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METHOD AND AFPARATUS FOR SOFTWARE FERYURES
Lrﬁmmzam:nn BREMWEEN OOOPTWARE EYETEME

BACEGROOND OF THE IRVERTION
1. Flald of the Ipvention

Tha 1nvantlon ralates o ascftware systems
particularly with respact to coardination of software
Emature ipnstallaticon in saparate software systems,

2, Deocription of the Prior Art '

Computay ayatems normally include plural maparate
softvara =systamn axampllfisd by tha Systam Scitwara
{locloding tha Oparating Syatem (0%5), Syetem Libraries
and Utility programs), Application softwars [inoluding
UEM as wall ag ueper), and for oome Modium to Large Ecale
systamx, Spacial Puypope DProcegsor [BPP] microcoda,

An example of an 5PF wounld ha tha Task Control Undit {TCOD]
and I/0 Unit (IOU) which are part of the I/f0 Module (I0M]
on golme of the A-feriem and ClaarPath systams panufactured
by Uniays Corporation of Blue Bell, Panneylvania {(#.g.
A1H, RX4800).

The IOU is a logical component of the IDM
rasponsible for wmanaging I/0 regqueata aant by 05 software.
The TC0 1z the loglical componmnt of the IOM responoible
for mabnaging task owltching and saventz. In such computer
syatame there 13 generelly a problem with respecst to
the ralsmss andfor inatallation of zauch softwars sy=temn
{a,g,, OF poftware apd 5PP microcodal.

The IOD is a loglical component of the TOM
responaibla for managing T/0 requeats epnt by OB softwara.
The TCT is the logical compeonant of the ITOM responsibles
for managing task awlitching event=. In aueh computer

aystams there 13 gonerally & problam with respect to
the ralaage andfor installatlon of such softwvare syateme
(2.g., 383 softwara and 5PP microcodal.
Wormally, the relamsza and/or instelletion of
36 saftware and SPP microcoda coan oeocur independently.



10

15

20

25

20

a5

WO S RN PCTUSMA 2

-7 -

If, hawever, cna or mare newly added syatem facturan
raguira DS aoftwar= and SPP microcode functiomality,
problema ariss in the goordination of ralsasa and
ingtallation of the separate softwares systames. Tha
coordlnation mffort ia forther cowmplicated whan the
raleaza and installetion procedurea differ,

¥ith raspect to releasa probhleme, it 1A more

often than nat, that 0f software developmant and EPF
microcode developmant are performed by differsnt
anginsaring groups. Thesa groups develop releass
feoceduras, relaexse ldentlfication mathods, relsasa oedia,
praject schadulas angd the lika, that bast satisfy their
raquirssents. Because of the inhersnt Aiffarances betwesn
tha devalopment of high-lavel 08 goftware compared to

3PP specific microcoda, tha ralease mechanisma ara galdom
the sane.

¥henever a new ayatsn fanture ia introdoced

requiring new releases frow both the 02 zoftware and
the 3PP miercende, the following constraintas must ba
consifered.

1. The relsaxe dates for both the 05 software
and SFF miecrocoda ntist be the sama. Sincae
sottwara apnd microcecde ara independently
developad, no advantacge ix achiaved by the
aarly complation of either tha 05 apftwara
or tha SPP microonda,

2. Tha ralaase of additisnal new festures that
ara unique to elther tha 05 softwara ar 3FP
nieroeode must be delayed until both raleases
arse raady,

3. The relaasa gf problem fives that are unigue
te glther thes 0% softwara or SPF microcodda
ara delayed until both releases are ready,

4. Reagrassion teakting iz delayed until both
releagesd are ready.

7. Individuzal ralease documentation is
coenplicated by the addition of rTeleaza
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interdspandancy descriptions,

With respect toc installation probleams, ik ix
not unusual for 08 goftwere mnd SPP microcode installation
procedores to diffar, Systems often allow 08 softwars
and SPP microcoda to b lodependently installed. Systen
lnterruptions are minimizad if only cne or the other
requires a new support relaase ko be inxtallsd, Whanavar
A nav dyebtem fsatura lg lntroduced aod that feataora
requiras new relaasss from both the 08 spoftwere and PP
nmicrocoda, the Ecllewing imatallation constralots muat
ha considerad.

1- If ralaase interdepandancias ars not properly
documentad or are miainterprated by thoeses
responzxible for the inatalletion, the vrong
rolezge lavels way ba installed or
interdependant ralsazes pay ba omitted, This
may rasilt in longar xystam intsrruptions
and potsntially reguire that a previously
installed relaass ba backed out untill the
intardapendent relzans is ohteined.

2., Ewven though an ingtallation completas
meccegpfully, if an interdapandent releage
wan omitted, it mey pot be irmediately
detectnd. The system will rasume normal
cperaticns until! the neow sysiem faature is
invakad,

3. FRalease and installaticon of 05 softwars and
SPP microcode moust be coordinatsed whanevar
ona or more mutually pupported system featurss
ara =zddad,

Although the above problang wera desoribed in
tarme of OF moftwars apd 3IBE microcodsa, 1t iz appreciated
that theze problems arise in any svstem that inciludes
3 plurality of separate softwars antitiea regulred to
Support a particular new fsature. 2imilarly, the
balow-deseribed invention, that eclves the problems,
although explained in its best mode ambadimants with
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gpacific pgoftwara entitios, it 13 apprecipted that thae
invantion im applicabls to any plurallity of softwars
antities raguiresd to support z eyetanm faatura.
Specifically, the inventiom will be deascribed io terms
of 08 poftwers and EPP microcode much am B TCO for an
IOM,. ITn tha Oniaye Corporation A-Geriax computer eyotama
tha 0F ix rafarrad to as a Master Control Program {(MCP).
The -invention mey also be applied to tha MOP and an IOU
for the IOM. .
AMaAitionally, the invention may be applisd bettean
08 softwars anAd a Syatam Library, betwvaan Ewo naer
applicationa or betwean any indepsndent scftwars antitian
oapable of exchanglng data in the memner te ba described
hy its best mode embodimente.

