>E
3 7:'YlL
5 2)a
5 (uaer 8) z
3 Z)1, (vnl', R) IMAP ] N, L+l >L
I R[¡¿nP ]',2

;CHfcK FOR INDEXINc REQUIREMENT
4 17*Z)JB
7 RSI>s(JB)

RSZ: 5 5>î.
;STORE TFFECTIVT ADDRESS

3 N.,YEL
7 RR3>s(Jo)

RSI: 3 Z),Et YEL R, M>Z

;PERFORM I NDEXING
I (Nì>M)+R)N
I Z>M

7 Rs2>s(Jo)
;REGISTER - STORAGE INDEXED OPERATIONS
RX: I N>M

5 2>A
5 (ulet 8) ,z
3 Z)L, (v¡¡->n) [¡¡ap],'N" L+t >L
I Rft4AP)>z
4 lf xZ)J8

;TEST FOR FIRST INDEXING RTQUIREMENT
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7 RXI>s(JB)
RX4r 5 l>A

5 (une 19)>z
;FORM SECOND INDEX REGISTER ADDRESS

3 z)L, (val>n) l¡lnP I >z
4 l7xÞ¡B

;TEST FOR SECOND INDIXING RIQUIREMINT

7 RX3>s(J8)
RX6: 5 ,>r
;STORE EFFECTIVE ADDRISS

3 N>Y[L
7 RR3>s(Jo)

RX3: 3 7)E' YEL'R ' M)Z

;PERFÛRM SECOND I NDÉXING
r R+(N w) ¡¡

läM
7 RX6>s (Jo)

RXI : 3 7)8, YEL>R, M>z

;PERFORù4 Fl RST INDEXING
r R+(N>M)>N
I Zì'M

7 RX4>S(Jo)
;REENTRY POINT FOR ALL IXECUTION MICROPRÛGRAMS

; (except 'EXECUTE ' )
RF2o: 3 (vou>n)¡z
;BRANCH lF EXCEPTIONS HAVE OCCURRED

7 RF2l>s(Jl5)
;CHECK FOR INTTRRUPTS
RF26z 5 4>E

3 (vru>n)>z
7 RF22>S(Jl5)

;CHECK CIPERATION STATT

5 l3>E
3 (vrl>n)>z
7 RF23>s(Jl 5)

;SET OPIRATING STATE = STOP

3 o>YEU

;SIMULATOR lS STOPPED' CIRRUS INDICATORS

;ARE l.€NITORED FOR KEYBOARD CHANGE

RF24: 3 (vol>n)=t)z
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7 RFt>s(Jl5)
7 RF24>s(Jo)

;CHECK FOR l.tANUAl- CONDITION
RF23: 3 (Yru>n) z

7 RF25>s(Jl5)
T RF24>S(Jo)

;CHECK FOR WAIT CONDITION
RFz5z 5 5>E

5 (uapeo)>z
3 Z L, (ve u>n) [MAP]>Z
T RF26>S(Jl 5)

;FROCEED h,ITH NEXT INSTRUCTICIN

7 RF>S
.END

Table .Ac9. I. Listi.n,q of the CiF,FU.! Flicrc-Pro{rammed
Simulator for tl-¡e S.'¡sten,/360.
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