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62912 DATA PROCESSI NG SYSTEM I.NCLUDI NG | NTERNAL REGQ STER ADDRESSI NG ..
QRANGENENTS The present invention relates to data_processing systens and IVB
s nDre part|cularly concerned wi'th the addressing of internal reglsters i n.

c ntral 5 prOGeSS|ng units (CPU‘s):gf such- systens. ktn B.P. No, .

;431 there i's provided a mul ti - cessor systemin which each CPU |s

OVI ded wi th an‘individual bus to provi de access to informati %eé% |
;orage | ocations, and peripheral equipnents using a 10- conpre%ﬁ ' iré '

I dd t
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ijternal regi E{:ému}"‘éﬁﬁr QigNGhdre tﬂﬁﬁiﬁ’\?ﬁéﬂ’j‘ ébﬁéérhédpm‘ﬁhd%ﬁea dat a

mﬁﬁj e of perr pheral
Jui pment) and -an ‘of fset address us %F%lne the requ?ged Iogatlgn o
thin the modul e. mk3 RE%ee%ta b (ﬁ S onh NP PEESENE 0! AY%ER! QBcE%sﬁikgnd the

dr essi ng systen1so t nor ma essing 1 nstructions re use access

ocessi ng system of jthe type incl'uding one or nore processing units,

‘plurality ojaskerade ietcuthe WaTstéty oh aﬁél Eéﬁlti-hleqw pnent s‘_and

-gach st6rage nodul e and each' peripheral “equi pnent i s provided with an

cess umbt apfoessBiPRO@IYNY CRUNY) iGf pEwahdgsispbnB.i ts own unique data

communi cation path which is connected 25 ~ to an individual port. on each -

-

ccess unit and eafh BcPesMNounilt, 3 gpldi thenedii photrhdedy st emlitdent ity of
he equi prment it serves. and each access unit includes an identity address_'

ecognltlon apraogssemtsam&emranssﬂxrqh each CPU.-is" prov1ded with an -

individual bus to. prov1de access to 1nfcrmatlon held in
- storage locations and_perlpheral equipments u31ng“a .
10 coﬁprehenéive single addreSsiﬁg syéﬁem.s.In'spch'an
arrangement each address édmprises a module nu&ber which
' specifies the_mddulé (i.e. sfore module or peripherai
fequipmeﬁt) and. an offsef address uéed.to-defiﬁe the
requlred locanlon within the module. | ..

- 15 . . Xt is an aim of thé present 1nvent10n to exrend the :
addre551ng syatem so that normal addres51ng 1nstruct10ns’_
are used to access 1nternal reglsters. _

Accordlng to the 1nvent on there is prov1ded a data
aproces31ng system of the type 1nclud1ng one or more o
20 : process1ng units, a plurallty of storaoe modules and
| | a plurallty of perlpheral eqalpmen ts and each stcrage -
';,module and each perlpnnral equlpmcnt 1s prov1ded w1tn an
access unlt and egch proce551ng.un1t is prov1d§d with 1ts :
own unique data cdmmunication path Which is conﬁected
25 to an individual port on each access unit and eacn access
| unlt is conaltlonea w;th the system identity of tbe
'eoulnmeut ¢t serves and each access.unlt includes an

1dent1t} address recognition arrangement and processing
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erforred by the ‘processi ng ‘unit extendlng to its own conmunicati.on path

n address’ compri si ng at-Ieast two fields, the first address fiel d defining
t he system5'" i'denti‘ty of the requir d storage nmodul e. or peri pher al
equrpnent and the second defining a location wi-thin the- requrred st orage
nmodul e or “peri pheral eqU|pnent and i n which each processing unit includes
a bys interface unit which is condltloned2Mnth a codeindicative-of thé -
systenth ‘i'dentity of a processing unit and 'the bus interface unit-

i ncl.udes arrmu‘en@r:t:?seda@esspeeeegﬁrsiloﬁqarlpaw@érrm Aactiorassd medulee
presentatlon ‘of an address_including a first field defining the system ° -

i dent ity oflecaktRRsks npethPrmaddby §BeoRYOCRSRA NG WHd & B dRir ess

is used 15, to sel ect one of /the |nhernal i sters of the praocessin
Uni o I n- adkbe | OHD  FRRPRREFABLPAoPathe AB0RES eaéc&r’amr&see TohaAe of

Lhe et Inf"g? E14PE8) (o hghe"alukeRY K30 ed st Bl t%xr%ﬁt%hf or na
L ocati ohs +HAEREL gfeéﬁgggﬁgﬁ'aﬁg? §F?§§§%§3?h§%§’@ PR ER I o
mohi ne | nSLeULAQHS SHANAS hOBENaSEREAANY NOVbed ST Sl e na

registers ra providi'ng special purpose instructions. This

arrangement,. S&?@P@nﬁts&&ti% Srnsahtécaecgte m?ﬂfus? @qquareq&essaaw iSrYStem |

I ncor por at € ormation protection
which each processing unit includes a bus interface unlt

Lp+t‘aoeess-to:'perrpheral equrpnent OF . storage modul.e Iooatlon is.
p

.which is condltloned w1th a code indicative of the system
10 : 1dent1ty of a proceSSLng unlt and ‘the bus interface unit
includes an 1dent1ty address recogn1t10n arrangement -
't_actlvated by the. presentatlon of an address 1nc1ud1ng a |
' flrst field deflnlng the system 1dent1ty,of a processlng
unit and a second field of the'presented address is used
15  to select one of the internal registers of the processiag _
'uﬁit. : . : |
| In addition the reﬁainder of the.address'aocording tb'.f
a feature of the invention is.used'to select a bit pattern.
. or a single bit.in the selected internal register.f;
20 _ ' By sﬁch an arrangement the internal_registe:s of a _
processing unit are accessed in.an identical manner to the:

locations in the storage modules allowing the use'of'

'general purpose machine instructions such as LOAD, STORE

and MOVE, to access’the'internal'registers rather than
25 prov1dlng spec1a1 purpose instructions. Tﬁis arrangement
has part*cular 51gn1f1cance when the data process1ng
system 1ncorporates ‘information protection.systems (u51hg .
for example so—called'capability'registerS) as the

protection mechanisms can be extended to protect
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for exaqple so-cal t ed capablllty registers) as the protection mechani sns

an ‘be ext'ended to: protect .- -3- informati-on held in the internal /)
pgi'sters of ‘the processing unit. The invention together with its. varlous v /
fatures shoul d be nore readily: undegitood fromthe follow ng 5- :
fscf\ptlon ‘whi ch shoul'd be read.in ¢ junction with the acconpanyi ng

. drawings. <O . the draw ngs, Fig. 1 shows in block dlagranlforn1a typi cal _
dat a proce53|ng system for use.,with the invention, Fig. 2 shows, in block"

gragr am formfnféfﬁﬁﬁibﬂghéﬁd 1wﬂtthe8liﬂ@eth?ai O#e%fé‘té‘rsh ghgpknvent i on,

‘H.g. 3 shoms I n bl ock diagramforma bus inte uni t or use in the.