EIFMARY OF THE INVEWTION
The invention inclondes an interface and protocol
between flrept acd second goftware entitias of a pystem
{@.q9., 0f aoftwara and 5FF microcode] for tha axchanga
of indicetions of systam faatures requiriog mutusl
sppport. During the exchange process, wach sofkware
anvrironment {(a.g., 08 or 5PP) will axamine the othar
environuents supported feztures to Aetermina which
features ars mutually supported and therefera usable.
The interface ie preferably utilized during system
initialization and prior to #ea of such features. If
a featurs iz not mutually snpported, approprlata actlon
is taken. If the noo-supported feature ia aptlonal,
it w%will oot be enabled, If the featnra is required,
tha system will rTaport the arror andfor halt.
The following naw anhancements ace providad by
the mechanizm of the prasent invention.
1. Optignal and required eyatem feAtures may
ba davalopad and ralaaxed independantly by
goftwvare development groupe such as tha O3
and S5PP develppment arganizatlions.
Z. Support roaleases, for example, 0F or 5PF,
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{v*hich may contain Img fixes) say now include
naw sptional and required featura aupport
witheout tha nesd to aynchronliza such ralsssee.

3. Incompatibility resulting from faeturs cootent
hetween 02 and SPP ralazsasn i immedietely
Antacted and reaported by thae 08 during
initialization,

ERIEF DESCRIPTION OF THE DEANINGE

Figqure 1 is A schematlo block diagram of =
computar sayetaw In which the present invention ix
swbodied. ¥igurs 1 im illpstrated in terma of OF and
TCO softwars entities.

Figorasp 2{a) and Z2{b) are the MCP pruocadurea
declaraticn for tha TCU _EXCHARGE_FEATURES functlen of
Figure 1 and the paranatesr Zefinitions therect,
racpactively.

Figure 2{¢) illustrates the mannar in which the
parametears of Figqura 2(b) arm seat up for the function
£all wia the hardwsre 14 and 75 shown in Figura 1,

Flgurea 3{a) and 3(h) coopries a flow chart
degcribing how the intarfass of thea pressant inventlon
18 nmed in the environmeant of Pignres 1.

Figeya 4 iz a peeudo opde descriptlion of tha
Ematuras awchange mechanism of the present invention.
The pssudo coda dascription of Flgura 4 functionally
corregponds to the flow chart of Figura=s 3(a) and 3(h]
but ueing the more genersl 95 and SFPF nomenclatura.

DESCRITTION OF THR PREFERRFD EMIXICIKENT

Eaferring to Ploure 1, a comnputer aystem 10 ig
schamatically illuestrated embodyling the present inwventlan,
Speclfically, the compiiter aystem 10 nay ntiliza a 48
bit word and may be smbadied by an A-Sarias compuater
systen availahle from Unilsys Corporétion of Blue Bell,
Eennaylvania. Tha cemputer system 10 includes an
Oparating Syatem [05) 11, atherwiss dencted ax a2 Mester
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Contrcl Program (MCP) ranning on one or woera Inatruction
Procesgors {IPz) 17. The designations O5 and MCF will
e ppad herein interchangeably. Tha computar system
10 farthar inclodea an Input/Oontput Module {(I0OMY 12 faor
communicating with peripheral davicas in a well-knows
mannar. Thea I0M 12 iacludax a Task Control Tnit (TCW)
18 which i3 razponsible for managiny task switching and
events. The TCD 18 is a Speoclal Purposa Prooemazcr (SPP)
controlled by TCO microoode 13. Throughout the
degerintion herein, the designations TCU and SPPF will
ba usad irnterchangaahly and will denote hardware o
microcode or both in accordance with the contesk,

The IPF 17 and IGH 12 provids hardware support
14 for functicn calls ovar a bi-dirsctiomel interface
15. This ipterfzce iz hardware dependent having the
following mindimal requirements. Ths intarface 14 and
15 batwasn tha 05 and 5PF provides a path which permits
the 02 to paszs data te tha 5PP and synchronously recalva
regult data genereted by the 5PP. Furthar, thisz intarface
allowe rapoated ugesd of the functlon call. Numerous
typae of Aata axchange machanieme anitable for uvse by
the prassnt inveantion ara inecluded in numeroux Eypes
af comptutatr pyeieme, aE L3 well known 1in tha ark.

Whila it iz aot necespary for thix ioterfzce
to ba zynchromous for all implamentatione, to do so allows
the interfacs to be implamantad ax a2 Ffunotion gall,
The minimun requirements for this interfacs 1l to provide
4 path and machanism between the 02 and BFPF to axchanoe
data.