'féventlon oéegggﬂg hhgtspeC|aI purpose data and capability register
i Fig. 5 shows in tabular form a typical .- -

i ht er nal rmde addreRs Dhvealthiopatiop tMiar aastIi Dts byahivesi Pebbawedi agr am.
irn1the operations perforned in |oading an internal register. Cbn5|der|ng-
firstly Fig. shouldvbél mbeeseeadily wmdrstoodiufrémdehe PoRLEWSHEY SysStem
“ifs-shown including (i) a numbér of processing units CPUL and CPUZ, (ii) a
“nunber of5 st degeriptiibaswEish Shevdrd 18TCeadl inidconjangtibon withelth]eher al
-equi pments col | ectively shown as PE.. Each storage nodul e- and each :
-rlpheral(ﬂﬂn¢mmpanysngrdVHMQ@gs. Of the draw1ngs

Fig. l _shows in block dlagram form a typlcal data

e —

l_.process1ng system for use, w1th the invention,
 Fig. 2 shows, in block dlagram form a process1ng
lO .unlt sultable for use with the 1nvent10n,
| Flg. 5 shows, in block dlagram form a bus 1nterface”
unit for use in ‘the 1nvent10n, | | o
| Flg. 4 shows the speclal purpose data and capablllty

reglster prov1dea in the CPU, | _

15 _f Flg. 5 shows in tabular form, a typlcal 1nuernal
'-'mode aadress bit allocation whereas |
| hlg._6 shows in flow dlagram form the operatlons
performed in loading an 1nternal reglster._
Considering flrstly Flg. l 1t w111 be seen that a
20 modolar data processing system is shown including (i) a
| .number of processing units CPUl ahd'CPUZ, (ii) a number
of storage modules STA, STB and STC and (iii) a group of
-perlphera1 equlpments coll ctively shown asHPE...Each |
_ ‘storage module and: each perlpheral equlpment ls prov1ded
25 with an-access unit SAUA SAJB SAUC and PAUN,
Each process1ng unit is pT ovided with s discre ste
'communlcaulon path or bus (CBl and. CB2 respecblvely.for L

_.prooeSSlng unlusJCPUl ano-CPUZ). Each buc is termlnaued




25 . wifh an aace&s unlt SAUAH_SAUB M.UC and PAUN Each proce55|ng unlt
prOV|ded wth a dlscrete communi cation path or bus (CBl and CB2 . -!
irespéctlvely for proceSS|ng units CPUL and CPU2). Each bus S tern1nated | }Z
‘upon a separate port of all the access units (SAUA, SAUB, SAUC and *PAULN) . :
Al | the access units-are .provided with the facility. of recognising coded
address i nformation when applied t the ‘buses terminated.on their i nput
pqrt. Considering now Fig.. 2, eaéhqbroce33|ng uni.t- CPU |ncludes .an Adata
filTe ADF and a B data file BDF each including 32 locations together with A
_and B capability register files. "ACF and BCF. = The capablllty regi sters are.

used to d 0 n t h .

di scl osegﬁ?&rﬁhBQPégga:ecjaﬁel y&?tilton pé%e%% %%‘%éég ﬂﬁﬁg g@‘%‘%s%ﬁ%and BDF
provi de dggﬁccahgdpmgggster ‘arrangenents and each incl ude ei ght general
purpose data registers'referred to as D(O to-IX7), in which all  data

nmani pul ation i gypether RREe sk uniﬂgeéf@rpi‘bﬁi‘dédnwm@ﬁr t@e FRRSNAltpurpose”
data regi sters whi ch are shown in Fig. 4 and which are only accessible in

i nt er nal ﬁﬁd@ecoéhQsQQQQdeéd/d&&héﬁéﬂ1ﬁfb§ﬁaﬁ£5na&ﬂeBCEn@mwédﬂto o
dupllcated regi ster arrangenents and each include a nunber of general

purpose cthabblisty tegminerte®bn tloget hbnputtpoatounber: of speci al purpose
capability registers. The general purpose capability registers referred to
-as C(0) to C(7¢oasddeadaden nuv mnagd@pre@d:hrproc‘psssnumn.ltaﬁé’lhddxcehsdea '
limt address and an access
an A data file ADF and a B data file BDF each including 32
locations together with A and B capability register files.
ACF and BCF. The capability registers are used to provide
10 information protedtién arrangements of_fhé_type &iséloéed

in B.P. Spe01flcat10n No. 1,329, 721 The daté files ADF

'and BDF provide dupllcated reglster arrangemenus and each
include eight general purpose data registers referred to
" as D(0) to D(7), in which all data menipulation is performed,
lS ' together with a number of speciéi purpose data registeis
which are'éhown.in Fig. 4 and which'aré'only accessible.
in internal mode. The capability register files-ACF.and-
BCF provide dup;icatéd_register arrangemenﬁs an& eaéh
'inqlude a humber.of general purpose capabllity registers
IVQO _together.with s number of special puipose cépability
registers: The gene:ai purpose capability registers"
referred to as C(0) to ¢(7) are loaded with a.descriptor
“comprising a 6ase-addre5s, a limit addr°Sé and an'adcéss
-rights code 1nd1cat1ve of a block in th° memory or a. groub
25 of perlpherax equlpment reglstersf The capab111ty reglster
files ACF and BCF are sh§wn segregated 1nto a base section .
(ACB and BCB) and an access/limit section (ACA/L and BGA/L).

i - The specisal purpose capability registers are-only read



|ghtswcbde:|nd|catrve?of a block i the nenDry or a group 25 of - s

rlpheral -equl paent-’ reglsters ‘The"; capability register files ACF and BCF 7%@

e-shown Segregated into a baseé *secti on .(ACB and BCB) and an access/-l|n1t S

ot i-on - (ACA/L and:BCA/L). The speC|aI5purpose capability registers are ~

ly'read - . '5 and al-tered by progranms”havi ng the capability of addressing

, |nternal “mode.” SPECI AL PURPCSE" DATA REG STERS The speci al purpose Data ..

stéers are listed below. 5 As -mentioned previously they are accessible

~I'nternal addeiltelred BySprograns Adetegs thRegicsipebi(liAfy dhis register -

nt ai.ns .t he absol ute address of the current instruction wthin the program

ock speC|faddrHss1ﬂgfiﬂnnnmmenal podpose Capability Register C(7). .ft-

s altered by 'CALL, RETURN and LOAD CAPABI LI TY  C(7) -instructions.and - -

anged. by a SORQNCE, PUREGSE | BATAUBEGERTEBS Wt ch- Dog. Ti ner Regi ster’

R). This register is changed by a CHANGE PROCESS 15 -instruction, 'the

d val ue bei ng s&hal speciel PpecpeseDlata Begilstoirs ra;‘e;lmmi@dbelomss

he new val ue is | oaded-fromthat of the activated process. It is

crenenbed disc@enisigned eetiouslyi thegaames acsessidlmuin 1ateropl is

pused. It therefore measures the total tlne ‘each process 20 - " is active.
In-terruﬁOdRcc-ept Regl ster (IR ' - o S

1. Instruction Address Reg;ster (IAR)

-ombvﬁ

whaﬂoho*dd—

': This'regiSter contains the absolute address of the
_current iﬁstructioriwithin;the program block specified
10 __By the gereral purpose Capability Register c(7). It is
altered by CALL, RETURN and LOAD CAPABILITY 0(7) 1nstructlons
" and changed by a GhANGE PROCESS 1nstructlon.
2. Watch-Dog Timer Reg;ster (WTR) ' -.: .:irld .

- This reglster is changed by a CHANGE PROCESS
'715Jd-1nstructlon, the old value belng saved in the Process Dump-~
- _' - Stack of the suspended process; the new value is loaded

from that'of_the_actifated process. .If is deeremented once

every lOOmnsec. If it reaches.zero, a Fault Interruﬁt is

caused. It therefore measures the-fotal time each ﬁrocess
20 -is active.. | N | |

3. Interrupt Accept Reglster (IR)

This reglster_contalns a 31ngle bit, blt 6, whlch is
" set when a Program Trap is accepted. |

4, - Process Dump—Stack Pushdown Recister fPDQPR)

25 Thls reglster contains an &bsolute address pointer

- whlch defines the current t0p of the Process Dump Stack
(1,e. it poxnts to the flrst-word in uhv_area aveilable.for
dumping). It is altered by the CALL RETURN,rnstruction end




Thrs~regrsrer contarns~a srngie blt b|t 6 mhrch i-s. set. mhen.a Program
Wrap L s accepted. 4. - Process Dunp- Stack Pushdown Regi ster (PDSPR) 25
Whls regi ster contains-an absol ute addressp0|nter whi ch defi nes. the current.
iop of- the Process Dunp Stack (i.e. it points to the first 'word in the area
dvai |l abl e for "dunping). is altered by the CALL RETURN instruction and’
6:\changed by the CHANGE PROCESS-rﬁSbructlon 5. Fault |ndicator. Dunp S
Reqi,ster (FIDR) Followi ng the first. Fault. Interrupt this regi ster contains. -
the state of the Fault |ndicator Register.. 5 6. Level Nunber . Register .
(INR)' T - This register is. divided into two parts. = The nost

si‘gni fi carthangedsbFothai FEANGE: FRAGHSS i instmyetionnber of the process.

It is altered by the CALL and RETURN_j nstructi gns nd changed by the:
CHANGE . PRCZESS Yauiltdpdigator DmRMgﬁﬂmim 16 bits of the
reglster cont ai ns rel ative addres nt : Local Capabil ity Count
and Local StoreFQieawléﬁuﬁPeR£$¥§§3 ¥§}§iﬁ¢%¢VEEpsFEFS|§36F§|&@o into

two parts.

humber of %@grleapibﬁr stel Qti{eatiedtf’autbtaif%ﬁ% of RAEiEEeR. * the®l cast

si‘gni fd can |ts 10 t e r |st r. coﬁﬁﬁéy the | ocal_ store clear ‘count. 8.
Dat a. gls Ers _ o :

 This register is divided 1nto two parus. The most

| significant 8 blts-contaln the current link level number'.
" of the process. It is altered by the CALL and RETURN B
: '1nstructlons, and changed by the CHANGE PROCESS 1nstructlon.'
"10 The least 31gn1flcant 16 bits of the register contalns a

'relatlve_address pointer. : o ..

7. . YTocal Capability Count énd Locai
'_ Store Clear Count Reglster (LCGR)

The reglster is d1v1ded into two parts. ' The most
15-. sign+f1cant 8 btts contain the count-of the number of_local
" capabilities created at the current link level. The least
:significant 16 bits of the register contain the local store

clear count.

8. Data Registers D(A) and D(B)

20 ) 'Theee registers are not used by"any of.the functions_:
of the processor, ouﬁ can be eccessed.by data_instructions-
o using 'Tnternal Mode . | | |
| All the SpeClal Purpose Data Reolsters are 24 bits

long. with the excepulon of the Interrupt Accept Reglster.

L s g0 e e b, o

25 All of them can be accessed by data instructions using

3

’Internal‘ﬁode‘ as well as being accessedtby specific r

instructions.
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These Tegisters are not used by any of the functlons of the -~
ocessor but can be.accessed by data |nstruct|ons using 'I'nternal Mde'.
‘the SpeC|aI Pur pose. Dat a Reglsters are 24 bits long, wi'th the exception \/L
¢ h Interrupt Accept Regi st er-. of ‘them can be accessed by ‘dat al-
stfuctions using 'I'nternal Mode' as Rerl as ‘bei ng -accessed by specific '
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*structlons SPECI Al PURPOSE 'CAPABI LI TY REG STERS There are ei ght

eci al purpose Capability Registers, which are used by the processor: uni t

access con nf QL) nd altered b rograns 5
i ch "have thkﬁ&kﬂuﬂ- iﬁ&h&ﬁ Q&éxgiLiﬁgfﬁﬁG&Eﬂgﬁgkal Mode' 5|%cg sge0|al

oo™ l

ading ot uct| O e 40 SN Sethokny aERRRR.! b P Rﬁ%lc%‘% <
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t th f t t I '
acur e the SECSFIEROEL MEP 68 B TReRic bl Siech T Do 1

3
30 [err] by hBﬁ.c'B[ Qfé?‘%otfhéﬁk‘,é abﬁﬁf’@y Cj’ saa BB sAPLixP ﬁ@fnéftl‘?ﬁié'pt

gener ated . Capability eglster I's redlster defines a

store cont %h.ﬁo'ég dpefdy slomiﬁgoinéﬁﬁu&‘:ibﬁ@ @&@alﬁdﬂ t})ﬂ?om&l
1. Capablllty Register C(D) '

o

Thls reglster contains Base/Iimit Addressss and'Access
| code -for the Processor Dump-Staok of the actlve process.
lﬂ-lO' It is changed by the CHANGE PROCESS 1nstructlon.
. o 2. Caoablllty Reg;sters c(n)” . ' ¢:"’

'This register defines a block of store the first
' .word of which contains the_Inferval Timer value. It
| messures the.absoluté time_slspsed and it is decremented
15 oncs.every'lOQusec by the Processor Unit. When it'feaohss
| zéro, a Normal Interruot.is-generatéd. |

3. . Capability Register C(Cl)

' This register defines a block of store oontaining the

first part of the System Capability Table.

20 4 Capabllltv Register C(C2)
This reglster deflnes a block of store contalnlng

the second part of the Systen Capablllty Table.

' 5. Capability Register C(N)

~ This register deflnes a blook of store the flrst word

’s

- 25. of which contalns a Capability P01nte" which permlts

entry to the Normal Interruot process.

6. Capablllty Register C(8) . -~ S .

Th;s register. dstnes ,four-word_block_of store whickh




o0 | gi ster. ((C2) THI'STFegi Ster defines a bl"ock 61
iqntarnlng the second part oi "the Systenrcapabrlrty Table.' 5.. Capabrlrty (j:
b

egi'ster -C(N) Thls regi ster defines-a-bl ock of store the first word 25 | of
ich contains a Capablllty Poi nt ér whith pernits. entry to the Norrmal =~
Interrupt process. 6. ° Capablllty Reglster C(S) This reglster defines a = -
.éﬂr word bl ock of store which - B8s-used by.the processor when deal i'ng-

th Fault Interrupts. The 12 nost S|gn|f|cant bits of the Base word are .
i nér ement ed during . the fault sequence, the-renainder of the- register ‘bei'ng -
presetby the processor- fol | owi ng pover-up. 7. Capablllty Regi ster (L) '
This regi siteerusisd |bmsthe bpookestoxt whenf de allimg ocidth Fankt S[ntkrmﬁptblse
current process. It is changed by the CHANGE PROCESS instruction. ‘8. o
Capabi | i t;ﬂ.‘hoegl%treost;:(sv;gmbflcant bifiss ofedinst Hade wondl aye t hecPengnirder

I nterface when accessing store. I'NDl CATOR REG STERS There are four - -

| ndi cat or dRGIRE chhke mmhﬁreegﬁancst,orch(epmema:gld@ ol Fhe. raglstaul t

I ndicator FIR Test TR 15. —and Historical FR register.. They indicate
various cHeding wreset noyhsher presessor ﬂeé@%r@amserﬁm-. n Internal

Mode only The_ contents of-the Pri % Indrcator Reglster are changed by a'.;'
CHANGR _PR@@ESSW n | .

This reglster deflnes a block of store for the Local

'T-Sﬁore Stack of the current process,’ It 1s,changed by the.r
CHANGE PROCESS imstruction. | | o
8. Capabllltv Reglster C(P)

10 o Thls reglster is used by the Programmer Interface

‘when acce331ng store.-'

INDICATOR REGISTERS -

-There are four Indlcator Reglsters Prlmary Indlcator

(PIR Flg. 2 and Flg. 4), Fault Tndlcator FIR Test TR

15 and Hlstorlcal HR reglster._ They 1nd1cate varlous :
condltlcns w1th the. Processor.' They are access1ble in -
Internal Mode - only._ The cont ents of the Prlmary Indlcator
Revlster are changed by a CHANGE PROCESS 1nstructlon, the |
~old value is saved in the Process Dump-Stack of the |

20 suspended process and then the new value 1s loaded from
that of the actlvated process.