In accordance with tha invention, MCP 11 and
TCD mieracoda T3 include a TCU _EXCEARGE FEATUREE function
15 providing an axchange protacal betwean MCP and TCD
microopde that facilitatma phasing in fegtures that dapand
co partienlar MCP and TCU microcode functlienality. The
Torm of tha communicacieon path hatwaan the 05 aopd SPP
(MCP 11 and TOU microcoda T3) ix a fupcktlon call by tha
05 utilizing Rardware Support For Functian Calls T4 1in
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a menner tc ba described. %When the OB 11 callx thix
funetion, tha PP niocroesda 13 ix notified eod obtalns
tha Aats raprasantad by tha paramatars vip the ilnterface
14. The BPP microcoda 13 procassas the data and provides
the pregult dats for the call. A prototyps and furthar
datails of the fupctlion 16 will e describad balow.

Tha 08 11 and 8FF wmicrocads 13 includes respective
axchanga control portiens 20 and 21 for controlling the
axchange of Eeature infeormation in a manner to. be
described 1n Eurther datail. The 08 11 also includes
a rapurt portion 22 that recelves the result of the
mcchangs of faatura iaformation,

The OF 11 includes a FEATUREE list I3 that
ootprlses a list of feature word bit mesks supportad
by tha 05, Thie 18 hardended data. Tha FEATURES list
23 includexz Faaturax bit masks 24 which will ke further
described balow. A reaquired/optionel indicatlicn 25 1a
included ilndicating 1f a feecture 13 a reguired faaturse
or an opticnal faatura,

In a siniler mannar, the 05 17 inoludes a
EOFFORTENFEATURES list 20 of supported featurea bit maaks
raprasanting the featutaes that sre matually supportad
by tha OF 11 and EPP microesds 13, SUPPORTEDFEATDRES
Iiet 10 ipoludes featurex bit masks 31 with a reguired/
optional indication 3Z indieating if each supported
faature i» reduired or cptional.

Tha SPP microenda 13 fncludas a FEATURES I1ist
40 which ia n I1iat of faatura word bhit masks supported
by BEPP microcode 13. Thiz ix hardcoded data.
accordingly, thas FEATORES 1ilat 40 includes faaturas hit
maeks 47T with requirsd/optionhal indicaterxs 42.

The 3PP microcoda 13 inciuﬂu: a SUPPORTEDFEATITRES

‘limt 50 which is a liat of eupported featores bit maaks

providing Indicationa af faaturess mutually aunpported
by 08 11 and 2FPP microcade T3. Accordingly, the
SUPPORTEDFEATIRES list 59 includes features bit masks
21 a= wall an tha required/foptional iladicators 52.
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Althongh elemantx 23, 30, A0 and 50 ars cdascribed
as lixtx, it ix appraciated that any sniteble data
atructure mey ba utilizxead, a.g., an array or a pet of

dafines.

The ~erm list i3 usad in the clains Lo denote

any mush enjitable datm struoturs.

Tha featnroam are defined an fallows.

Faatunras provridesd and usad by both the 05 and
EPF wicrooode environmente have ona or mere of the
following charactariztics.

1.

The festure may be designed ae a client/sercver
interface puch that one envirimument provides
2 sarvica uaa? hy the othar anvironmant.

The determination of whather the feators

ie raquired or optional 18 mada with reapect
to tha =limnt anvironment, That ie, 1f tha
cllent can opsrate without the sarvics
{faatoure) provided by the server, then the
faatura c¢an ba made optional. Otharwies

the featora 1z regquired.

T™e fecturs may bea designed such that tha

format of an exlsting data structors which

ia sharad hetveen the twe enviranmanta ia
modifiad whan tha faature 18 anzablad. TIF
byth environments can oparate using elther
tha ald or new formata, the feature may be
dafined as cptionel. Otherwipe the feature
iz ragquirad.

The fegture i1z dasigned =such that when
anahled, hoth envircnments do not interact
to auppoart ik, If the feature can be designed
guch thet an alternats mode of oparation

ia psed if the featora i1 not evailable in
baoth anvirooments, then it may be defined
ans optipnal. Otherwiza tha fsatura is
raguiread,

Ar exampla of a3 reaguired featore is as follows.
Tha 5PP iz medified such that a partiounlar class of
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function calla raguires the data to ba eccompanied with
mdditional contrsl information, The modificaticn ie
snch that the SPP hardwara antomatically "consumes® the
sontrol data making the data's axiptenca a raguiramsnt
for all such function calls by the OB. Tha OF apd 5FF
wiocracads wonld add thils as a raguiread faature. IE thia
naw BFF wersm fngtalled in a conputer system withownt
updating thea O (i.a., tha 08 would not have the naw
faatura dafinsd), tha functicn calls by tha DB to the
SFF would not contein the necessary control data. The
masible combinations of 0F aoftware and EPP microcode
and rasulting actiong ara am follows.

1. If the 05 software vercslorn doeaes not racogmize
the new fsature and the S5PF hardware/microcode
comprieas tha old hardwares and microcode
wharain tha faature iz not definad, both
O and ETT behove ne befora.

2. TIf the 03 saftware version does not reoognlze
the new faatura but tha 5PP herdwvars/microcods
haz beean vpgraded to the new hardwara and
miorooode whereipo the feature is definad,
then gfter exchapging foeatures, the new
featurs 1£ not racogniz=ed by the 05 and
therafore ignored. The 5PP, howawvar, raturns
dn error becansae the featura requiras
coopergtlon by the 4=,

3. If tha 04 sofrwars varsion has hean vporaded
to racognize tha naw feature whera tha
function calls in the particular claxs will
contadn additional eontrol data buk the 3IFP
hardwara/microcods iz the ald hardwara and
microcode wherein the feature is not defined,
than after exchanging Fsatureas, the new
faaturm is not racognized by the SFP and
therefore ignored. The 05, howeavar, raturna
an e¥rror because the faature ragqulres
cagparation by the SPP.
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If the 05 anftware varsion has been upgradad
to racognize tha naw featuera whara the
functico celle in the particular class will
contain additional contrnl data and the SPP
herdware /microcode hadg baan cpgraded to tha
oey hardwarae and microcode where the featura
in Jefined, then after sxchanging faatnres,
the new feature 13 recognized by both tha
BPF and O and therefora usad.