-~

Primary Indlcator Register . (PIR)

S “ - The Prlmary Indlcator Reglster is elght bits. long._
; S Bits 0-2 are Arithmetic Indicators: EQUAL TO ZERO,
| 25 '(bﬁt 0), 1ESS THAN ZERO, (blt l) OVERFLOW (blu 2) They
~are set or cleared by the result of the maaorlty'of .
1nstructlons.. ' |

P o . Bits 4 and 5 are Control Indicators. h.;

i ' ‘ S S ' .
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old va_ue |s saved in

.he Process Dunp-Stack of the 20 suspended process

ahd then: the- nem/value i's l.oaded fromthat of the activated process.
<Pfimary - Indlcator Reglster (PIR) The Primary |ndicator Register. i s eight

di.cators.
on - theI

cr'—'-‘ |—':-cr

ip set by a
.SJbsequent f
mer, i nt err
(~IR) 10

ents descri

10

20

.'25_,

LSS |ong, Bits*0-2 are Arithnretic Indicators: EQUAL To. ZERG 25 - (bit 0) el
3SAAHAN ZERO, - (bit 1), OVERFLOW (Hi%--2). They are.set or ¢l eared by the
5Su|t of the majority of instructions. Bits 4 and 5 -are. Control- S

9 DATA PARITY | NDI CATOR (b|t 6) |s set equal..to the’ parlty

ast. data word_read t he p raII bus, by Store, Mode
i hstructions that AtﬁgR gyﬁ;Q$ #§5 I¥§ﬂ3%ﬁTEEP¢ | 58 &&€or .-

mﬁysh 3ofe sbRs 130eh %Ta?teef et £ ERoR: 68 DRRETIRE,! t_s"; |
B o et el et Eﬁé t%??"*ﬁ%%dtﬁ%‘t%%? may

Ese: sar bou pAFE $B-ATREA" poleA Io%% oxcobti hg PPBC iié?été?é'f
Il&?ié‘ﬁ% Eﬁ?%?%’?“fﬁtt%@%f%? ﬁ e gt dt" t?%%t%c%sso%?éiﬂ%’%'e%W |

subsequent faults.

Bit 8 is the INHIBIT INTERRUPTS Indicator. It

o inhibits timer 1nterrupts from taklng plaoe when set._

Fault Indicator Register (FIR)

The Fault Indlcator Reglster is 24 blts long. :
Any bit may be set by an Internal Mode Access,_any
bit may be cleared When set by the events descrlbed |

:below, a Fault Interrupt occurs, exceptlng Processor/Suore

-Interface Faults when INTERFACE FAULTS INHIBIT is set 1n

the Prlmary Indlcator Qeglster.
: Blts 0, 5, 9-11 and 14 1nd1cate Prccessor/Store

| faults.

1. BUS CORRUPT (blt O) is. set 1f any of the 1nput lines
from the parallel ous have not. reuurned to logic 'O
within 400usec after a store access. .Thls bit may only -
be set when INTERFACE FAULTS INHIBIT is set, i.e. it camnot
cause an 1nterrupt /.' | | | ' '

2. SLAVE TIMEOUT (brt 5) is set if a store module reports

 that address or aaua cannot be accepted by the moduTe

t
durlng a store access.-

3. smoer IVTERFACE TIMEOUT (b tfg) as'get'if a store
'_moaule has not resoonded w1th1n 50 msec. - -

4. PARITY COAPARIQON FAUL* (blt 10) is set 1f the parlty |
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faults: Iff' BUS CORRUPT (b|t O) s set if any ‘of the |nput‘I|nes fron1the
par al l.el bus have not returned to.logic 'O 20 within 40 [err]after a.
§tore access. ‘This bit may only be set when | NTERFACE. FAULTS INHIBIT is-
get, i.e. it cannot cause an interrupt. 2. = SLAVE TINECUT (bit" 5) is set
f.a store nmodul e Teports that address or 'data .cannot be-accepted by the
vedul e 25 during a store accessT 30 ~ STORE | NTERFACE TINECUT (bit 9)

Sat . if a store.nodul e has not .responded within.50 [err]. - PARITY . .

COVPARI SON FAULTE (b|t 10) |s set if the parlty -10 generated by the. t
st ore nodul e on g é é ddres ' addr ess/ data'’) - {
and - returﬁ&ﬁqg9 QF€ HORYLE AR ?0 Pﬁ%? rﬁﬂ%ﬁ%uﬁ the j-_ o
Drocessor RE@E%}ATA PARITY AULT blt |s s gﬁ% ta/ 5. t.j-l
address’ 5&rery §5%9m &F or 243 L @aﬁl fed by the :

(ort 10y (Fedd B G ERb oot B ts%%ﬁse-‘atteshé e el R
are used. o8 H e#’f% BT R (RE8 0 SHRS, B4 f d'-swy- P
| | g
TP%gﬁ uptgﬁgélng d rginﬁéﬁ?gfégggg?m%8C§%saﬁglF%FE%EB%%B% |s no Ygep)i

for a pefg%id@éﬁﬂ&)ﬂf”ﬁﬂe processor on the address and data from :

6.-' INVALID CONTROL CODE (blt 14) 1s set 1f a store module d'
'reports that 1t has recelved an -invalid control code durlng

10 a CPU/Store transfer.. Three bit, odd parity codes are used.

Bit 2 is the INTERRUPT TIMEOUT Indicator. - It is set.
if the Interruot Accept Reglster has not been accessed h
follow1ng the Interval Tlmer Word belng decremented to zero
(when INHIBIT INTERRUPTS is not set), for a perlod of 300 ms,
L f15f' or if thls condltlon has not occurred 30 ms after a Fau1t1,
. Interruvt (see Sect 4) o | |
- Bits 6—8 and 18- 1nd1cate Capablllty faults
1. CAPABILITY COMPARISON FAULT (vit 6) is. set 1f the
duﬁllcated Base Address, lelt Address or Access Code__
20 | within a. Capabllluy Reglster belng used by an attemnted
'access are found not to be 1dent1ca1. ' ' '_ \"':
-'.26_ CAPABILI SUMCHECK FAULT (bit 7) is set 1f *he
.Suucheck word, c1rcu1ated lef by 9 blts, does not agree
B w1th the sum of Base and lelt values when a Capabﬂllty
25 Reglster is being loaded. | o - -
o 3. CAPABILITY BA /LIMIT VIOLAmION (b1 8)'is seu if an
- address is found to be ocutside the range sneclfled by the

:' Base and :Timit Addresses of une Capabllltj-belng used.



_ or if -this condition has not occurred 30 ns after a Fault Interrupt,
(ske Sect. 4). Bits 6-8.and 18 indicate Capablllty faul ts: 1. CAPABI LI TY
MPARI SON FAULT (b|t 6) is set if the duplicated Base-Address, Limt
dr ess or. Access Code 20 wi thin aCapphility Regi st er belng used by .an -
atht enpted access are found not to.be identical. 2. CAPABILITY SUNCHECK
FAULT (bit -7) i's set if the Suncheck werd, circulated left by 9 bits, does
it_.agree wth the sum of Base and Linit val ues when a Capability 25 - .
Rdgi ster is baing AOGEHSS FYELICAPARIATION BOSEL L18) Tiyl &tTh.@\lahbu.U.l%)gals
s¢t if-adn address s found to be ontside the range specified by t-he Base
apd Linmt Addtesnsfeafl ishetCapaitidd tGe hei ngnusttiempted. STORECBERAFI ELD
VEOLATION.(bit- 18) is set if an illegal transfer is attenpted (e.g. an .
aft eript ed STOREePATAonpdoata dldak avtidse kCapabeltpadoest poiokaveotthieave
t e WRITE DATA bit set in the Access code).. 5. CAPABI LI TY PO NTER FAULT

pt . Bits 16 and 19 indicate Hardware Faults, HARDWARE
] set whenever an 1nva11d operatlon is attempted. These are

—

'detalled as exceptions in Sect. 3.