An axampla of an opticnal fesature is as followa.
Tha 5PF microcods is modified to provide a new fanction
call thet returns statistics relative to performanca,
Thiz feature falls under the client/warvear modsal. The
05 deaterminss that the statistical informeticn provided
by the new fonction call is usaful but not critical and
therefore dictates that the faaturs will ba conaldered

aoptional.

The 08 ip wodified to recognize the nevw fsature

apd If prasant wlill pericdically parform Ehe fanctlon
omll {(iIf avellabla) to gathar and raport the performancea

atatlietlos.

Qlder verzions of tha SPY plorocodsa wanld

not report this feature. The possible combinations of
0 scftwara and S5FF micracode gnd reauslElng actlicos ere

aa folloss.
1.

If the 8 softwars version does not racognizs
the new feature and the SPP hardwara/microoode
har tha pld nmicrscode in which tha Ifeature

is not defined, both tha 05 and SPP hahgva

ag before.

If tha 05 aaftware veraicsn doesx not recognlze
tha naw feature but thea BFP hardware /microcode
haa hesn upgraded to the new microcoda wharain
the feature ix dafined, then after exchanging
faatnres, the new fepture ia not recognlzed
by the 05 and thersfore ignored. The 3IPF

aees that tha 05 dows not use (f.e.,
recoghilze) the new feature. Ho arror 1is
returned by the SPF zince the SPP gplay=s the
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garvar role in thie cass. That ik, whethar
er mat the functlon i used does not metter
to tha SPP.

2. If the 05 software versicn has hean upﬁraded
0 recogniza tha nay Taatura but tha SPP
hardware/niocrooode ioecludes the old microcods
wharain tha faatute iz not defined, thao
after axchanging faaturas, tha new foaature
is not rwcognized by tha EPP apd thearafora
ignorad. The 05 zaax that tha S5PP Aoax nnt
anppart the feptura. Since the 05 tramts
thix 2x aptional, it will not use tha
interface to report otatristios,

4. If tha 03 poftware varsion is uvpgraded to
racognize the new fasatnrs and tha 5PF
hardwara/microcode has been upgradad to tha
new mlicrocods wharein the featnre 1a defined,
then after axchenging features, the new
feaature s recognized by both the ESPP and
f18. The 05 willl therefore use the featura
to report statistics,

To facilitate the exchange of supportad Feaaturas
betwasan the 0F and EPP microcode, features are reprasantad
in ons or more hit wmaszsks. Each bit in the mask represents
28 unicue fenture., If the bit i= on {f.a., =1), than
the fastpre ia sither supported {(L.4., provided by the
anvirenmeant) or in tha elient/server caze, sucpported
(marver) or used {client). If the bit is off {i.e., =0},
than the featura ia not gupportad or unsed,

The followiny riules are utilized for assigning
a new femturs which raguires both 8% and SPP davalopment,

1. The featurs iz azalgned a unigue number.
Faaturas are numbared seguentlally starting
with ona.

2. The feakture ias determined to ba eithar
raquired pr opkiomal. IFf the featurs is
optional, then an altarnata meds of aoperatcion
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1a dovalopad aleng with the feature®s moda
of operation such that tha system will
function in tha altarmate mode when the
feature ie not mutually swpported,

3. WwWhian tha fasatura is davalopsd, its nuembar

and reqgquired/optional information la enbedded
in the saftwara andf/or microcode for uzs
during the exchange process.

During the exchanga proceass, ona or mora bit
masks ara sxchanged. Thp width of the kit mask is systen
dependent hut should be azs wilde aep a standard avatem
"word” minus one blt (PitD ik rasarved az a2 flag for
ipdicatliog when the last mask word has been exchaoged},
For oxample, for eystoem wordes which are 8 bitx wida,

T features gan be represented per nask word. Feature
1 iz reprazented by bit? of Word!, fostvred by bitZ and
ao Forth.

If tha rumber of features exceeds a system word,
malkiple worda are uged. The [eature pumber (Featura=#)
can ba eMpraessed in tarwms of <ha mask word number (Word¥)
and hit number ln the mask word (Eitfl. Featuwre and
word aumberxs ztart at 7. The zelationahip betwasn these
numbers can be expresesd as follows, where B =
RITS_PRA_SYSTEM WTIRD.

FPeaturef = [BLit¥ + [[R = 1) x (Wordf - 1]11).

Tha following aquations provide the bit and word
runbare in terms of the featnre number.

¥ordd = [(Faaturaf « (5 - 1) -« 1) DIV {B = 1].

Eit# = Featuref - ((Bh = 1} x [Word¥ - 1)).

For examnple, for systamm with 8 hit worda, Eseturs
nunber 22 fig repreeented in Wordd,nikl:

Wordf a {22 + H - F — 1} DIV [B — 1) = {2B/7) a 4,

Bitd = 22 monr (8 - 1) w (22 MOD F) = 1.

It 1s approciated that the same procedura 1s
utilizad for determining word and bit nunbhere for evyetema
with the 48 bit words indicated abowvs with raspact to

Figura 1,
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' The Hardware Suppoert Por Punction Calla 14 ims
tha intarfacs praferably utilized by the exchanga function
TCY_EXCHANGE FEATURER 16 for axchanging featura
information between tha MCP 17 and tha TCU microeoda 13,

Refarring to Figurea 2{a)-2{e), with ocontinued
rafarence to Figqure 7, Pigure 2(a) =zatms forth the MOP
procedure declaration for TCU EXCEANGE PEATURES function
while Figurs 2{b] definea tha parameters tharsof.
TCU_FXCHANGE FEATURES ip an MCF provedure which upes
the Hardware Support For Foncticn Calls 14 interfaca
and provides an interfazce batwesn the NCP and TCD
microgods for exchangiog & bhit mapped list of supported
fsaturag.

The parameter WORDNDM iz defined ae the word
number of MCP-undaratood or MCP-gupported features
indizated in MCPTOUFEATORES. The MCP 11 pasmae the Hords
in thia parameter, sach Wordd passing 47 feesturs bita,

With reaspect toc MCPTOUPEATURES, aach of bits
1+v247 in this word corrasponds to B particular featurws
Eupported by the MOP 11 or TOU microcode 13. Tha MOP
Tt sats a fenture bit +& 1 1f and only if the faature
is supportad by the MCD 11 or the fantura iz a4 TOD
microocda featura that the MCF yndergtands,

Tha paramater LASTCALL 13 et to TRUE 1f and
caly if this is the last call of TCD BXCHANGE FEATURES
that tha MCF will maks.

TCO_EXCHARGE _FEATURES utllizes the Hardwara
Support For Function Calls 14 fpterface. The parameters
Papsed over thie Ainterface are xot up ag illustratad
in Figure 2{o}. TCU_EXCHANGE_FEATUEES raturne the BOOLEAN
valua of the Result Word returned by the TCD microcode
13 via thae interface.

The firset MCP/TCO featura ia ae=igned to the
flrat feature word, bitl. Aa new fraturas are added ,
bits are aseigned at the paxt highest available bit aof
the laxt MCETCUPEATORES ward. A aingle call to this
interface allows tha exchapge of 47 unigue featuras.
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If mora than 47 Tfoaturas are dafinad, multipla oalls

are made by spacifving Wﬂhﬂﬂuu m & fTor fsaturaes 48-94,
WORDHTM = 3 for festures 95-141 and soc forth. Toing

tha equatione given above, the featurse mmmber lg defined
by (Bit? + 47(WORDNUM - T)]). TRe last MCPTCUFERATURER
word sant specifies LABTCALL « TEUE.

Whan a featura hit 13 asxxiqgnad, 1t ie
characterized by both the MCP and TOU micracode aa either
optional or reguired. Reguired featnres mmst ba aupported
by both the MCP and TCU tlcreerda, IFf a raquired faaturae
is not mmtually supportad, the MCP will DEADSTOP thae
avatem. Optional features naad not be supported by both.
If an optional feature is not supported ky bhoth the HOP
and ™MU mlcroecode, the feature la not nsad. For saach
call to this interface, tha TCO mierocode raturne its
carrepponding MCPTCUFEATURES word as specified by WORDNIM.

Thus 1t 1s gpprecliated that this MCP to TCU
functien interface 13 deflned to suppozt feature
coordipatioan,

Rafarring toa Flguras 3(a) and 3({b) with coatinuad
rafarence tg the preceding figquras, 8 flow chart ia
illustrated describing how the TCU BEXCHANCE FEATURES
interface 16 1ia uped during svatem indtialization, TOM
reconfligoration and microcoda load by both the MCP aod
TCU micrccode. The initial vaiua of «<n> ia 1%, In
the flow chart, compente are preceded by ™",
Additionally, a data word Lollowed by "E<k>»[¢bri11™ is
2 bit met cperation. It sats bik <h» to <k> where k
iz D er 1., The hlocks of the flow chart illustratad
in Figure 3(a} ara identified by referanca numarals
140-104, respactivealy, and the blocks of the flow chart
1llustrated in Figure 3(h) are identified by reference
numerals 110-114, respectively. In branching blocks
102104, t1Q, 117 and 713, the left hand branch 1w
deanoted by the anffix "a™ and the right hand branch ia
denotad by the suffix "b". Blacks 100 and $10-114
describa actione orgurring inm tha MOP environment, Blocke
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101=-104 depcribe actioos oececmarring in the TCO environmant.
In bleck 100, tha MCP calls tha
TCO_EXCHANGE FEATUREE intmrface with the parameters as
ipdicated. The axchange information i3 traneferred tu-
the TOO vla the Rardware Support For Funocition Calls 14
and tha path 15 (Figure 1). Thke illustrated sat up of
parasatars wvas discusged above with reapact to Figqure 1.
The LASTCALL paramater bhit is sat in the leaxt significant
bit of PARAM2 ms indicated. Dottsd arrow 106 lndicaten
the MCPF to TOU communication path 14 apd 15 (Figorze 1).
In block 107 the TCU miorocods recelvea the MCP
data whioh ix procemsed as indiceted in tha hlocka
102-104, TIn blocks 103b and 104h an ERROR RESULT may
ba hit =at as indicated, or in hleck 104a a NORMAL RESOULT
may be bit ast am indicated., The RESULT word
TCU_FERTORE WORD<N: ia returmed to NCP as indicated Ly
dotted arrow 707 at tha bobttonm of Pigura 3{a} and thae
top of Pigure 1ib). The TCU to MOP commnication ia
effectad along commyunication path 75 {(Figure 1}.
With continned referenca o Figura 3{k], in hlacks
170 and 111 the MCE gither varifimse that all of its
requirad faatures are sppported by thea TCU microcode
ar detecta unsupported features and deadstops the systen,
In block 112, @ globel featurs list is astahlishesd and
in blacks 111 apd 114, preparation iz made for mdditional
zalls or tarmination of the process. Block 114 raturns
ta block 100 of Flgura 3{a} utilizing the label START.
The gpecific descriptions with raspect to Flgurae
T-3 gbove ware provided with raspact to tha specific
MCPF and TCU envirocnments., A more geanserlc deacription
of the inpvention is new provided in terms of the 08 ard
3EP snvironpents. ‘'the following fs a prototyps of the
yenerle fonction.
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PROTUTYPE OF GEREWIC FUNCIION