- 10 :'1f the power supply marglns are exceeded |
© 'Bit 15 is the TRAP FAULT Indicabor. It is set if a
Program Trap occurs'while'INHIBIT'INTERRUPTS is set.
 Bits 16 and 19 indicate Hardware Faults. HARDWARE
FAULT 1 and HARDVARE FAULT 2 sre set if certain internal
.% - 15 | hafdwaie cheeksdfail.' These mlnlmlse the probablllty of

'ﬂ herdware féUlts violating the Capablllty structures by _'

IR

'{ checking the operatlon of those 01rcu1ts concerned w1th _,T
3 Capability manlnulatlon and store access. -
~ Bit 17 is the VATCHDOG TIMER ZERO Indlcator. It is
20 set 1f uhe watchdog Timer Reglster reaches ZEeYo.
‘ Bits 20—25 are set to the octal address of the
Capsbility Reglsuer belng used when a Fault or Trap occurs.
Bits 3 and 4 can only be set/reset by data E
- 1nstruc»10ns using 'Internal Mode .

:25 Pest Peglster (TR)

Thls reg‘ster contalns control fa0111t1es for testlng

the fault detection mechanlsms.d

G

(bit 1) T.B. OYRETE DATAs biifte sefvALD CFIGPERETe Sh| <|>oaebator It is set _ |
whenever an invalid operation is attenpted. These are detailed:as .- -
ekcepti orf3 |n58ectCAgﬂBglﬂT¥33Qiﬂﬂﬁﬁlgaﬁ$@P@PLURE)IﬁdBeQbor | t |S'set'10 L
It the. pomer suppl marqgins are exceeded. Bit 15 is_the TRAP FAULT e

| hai cat or. S Bt AR A STVALLD QEERATHANT SaikpRERT | NTERASPTS i s

S

~ Bit 13 is the POWER FAILURE Indicator. '--It.is set



S o A N ar . e e e
B A R I R A i AP STB wisvs %0 e Haie B i

R and HARBMARE FAULT 2- are—set SRl 0 i-nternal 15T CREFOWEISS .
“hecks fail. These mnimse the probability of hardware faul'ts V|0Iat|ng '(j:

he Capablllty structures by, checking the operation of those.ci.fcuits
,oncerned with Capability nanlpulatlon and store access. Bit 17 is the.
WATCHDOG TI MER ZERO Indicator..” It is 20 - set if the watchdog Timer -
ReGY st er _reaches zero. Bits 20-23 gee_set -to.the octal address of the -
Capablllty Regi st'er being used when a Fault or Trap occurs. Bits 3 and: 4
can only be set/reset by data instructions. using 'Internal Mde' . 25" Test
Regi ster (TR) This register contains control facilities for testlng the.
faul t- det atidodrieghaRegiiBter (H&J Hi storical Registéer (HR) One register.
of a group of Sixteen 26 bit regi-sters is addressable at a time, by a 4 bit
:address count erOne Thegisbest bifutee grotipr AUE Igifeat -BHtbitr ceghstengeue. 5
fThe use of the-above registers together with the bit. nultiplexer. BM the
ari t hmet,i dsimddpésbabhe afistr tdmegnbyeq Jk it RIEAress cennbtygraddifbsy
?reglster MAR, fhe data in-register MDIN and the data out register NDCR and -
the A and ®mhhtatet s Ehesk-JopfirsteOntrcd zoul B0 aeteshown 10 i Fi g.
2 and will be nore readily seen later with reference to the operation of
the pﬁbcessor |ﬂh%ou§alﬁﬁdthﬁt@bﬁﬁb meds. sters together with the bit.

multlplexer BM, the arithmetic unlt ATU, the 1nstruct10n '

reglster IREG the.memory address reglster MAR, the-datal
'-1n reglster MDIN and the data out register MDOR and the
A and B Capablllty check comparators ACC and -BCC all- shown
10  in Flg. 2 and will be more readily seen later with .
reference to the operatlon cf the processor in so—calied

* internal mode.

Internal Mode;Operatios General'
| The registers; internal to the processor unit, are
15 - allocated a module address which is programmed inio the
‘processor units bus 1nterface BIF (Fig. 3). When this '
:module address is Speleled in an address constructlon
the proce sor module. 1nternally, 1n ‘the bus 1nterface unlt,
' recogn;ses the address and uses the remalnder of the
l20 . address word to access one of the 1nternal reglsters. In
this way 1nterna1 reglsters are accessed in an 1dent1cal
-manner to the’ access1ng of locatlons in main store, both of |
whlch use the general purpose 1nstruct10n set.
The accessing ‘of a locatlon in main store uses fhe
'_25d"address conséructicnlderived from the'insfruction which
is divided into.a Module Address, specifying the Main
.eStore Module, and a . Location Offset, spec1 ylng the word

'w1th1n the Aaln Store Module._ When tae_Internal Reglste



InternaI,Nbde Operation General The- regrsters internal to the processor' IR
unit,-are 15 allocated a nodule address. whi'ch is .programmed:-ihto the ‘(j:

: b d

pr pocessor units bus interface BIF (Fig. 3). v%en thls nmodut e addr ess |s_

ified in an address construction the processor nodul e |nternally,

Gs interface unit, recogni ses t-hdZ%ddress and uses the I’EITB.I ‘nder of

e 20 . address word to access one.of the internal registers. "In-this may

ternal registers are accessed in an i dentical. manner to the accessi.ng, of.-

catlons in main store., both of which use the general - purpose |nstruct|on_f :

s¢t. The accé‘&@dugeoLSaspesatﬂl@ud iheratanasinier @Esthe cadgresgdapasyruction

censtruction derived fromthe instruction which is divided into a Mdule

Afldress, specsP§ehfleRethei Registenififset ddizesscatndniors seme of the -

S eC|fy|ng he. word within the Main Store Mdule. - \Wen thelnterna

Rbgi sters. qulsﬁlﬁdﬁhet@ ?ﬁ@cﬁqsé&%% Addmessier DretBitaHgsdsion

C nstructlon %ﬁlfles t he_Reqi ster et Address, and fo% sone of the . -~
gi sters, ?SﬁosﬁtPBA gﬁ*@% %ﬁtr¢$%§#?%ﬁ PORFELIEIPE only used

e Moduiz. A%avéﬁésaﬁ%ﬂtﬁa Sri%be#lecsee”d' e ot 0. b3S el e
b be’ ified, wh h P Add :
b esoonds, (hdaraBE R, AU RE e gl A4 *f?%é%é’%%féiﬁ?@ BRLY PBebe.
jgcified;11QregisﬁerT@8 % s%@%fff@d/wuﬂéﬁéegE%&Eﬁsbftn@i%hfﬁ'%Be's

'Blt P031tlon Address corresponds to a blt w1th.n the

reglster, allowing multlple_blts to be spec1f1ed. |
- ; L_*lO . The Bit Position'Address selects a mask.which is
- _used when performlng the operatlon on the reglster. If
| the Bit Position Address is zero then all the bits in the
register can be accessed, whereas, if any bit is set-ln
.the'Bit PeSition~Address only the'correspending bit in the
15 regisfer can be_accessed.: wﬁen a.single'bit'is spesified.
| in the Bit Position-Address fer'a'wfite operation then é'

._deflnea mask 1s used to perform a loglcal AND operatlon

on the data nattern speclfled by the 1ns»ructlon. The
resth ‘of the 1og1cal AND and the contents of the specified
20 register are used “in. loglcal INCLUSIVE OR operation and |
' the result overwrltes the original. conuents of the reg1ster.
For a read 0peretlon the deflned mask is used to perPorm a
logical AND operation on the contents of the spe01f1ed
register. When mﬁltiple bits afe set in the Bit fosition
25 Address then the masks'defined by the individual bits-are
._comblned togeuher by a 1oglcal OR’ operatlon to produne a
: comnos ite. mas&. . -[. ' ' 1' - - '.T

By us1ng the Bit P051tlon Addresu to deflne a mask




used -when: perforntng the operatlon on.. t e.reglster, If the BIL;-QSLLIDH
Address i's.zero“then-all the bits in the register can be atcessed, mhereas _

if any bit is set in‘the Bit Position Address- only the correspohdlng bit in. ;2
t‘he 15 regi ster can be accessed. Wien a single bit is speC|f|ed in the.

Bit P05|t|on‘Address for a wite operatlon ‘then a defined mask is used to
perfornta | ogi cal- ‘AND oper ation on the data pattern specified by the '

ISt ruction. The result of the.lpgical AND and the contents of the -
speéci fied 20 regi ster_are used in |ogical 1NCLUSI VE OR operation and the -
riesul t- overwites.the orlglnal contents of the register.. For a read .
operation the deflned mask is used to performa |ogical- AND operatlon on -

tihe-cont gt maghkd herspasdfaetlagedbst Being\bblemld ighcubidssegated in the
Blt /Posi-tion 25 Addr ess -then the masks defined by the individual bits are

conblnedbﬁage@hemdnmfgdduscaddfﬁggegraklgalhedproduce a conposite mask. - By
using the Bit Position Address to define a mask, =~ or masks, the advantage
of being abI e Normpldiyp, aSsotive bdCapabidt tdest dgddmse éitkeam Lsmihi ned.
hbrnally, "active' Capabilities define Base and Limt Addresses of. bl ocks
of storeAddiiesses Mt bkodkebef bStores Ift ithet YodeilghNunber dbitde Base
Address) in a Capability Register are all ones and this Register-is .
.spechf i efthe dopaddiglsts kbbst oficthenBaske Aldxess)i g fa Gapatidlbbys of the
second operand address are-interpreted as specifying a Register wthin the
processoﬁegusteg(angygl&mnm@scand this Register is spe01f1ed in an

. address construction, the 1east s1gn1f1cant 12 bits of the
"second. operand address are 1nterpreted as spe01fylng a
"Registef within'the PrbcesSor. No storage medﬁle can,

10  therefore, use this Module Nhﬂber. - .
As shown 1n Flg. 5, one blt set in blts 5—11 of the
~address a reglster or a group of reglsters bits. 1—4 ) o o
spe01fy one of the sixteen Data or Capability Reglsters
when 5 or E'is set. If bit 6'is set for the Capability |
:ll 15 Reglsters bit O selects the Base when reset and the Access/ . .§
lelt when set. If bit 5 is set then resetting bit O |
selects the Data Reglsters and setting blt 0 selects the
Pointer Reglsters.' When blt 9 and blt O are set the
Test Register is selected. B
20 | When the primary Indleator Reg;ster 1s selected access
can be_further restricted to specific control blts by use
- of hits'0—4 within the address. ‘The.. allocatlon of the

: blcs in uhe reg;ster to the address bits is glven in

. tavle 5. If all the bluS are zero the complete reglster

’
+

e« o

25 can'be_accessed.

A Gapabiliﬁy deseriptor can either define a1l the

registers in internal wode, a group of these registers,

a single register, or a,single'bit, as in the ‘case of the



bifs :5-11+of the address a. register or a group of registers; bits 1-4

sp éTfy one of the. sixteen Data or Capablllty Regi sters when 5 or. 6 is set

Ifi{bit 6 is set for the Capability 15  Registers bit 0 selects’ t he Base

when reset anfd the Access/ Limt when set. I'f bit 5 is set-then resetting

‘biit- O sel ect.s the Data Registers and se tlng bit .0 sel ects the Pointer

Regi isters. Wen bit 9 and bit 0 are set the Test Register is selected. 20
eh the prinary Indicator Regi'ster is sel ected access can be further

rfsfrlcted top §E@%&?'Qdd¥gd¥3rtﬂé$i epse of bits 0-4 within the address.
egl

~Tpe allocation o e bits in the ster to the address bits.is given in

thbl'e 3. 1f all th;ebifsd 1357 Fe Fe 4 £R1 £HIBAS! a?@zgl %e&n%%ruc%a..rbxfse

_.fcessed A Capabi lity descriptor can either define all. the registers |n

Jipternal nodewhachl egecdifyt has eriesisd Ergodd Saﬁﬁbﬁlﬁ.wl ster, or a single
pJ.t, as .in the case of the - 15 - Primary I ndicator Reglster The :

bl | owi ng reslLictOpny IOALY DATA NSICABtDANS MASKEDSpSEORE dATANt STOHE Mode
lspablllty - 1. Cnly LOAD DATA, LQOAD DATA MASKED, STORE DATA, STORE 5
JATA NASKED MINEAVWRSKANY, MOVE BIOHD i susd rMOVEOBRYETEr mnsibtuwdonsArare)t her
- rII cause a fault {1 nterrupt (Invalid-Operation).

- allowed. Any other will cause a fault Interrupt (Invalld

10 “fherefore, déé'fﬁTé"Nﬁane”NMﬁﬁek As’ shomn in Fig. 5, one b|t set'?n'(jzé

f.Operatlon) - o -t | |
2. Capablllty Reglsters (except the Base of C(S)) can
_ _oﬁly be read. They are always loaded’ by Capabllluy
iO: 'Manlpulatlon 1nstructlons. A STORE DATA or STORE'DATA'
.MASKED 1nstructlons causes no change, no FAULT is
i generated. | _'
."3... Spe01a1 purpose Canablllty Reglster C(S) has 12
alterable bits only (the most s1gn1flcant blts of the .
15i _Base) All bits may be read. |
” 4{ If more-than one'of the bits 5-11 are set,eno;
meanlngful 1nformat10n 1s accessed. —
N | o | To show how the equipment operates in 1nternal mode

the operations performed in performlng a ‘load data

e et § AN e e

20 - instruction will bBe described. |
-_Fig. 6 shows the flow diagram and the ba81c
';' o "instruction word IW for a "Iqad“ 1nstruct10n. The

instruction wor& comprises six fields. defininé (i)'the

ADDRESS, (ii) the Capablllty Reglster u(N) deflnlng the
I 25 "block in which the offset address is to be used to provide
the data source for the 1nstructlon (iii) the data reglster

to be used as an address modifiexr (F), (1V) the data reglster_

Cir 8 TS e Y O

o " D(N) to be used to receive the ‘data to be loaded, (v) the

e o i o 8 O et



27 Lapablllty Reglsters (except.the Baseof {Xs)) ¢an onIy be read;~ '
1re @Jmays | oaded by Capability 10 Nhnlpulatlon instructions. . A STCRE
JATA of - STORE DATA MASKED i nstructi ons causes no change; no FAUI-
;enerated 3. Speci-al . purpose Capabi l ity Register C(S) has 12° aIterabIe
bits only - (the nost S|gn|f|cant bItS of the 15 ~Base). Al bits’ nay be