BITMASX PROCEDURE EXCHANGE FEATORES {WORDRUMBER ,

FEATUREWURD) ;

INTEGER YORDNUMBER ;
BITMASE FEATUREWORD |

WIRONTMEER

This ig the anmbear asacciated with
FEATURENOED., If the number of faatures to
ba axchanged cannct he reprasentad hy the
number of hits in FEATORENCRD, muzltipla words
arda axchangsd and WORDAUMHER 1ldsntifias which
wui? ix baing azxchanged Ffor a givan furction
call.

FEATOREWORL: -

Thiz iz 2 bit mpask of fasaftures supportad

by the 03. If m bit 13 on, the corrasponding
feature i supportsd by the Q02. If the bit
fg wff, the feature 1p not supportad by tha
08, FEATOREWDORD is foarmattead into Bi:t0 and
Bitx(1-n), whara Bit0 irg tha Ilanst zignlificant
bit. PitDl zat to 1 indicatss thet thia is

the last FEATOREWORD and therefore the last
fanetion call. With reapect ta Aits{1-n),

a bit set to 1 repreeents a foature that

ia supportad by the 05, PEach faanturas
davalcpad batwaan the 05 and 5FPF 1 aselgned

& femture word and bit. The feature should
alen ba characterized es cptional or regquired.
Feature definition should be hardcoded in
both the 05 and SPP eRviroomants.

REEULT

The RESULT raturmnad by thae 5TF 1s ltwe
corresponding feature bit mask. That is.

1f the fopnction call i for the firgt featore
word, (i.a., WORONUMBER=1) than tha 5PF
raturnk its firm+ feature bit mask. a2 ™"

in Bit0d indicatex an error.
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Rafarring o Flgure 4, a pasodo code deseription
of the Esatures axchengs mechanism aeing tha
EXCHANGE FEATDRES function ix lliugtrated. YThis machanism
wiould be invoked during syetem initlalization prior to
nae of any of the defined featnres, Tha following
convantione ara wged 1o Figore 4,

1. Labels ara shovnm in bold charactere.

2. The desoribed activity is cithar oocurring

in the 0f envircomeot or in tha BBP
anvironment. The eovironment iz Indicated
by una of [D8] or [HPPT.

1. Loonl variabhlax belenging to the [O8]
environment -use the suffix "_0F". Gimilarly,
variahles in the [SPP] envircomant nes "_sSbP".

4. Comments ara pracedad by "s™.

5. NHEQ reprassnts Mot Egqumal and fia a bitwiea
ocmperison operation igmnoring BitD,

G. BAND represents a hitwisa AND oparation or
whan n=ad in a conditional test, a logical
AND operatlion.

T. A data word followed by "R<k>[<bz:11" i
the above mentionad bit aat oparetlion. IE
gata bit ¢b* to (k) whare R is t ar 1,

It 1o appreciated that the functionality of Figura

4 eleaaly tzracks that of Figures 3fa} and 3{h}, Tha
LOOF sacticon of Fliqure 4 corresponds to bilocks 100-103
of Figura 3(a}). Ths CHECK LART section of Figure 4
carreaponds to bleck 704 of Figura 3{a). The RETURN
saction of Flgore 4 corresponds to Flgure 1{k]. Tha
feature list ig fsplemented azx the array FEATUREE D3
in the MCP and FEATURES S5PP In tha 5PBP.

After performing the oparatlons, the 08 has aithar
faulted duse to a feature migmatch or has conpletsd the
exchange of all feature words. If a fault 4ld npot opacur,
both the 08 and 5PP hava ldentical recordz of which
foatures are mutually supported in their respective
arrays. If an cpticonal features 1e not aupported, IL
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will not be used and an altearnatiwe mnode of opsration
nmay be effected.

Tt fs appreciated with respeot to Flgures 1 end
4 that tha FEATURES_DE array ig an implesentation of
the FEATURES Iiat 23 and the hardeodsd hit masks are
stored at 24. Tha EUPPORTEDFEATURES UF array is an
implementation of the EUPPORTEDFEATORES lixt 30 with
tha bit masgks stored at 37. The FEATURES SPP arrny 13
an ioplamentaticn of the FEATURES list 40 with the
hardocded bit masks atored art 41, The
SUFFORTEDFEATURES SPP arreay 1= an implemantation af tha
SOFFORTEOFEATURES list 50 with the bit masks atorad nt
51. The SPPFEATURES OS ia returmed as report 2.

Bit maskas ars utilizad ta facilitate the
comparisom speratlon. The uss of bit maskx 1= not,
howavar, a raquiresent, Other known feeturas indication
storage arTangamentsa, such &8 any hit map arrangemenkt,
could be gtlilized to tha sane effact.

ancther example of two =oftware sentitias that
may unktilize the fwvemitlon are twe ilndependent procaszes
running within the same computer syatem controlled by
the mame 0S. Any two software progeeses which are capabln
of using an InterFrocess Communication (TPC) machaniszm
to implament intexface 14-15 may ues thig invention.

Tha abowve described epnbodiment was saxplained
in terns of mutually aupported features. However,
faaturag which are not mutunally spgpported copld ba
included for reporting purposas. That is, the 05 could
obtain and report on SPF features which the 08 does not
naed to support. Theszs faatures would bo coneidarad
cptlonal.

Bach of, ar at least one of, the software sntitlas
maintainsfeconstructs a list of features supported by
both. The bits representing optional featurss may ba
dynanically referenced to determina whathar ko uae the
faatyre or to effact the altermate mode.

¥hila tha invention has been deacribed in 1ts
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1 preferrad ambodipent, 1t fa to ba undarztood that tha
words which hava baan uxzad ara wvards of desoription rather
than limitation end that changax may ke mads @ithin the
purviaw of the appepded cliaiwms withoot departing from

tha tros scopse and eplrit of the inventicn in its broader
anpacts,
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LLATHA
7. In a compuber systam having a first and a second

softwares entity, each supparting one or mora featores,
A foatura axchange method comprising: .

transfarring, from sald firet to x=aid second
softwara entity, indications of foatures supported by
gaid first eoftware antity,

comparing, by =aid sscond softwarse antity, zald
indications of fasturas supporcted by eadid first softwara
antity with indicatlons of Eeatures sdpportad by aald
ascond software sotity,

trapsferring, frewm sald macond software entity
to paid firet zoftuars entity, =zaid indications of
faaturas supportsd by sald second software entitr,

transfarring, from sald second eoftware eotity
to maid first software entity, an srror ipdlcatlen 1f
sald firgt sofbtware emtity dona not support a featurs
requirad by said second zoftware antity,

oomparing, by =zald first saftware eotlity, =zaid
indicatiooe of featuresa aupportad by s38ild pecond zoftware
enitlty with =ald indieatjions of faptures supparted by
sald first software entlity, and

taking an errer action, by said First software
entity, 1f eald gecond softwara antity doee not support
a foature resuirsd hy =ald first zoftware entity or 1f
said first softwara antity receives sald earrer indlcatiom.

2. The method of Claim 1 wherain sald indications
af featpres supportad by sald first software entity end
gald indications of featursa aupported by sald zecond
softwara entity comprise bit maska where a bit thereof

repregenta a faature and whereln
sach gaid comparing atep comprises a bitwisa

comparixzon of zajid bilt manks.



Wik PR G PFCTLERN-1

10

T3

20

25

a0

35

- 2T =

3. Tha mathod of Claim 2 wharain aach saild bit zoaask
incslodas & resarved hit for sald arror indiceaticon and
wherein said step of tranxfarring seid error iodlcation
includen

petting, by z2ld second poftware antity, said
ragarvad hit in a bilt maak cootalning said indicatione
cf faaturas supported by gaid second softwers antlity.

4. Tha mathed of Claim 2 furthar comprlelnog

including, in =aild first zoftware sntity, a
hardeoded liat of said bit paske contalning =aid
indicatioma of featuros supported by aald first softwvmre
entity, and

Including, in sald second sofitware antity, a
bardcodad 1igt of sadd bit maske containing said
indieationa of fantyuras sppportead by aeid pecond poftwars
entity.

S. Tha mathod of Clajim 4 vhersin 2aid fsaturas
supportad by aaid firmt software sntity comprloe required
fentoren of saild first softwvare antity and sald featuraa
sapparted by sald second software entity compriss reaquirad
Featnreax of =zald sacend software antity.

B, The mathod of Claim 5 wharein cne of seld firat
and secopd softvare entltlaes supporis an optionhal featurs,

zald methed further comprising

ineluding in zaid hardesded list assoclated with
aald one softwars entity an indication of sald gphlonal
faature and gn indication that gald ocptlonal faaturas
iz optional,

T- The method of Clalm & whereln sald hardeodad
ILiatx includs indications Ehat said requiread features
are reqalred.
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E. Tha method of Claim 1 wheredin said firat software
entity compripces an oparating eyatem of paid computar
ayaten and said aecopnd poftware entity comprisaes a
microcodad opacial purpose procassor of aaild computer
syxtam,

9, The method of Claim 4 wharain anch asaid herdocded
ligt comprises a plurality of aaid bit masks each seid
hit nazk heing identifisd by a word numbar and wherelo

mald step of tranafarring from baid first saftwvare
entlty comprises transferriog, from sald firsk software
entity to sald second sofiware eotity, a partliculmr bit
mask with & pradetarkined wor® numbar from sald liat
apgooiated with sald first =oftware entity, and

aald flrest step of transferring from sald sacond
software entlly comprizes transfierripg, from =zald second
software sntity ta =zaid firet softwars antity, a bit
mask corcesponding to saild particonlar bhit mask having
aald predetermiposd word nunmber from sald list azsoclated
with asai2 pecond software entity.

10. Tha mathod of Claim 9 wharain & new required
foature 1ip introdurced in said firzt or second spftwara
aptity and whearein sald method further includes
zatting a bit In an associated bit mamk
corregponding to zaid new ragquired feature.