¢ad 4. If nore than one of the s 5-11 are-set, no ‘nmeani ngful-
Af ormation is accessed. To show h the equi prrent - operates in.internal |
hode the operations, perfornmed in perforning a load data 20: instruction

M | | be -descri bed.. Frg 6 shoms t he. fIOM/dlagran1and the basic instruction: °

}I\?reiddls\/\(/jfe% ni n'g'gi@q) ﬂ@sg g‘efe,n-g.)@f'% he Capa | I Ity Regl stmérI %?%) o X

defini ng thg Sthebgggfelﬂowglqﬂdéu(gyfset address is to be used to
provi de- the data sour.ce for .the instruction, (iii) the data register to be

used as an addrpgs FBULbWEhe Ma,sc&*l\p)tltdie VLR BEUkSEBLoRAM sba bﬁde&ed to
receive the data to be | oadéd, (v) t - 16-" function code (FQO), .

defining t#iee | @gpsneLr vk Qf.lovﬁid(ia@zba)m tde Bigl o6 @@ fbageth step
fol | owi ng description will be sectionalised under the steps of the Iow
di agr @n ofthe gwap dndwhdchesbl @&@nessortﬁnnw%nperaw@sch11Mebprocessor
unit operates wll be .
. ~ - defined.

'Sﬁep-Sl—Read In from Program Block _ _ _
'_In the step the processor unit'uses the C(7) capability -

_ register and the.instructien address register to form the
10 address of the next instructiea_in the program beiag |
| performed. The so-formed addfess is fed into "the addfess.
) register MAR (Fig. 2) and the capablllty code comvarators
ACC and BCC check to see if the access is to be permltted.
If it is the address is passed over highway BIO into the
15 Bus Interface BIF (Fig. 5). The address is passed to the
Bus sequence and control circuit BS & C and thence to the
processor units output bus CBO using the Bus. drlve; and
terminator circuits BD &. T. Eventually the store module
| holdiné the current program"bloek will respond with the
20 - next instruction word (i.e. the'load_instruction) and this
-_dword is fed'to the bus interfaee BIF*ovef the input bus
.CBI. ‘The word togethervajﬂlstatus 1nlormat10u is Dassed
over leads DBIN and SI respectlvely to the input data
multlplexer IDM and the bus fault 1nd1cators BFI
25 re nectlvexy’by the Bus receivers and termlnauors BR & T.
Under clock CLF contrc]-the.lncomlng lnSUructlon word is .
passed over leads BIL 1nto the 1nstruct1on buffer IBL in |

Fig. ;. The ;unctlon code ®C (see Pig. 6) is ‘used to access

L4



dehrned Step S1- Read In frontPrograntBIock Ln the step the processor unrt
uses the C(7) capability register and the instruction, address register to
forntthe 10 - address -of the next instruction in:the program bei ng :
perkormed. The so-fornmed addréss .is fed. into the address regi ster MAR |
(Fi-g: '35 and t'he capability code conpaéators ACC and BOC check to see if
the access is to be permtted." the address is passed over highway -
BIQL)nto the 15 - Bus Interface BIF (Fig. 3). ‘The address is passed to the
Bus-sequence and’ control circuit BS &.C and thence to the processor. unrts

fput b dy, t Tun :
Eu I[ritjual :Jfl Eﬁ(@%%?‘gréggogyaﬁo gﬁ% (t%he currert %oﬁ%%# %ME respond
wifth the 20 Oﬂ@%é %nﬁﬁéusaageswoheete A ferd Lechh nﬂmmss% eeé thrbs

rd is .fed t us Interface BIF over the input bus

tdget herwi t h s{at 18t FHEETBHI 9B ghi s HR3S THER@Y eral £adstEBk l\teaﬂd@ o_i‘ the
spectively to the input data mul tiplexer DM and the bus faul t indicators

Bl 25 respaedtmebyibi wbedBayer eeRidy i curiiEidh NEheNEiBRogrdgrindenit,
clfock CLK.control the incoming instruction word is passed over Ieads BI

to the g nstaicédrbrdlf the bﬁbnaﬁ::ﬁr@ of thHeheidsmeadbhosode FC (see Fig.

6} is used to access - - 17 --the mcroprogramunit (not shown) of ‘the
processrng|ﬂﬂtepm@2eE@RMhBeqddmedsAdﬂmﬂss|nfornatron ADDRESS i's set into -
tHe instruction register IREG Al'so other fields of the

In this step the mlcroprogram unit causes the address

.offset in the IREG to be passed through the 1nput multlplexer d
IMUX and the bit. manlpulator BM into the 'A' port of the |

iO arlthmetlc unit ALU whlle caus1ng the base address of the

. hcapablllty register, deflned by C(N) in the 1nstructlon
word to be passed from the base file BCB over the | _ |

_ capablllty multiplexer CAPMUX into the 'B' port of the

g | | ATU. ‘The ALU will then be conditioned to add and place

2 15 thefresult'in the address register MAR. As mentioned -

- previously the internal mode is defined by the'module.
address of the capabdlity reéister'uSed having an all 1's
value. Acgordingly after the capability bounds c¢heck
performed by the comparator BGG_has been performed the

20 - reqdired address will be'passed'to the bus sequence aﬁd

| conﬁrol circuit'BS'& C where the internal mode address'

will be detected.aad the addiess.informafioﬁ.will be_looped |
back, by the input data multiplexer IDM, under the influence .
of_the internal mode Signal ™. The bus sequeace and o

25 control circuic includes g detectordarranged to generate_
the IM signal when the module address is all 1's. Tné._

i * internal mode signal IM'is'also'passed to the microprogram

unit (not shown) to condition_thaf unit to perform the
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lnstfucrnon won uare used—to COﬂdIthn the: nmcroprogranlunlt ST o o AN
cont 4ol the operatlons of -the" |nstructlon 'Step 'S2 .FORM Requi red Address I'-n
fhis.Step the n1croprogran}un|t ‘causes the-address offset. in the | REG to bg
passed through t he “i.rput. nul tiplexer |MJX. and the bi't nanlpulator BMinto
the. ' port. of ‘the 10 . .arithmetic unit ALU while causihg the base address—
oi‘The capablllty regi ster, -defined,by C(N).in the.instruction word, to be - .
pa sed fron1the base file BCB over he capabi lity" nultlplexer CAPMUX into .
the "B port of the ALU. The-‘ALU will then be conditioned to add and .pl ace -
15 - the result inthe address register MAR -~ As nentioned previously the-

i'nternal fﬁg@% res$p0 £ dt egister . . -
used haV|ng an aF%?%‘s vgﬁy Accor |%§ g af?gr%t % 5%9%?% ty: EE(r)unds S
check perg?ﬁggg Py E@pu&gﬂpagéﬂfﬁdfgg%gaﬁeggﬁgsperfOrnEd the 20 " required
‘addr ess be passed to the bus sequence and: control circuit BS & C where
‘tthe i nternal node addreggmidl mEodetected and 't he addr.ess |nfornat|on\MII
be | ooped back, by the input data. nultlplexer } DM under the influence of

'the i nt ernal node S|gnmm1Nw : = THIET bus sequence and 25 - control circuit,

i ncludes a detector arranged to generate the YNIs1gnaI ‘when .the nodule -
.addregs is all 1's. Thalithtes MbINDde signal IMis al'so passed to the o
-nlcroprogran1un|t (not 'shown) to condition that unit to perforn1the ©-18-
follomnng data . transfddlﬁ&hueﬂoﬁEU In th|s sequence the. S -

In this way the address offset part of the address
'generated in step 52 is passed o the mlcroprogram unlt
- using the arlthmetlc unlt condltlon s1gnals AIUCS. ThlS
.iO _informaticn is used to deflne the requlred'"reglster"_and d
h dthe allocatlon of thls 1nformat10n 1s shown 1n Flg. 5. -

A

Step SB - Read at normed Address

.