11. Tha matheod af Claim 4 further including

#alotaining, by at laast one of sald first and
aacond acftware entitiesz, a 1ist of indications of
faatures supported by both geid firet apd second software
entities.
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12. In 4 compoter systam having a firset and a second
software entity, aach snpparting ona or nore features,
foature exchange apparatne comprising:

maana for traosferring, from sald first to aald
aacond software entity, indications of features supportexd
by said firskt softwara entity.

means for comparing, by said zacond softwars
antity, paid ipdications of fsatorss supported by sald
Eirst =moftwars entity with indications of featuree
supportad by maid second softwere entity,

naane for tranaferring, from sald sacond softwara
ehtity to sald firat software entity, sald indiesations
of featurea supported by aaid sacond scoftweara antley,

aaid neane for tranaferring from aald sasocond
softwars sntity to sald firat software entity lnoluding
mepne for tranafarring ao error indicatien if xald flrvet
software entity doss not =upport a famturs raguirad by
said sacond software entity, and

zaans for comparing, by sald first poftwars
antity, mald indications of fastureas suppartsd by amnid
macond software entity with sald indicationa of fsptures
supported hy aald first software entlty,

xald firzst zoftware sotity taking an arror action
1f =aid gecond software antity domx not =upport a featurs
required by eaid first software entlty or 1f sald first
softwars entity receives sald error iodicatlon.

13. The apparatua of Claim 12 wharain

mald indications of featursz zupported by aaid
first softwvare entity and sald indications of Teaturas
supported by Eald sacand software entliy cooprige bit
masks where a bit theraof rapresents a featurs, and

each saild comparing maans ia cperativa to parform
a bltwize compariecn of said bit masks.
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14, The apparatus of Claim 13 whareln each said bit

mapk includes @ reserved bit for said arrer indication,
gald means for trampferring sald errer indiecaticn

ipcludes aetting, by sald second software smtity, =sald

reservad bit in a bit maak contalning sald indicatrions

of featurea supported hy eaid second software antity.

15. Tha apparatus of Claim 13 further zemprising

a hardcoded list, included in maid £first poftwars
antity, of paid bit magks containing said indications
of featurae supported by said firxt aoftwars antity,
and

a hardeoded liat, includad in eaild sacond acitwara
antity, of gaid hit wagks containing Aald indicaticns
of featuras supported hy zald secand software entity.

15. The apparatus aof Clain 15 vherein said features
supported by sald first software entity comprise requirad
featurea of eaid first eoftwatrea antity and sald featurss
supported by sald sacend software entity comprige ragquirad
featuras of =ald second software antity.

17, Tha apparatus of Claim 16 wvherein ona of sald
first and secand aoftware entitiese eupports &an optilonal
faatura, s2i1d hardeooded list associated with sald one
software entity ineluding an indication of =ald optilonal
faatura and an indloastion that said optional fsature

is optional.

1B. The apparatus of Clair 17 wherain sald hardooded
ligts includa indicatlone that sald reguired featuras

are requlred.
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19. The apparetus of Claim 1 wherain said firat
eaftwars antity oompripea an operating ayatem of =aid
computar svatam and sald =zacond coftware antity compriges
4 microcodesd special porpogse procasscr of said computar
Eystanm.

20. The apparatus of Cleim 15 wherain aach saild
hardcodad liat compyrisas a plurality of zaid bit masks,
fach gald bit mask being idantifisd by 2 word number,

sald means for transferring from saild firat
software entity being operative for traneferring, from
gald flrat anftwara antity tn sajid aacond softwara antlty;
4 particular bit masnk with a pradatarmined word numbar
from said liet esscoclatad with anid firet softwere antity,

aatd seaps for trensierring from saifd seagopd
saftvmara antity baing aparative for transfarring, from
gald second moftware antity to =zald firxt softwars sntity,
A bit mask correaponding to sald particuler hit maok
baving =aif predetermined word oumber frem sald lisk
axsocinted with =afd sacond aoftwvare entity.

21, The apparatux of Claim 20 wharain a new raguired
feaature ig lntroduced ln cone of saild firat or second
software entitias, zald one software entity being
operatlve For zetting a Bt in ap aspociatad hit mask
correaponding to s2ld nevw raquirsd faaturs.

22. The apparatus of Claim 15§ forther including a
list of lndications of feasntures supportad by both sald
first and second goftware entltie=s meintained by at least
cne of zald firet and sacond soffwere entitien.

id. The apparatus of Claim 12 wharein aaid indications
of featurss aupported by peald flrst software entlty and
gaid ipdications of faaturas supported by aald second
goftware antity compriza featura indication storage

Erranqgamanto,
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T 24. The apparatus of Claim 23 wherein paid faaturse
indication storage arrangements compriaas blt nasks whare
a hit therwof reprasante a faatura, and _
each Eaid conparing mesana 13 operative to perfomm
5 8 bitwise coopariszon of said bit maaks.
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‘BOOLEAN  PROCEDURE

TCU_EXCHANGE _FEATURES
(WORONUM MCPTCUFEATURES,
LASTCALL ) ;

NAME

VORDHUM, MCFTCUFEATURES ,
LASTCALL;

INTEGER WORDNUM;
BOOLEAN MCPTCUFEATURES,LASTEALL.

47 go
WORDNUM
47 01 00
| I MCPTCUFFATURES | RESERYVED
47 a0
LASTCALL
“
- 47 00
PARGMI VORTONUM
47 01 0o
PARAMZ2 | MCPTCUFEATURES | LASTCALL
47 01 0D
RESULT! mCerCUrEATURES FRROR
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