The mlcroprogram unlt now condltlons the requlred
'dreglster,or bit orlselectlon of_blts_ln ‘the data file or ;
15 capébility register file to be'ﬁaséod'to the'arithmetic-f
_unit ALU and thence to the data reglster D(N) deflnea by

~ the 1nstructlon us1ng the follow1ng sequence."

. MDOR := AU
| | ' BIO := MDOR
20 . ° . BII := BIO

Step S4 - I/P Read Data into D(N)
In thrs step the data on the 1npu* ‘bus BII is fed
;_into the 1nput reglster MDIN and thence ‘through the ALU
_ d' into the D(N) def1ned data reglster in both the A and B
25._ data files ADF ‘and BDF._ ' : "d i o
| +  From the above it can be seen thgt the descrlb"d
-embodlment prov1des a.mechanism for addresswng anj of a .

numbcr OL 1nternal CPU reglsters or o its or'bytes thereof

~



Csypbol T=is used to |nd|cate becomes:. 5 .In this way the. address of fset ;
paft of the address generated in .step S2 is passed to t he; mcroprogram un
g/

uspng the arithivetic unit condition signals. ALUCS.. This 10 .-infornmatio
isTused ‘to define the required "regl_st "_and the-allocation of this .
information:is shown in Fig. 5. .Step.S "Read at Fornmed Address The _
m. Croprogram uni t - now condi ti.ons. t he reqw red register or .bit or seléction
of -bits in'the data file or.15 capability register file to be passed-to- -
e ar it hiet i g ugit nfl Whad itheft e déntieallahanneni SoeadOrhpsday ms®1sy -t he
ipstruction using the follow ng sequence. 20 Step S4 - |/P Read Data-into
D{N) - I'n this sbeptibasdat @ndns thes itiputparsidiTarsafvdntage thato itthéls nput
regi ster MDI'N and thence through-the ALU into the D(N) defined data - o
kgister in babh heeedsanyg B havelatpediabspaDpoand BB S tRAD MRS HRE ¢, it
an be seen that' the described enbodi nent provi des a nechani sm for -
dressi'ng anynsfractiomser dKlsatEamastory PBQt@Q@F@noﬁmﬁe?soremﬂﬂdeked

hereof .. -19- treating themin an identical manner ;to addressj store -
cations5 Tiiins thas ddpahadﬂﬁx@%laﬁ%anﬁﬁgécﬁﬁﬁ? s &8 §’%@t“%ﬁ€cgg%a§l§7‘ to

ve speci al purpose register accessing jnstructi i—y é‘l SO, th store _ '

ot ect.i on- sysinsble;rnaibommtel‘s since the capab:l. i escrlp .

1ncorpora1:1ng the 1nternal mode module address can deflne

a-ll or. a sub_-—set .of the 1nterna1 reg_:\.s’cers. .




Sﬂ T the capablllty TegtsteT structure “i'sTextended to the |nternaI
yegisters since-the capability descriptor i ncorporating the internal. nDde.

ddl e “addr ess’ can'define all or..a sub-set o%-%heeen%ennaL_LegLsters

Eg-- 1. A data processing systentof the type i or nnre
Frqpe55|ng uni-ts, a plurality of st or age nndul*Em E ﬂ uWUy
> :

@ri pheral ‘equi pment s, and each -st2Q age nodul e
q;;pnent is provided -with an access unit and. each proceSS|ng unit - .
ided with its own unique dat a~ communi cation path which is connected to
am i'ndividual . port _on h access unit and each access. unit is condi ti oned
mnth t he systentldﬁﬁﬂﬁﬂﬁgof t he equtpnent it serves and each access: uni t
ilncl'ides an"identity address recognition arrangenment, and processing unit .
access to e perfpha %a DEGGISSHIME FYSIR 08 FREUEFPRoARGLMLING P19 or ned
bythe processing unit extending to its own copmuni cation path, an address.
CONpri Si nPRINPRYPTPRE SFLAG it 18 rElu%%%Hsofl stersgs m%%jl]t% system
identity agéhe requi red storage nmdul e or peripheral ui pnent and t he .
second def§fnd BlPBé&FtanmtﬂﬁQ¥Hhﬂ?%%q%@¥%Em§PG§agén%D&@ & FURAEHher al

eqU|pnent i ch each ce55|n upit includes a bus interface unit -
whi eh:i.s c‘%‘?&%{-?oﬁ-@ RELR éﬁdﬁ-‘ c%i.%@n%? Tt ke W@t"é—@ﬁddéﬁtﬁ VI a
proceSS|ng un|t and he terface unit. in¢cludes an i.dentit.y address
recogniti ¢ ?ngc <QFQ%F§$%P%rE§% t %Ei BROFR- e gists

InCludlngown.unJ.q_u.e ‘data communlcatlon path whlch 1s connected to
; an~1nd1v1dual port on each access unlt and .each. access_

;funlt is. condltloned w1th the system 1dent1ty of the
”equlpment 1t serves and each access unlt 1ncludes an
1dent1ty address recognltlon arrangement wand process1ng |
unlt access to a peripheral eqnlpment or storage module o

' locatlon 1s performed by the process1ng unlt extendlng to
its own communication path, an address comprising at 1east

two flelds, the first address field defining the system

identity of the reqnlred storage ‘module or perlpheral
.eqnlpment and the second deflnlng a locatlon-wlthln,the
reQuired storage module or peripheral equipment and in
whlch each process1ng unlt 1ncludes a bus 1nterface unlt
___whlch is condltloned with a code indicative of the system
_.ldentlty of a proce331ng nnlt and the bus interface unit
'1ncludes an identity address recognltlon arrangement o
activated by the presentatlon of an address 1ncludrng a
11_f1rs» field deflnldg the system 1dent1ty-of a process1ng
'r~_un1t and a*second field of the presented address is used
t'to select one of the 1nternal reglsters of the processing -
unit. -

2. A data processing system according to claim 1 in
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.21 - - which the |nterface unl ci ne ess means fo
systen1address i dentity conprising a nodul e nunber of al

at-a’processi.ng system according to claiml or 2 inm which the

Wi L P e el rr-‘;@%ﬁ%ﬁgmne
Sln§ syetn% E%ﬁ%%ér]ﬂ ﬁ%@t P?rl?%i{éﬁ'ﬂﬁ W%drf\ﬁﬂ ?f’%ﬁ: -

gg ﬂg%;ne a mask or masks .to select the bits of the-
ster t e subj ected to the required operatlon 5. A data

grem %“*&i%?fééésé?ngeéﬁé‘bgﬁd Wb d B L6581 Pmt Peor 2

aw ngs text o he speC| cation ~ has been reproduced

39, WHA I RHE Bk Ge 066 h a{lnasepemu&es mediis PYrCRELBERiAL EW

t to read. - The original typecript contal ning

Bl SuBL RS 'd‘.@pl?&é efegiisthe Ebﬁ%e‘iﬂ:% @eﬁi@ef%f“ﬁhg Eeednd
field and each address 1ncludes a third fleld to deflne
a;blt position address to define the required sub-set.
4, A-data'processing system according to claim Bein '
which the bit portion address is-used-te define a mesk
or masks to select the blts of the selected reglster to

be subgected to the required operatlon._

'5._ A_data process1ng systen substantlally as described

with reference to the accbﬁpanying_drawings.

The text of the spedﬁcaticn has been re N |
produced by photocopyi the applicant :
tt;g::o:iip: It may contain a few amendments which are diffzcul:gto readpp ca:l'lh: :ﬁ%
crip conta'lning these amendments may be inspected on the premises of the Patent Office
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