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1. Introduction

The purpose of this paper is to describe the P2isa
Software Laboratory, PSt. The 2SL enzples 1ts uSers to nave
a special enviroument im building, in aa interactiwve Jay,
nevw software systexs. Experaucuts aay be doue folleosiny a
structured uesign to cbtain roduilar systezs.

The PSL has buen iaplezented at I£I-ChR, on a virtual
machine generated by CP-67 ou a IBZ 3bi-67 cosputer.

A software system is a set ot indepcendent socules
conpected in order to fit the ne=as of the user.> Bach
moiule is a functional unit &ad is prograzzeu regardless ol

the others using the rules of structured prograaring.
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vodules intertacing anu cowamusication is  handled by 1514

using iae port approach /i/. ,
T, horieare Syrteus

Oac sajor wdvartage introduced by  the port abproach is
aclularity. Iu fact, the 5SL zeets Desnis rcguiresesnts: 5S4

mosules are the units of proyrae representation ond global . ) . .
’ the wain goal of tae Pisa software Labcratory
variaples TeierencCes ar-s not allowed, iR order tO QUdArantee ' . . .
is to. provide a special envizonnont  witalg ~h1ich

the context independence condition. Furthervore, +SL ’ X . L.
rosedrcoers, desigyners and studeots  aave toe possipility to

yrovides a wechanism to cozpine wodules  without requiring . . .
experipent in order to build new sorT.are systeos.
changes to any oi the cosponest rodules /27 . Iu this ’

e define a software system as a set of indeperdentily
picture, cach wodule, conceived as an enticy, is ) ] . ) .
progranked and lnterconnected sodules, created to it thw
coniiruocuslr active, processing messayes as lony as they are
: needs or a partiocular uscer.
availapie. Concurrency ol operations is an inhureny part ot i ) . . L )
Pollowing Parnas /#,5/, @ zodule 1s a PsuanOwnP usit
this nmotion of wmodularity. In fact, durimg executiou, euCh ) i .
while the coapections betwees aodules arce the assusprious
rocule becozes a cyclic secuential process and the soltware .
which the nodules aake about €ach Othcr.
systex zay re viewed as a tamily of cocperatiag asynchronous o . . . .
- fach module plays 4 sSpecific rolez in . the software
plrocesses. ) ) i )
; system: taen, during the execution, it Bmust excpnange
Purtherpore, TSL provides a  protection szechanisn in ; .
inforaatiion with the other =zodui@s.
order to eusure the reliability of tne systerx even ir tae ) .
; In oréer to —redach tnis gJoal ihe »odlules wmust bDe
correcthoss of any «odule is aot guarusteed. . . . . N
conuected by acans oi comaurlication patns. cach aodule haz
PSL has proved to be an useful tool in the copstruction )
at his Jdisposal several 2orts torouga  @nich it say
of reliable zoftware systess: Amonyg others, it has been used i
. exchange BeSSajes with other wodules. As revards the nezseye
to design a4 control lasguage ipterpreter. In this . .
flow, ports are unidirectional; Then tnere are
particular experizemt, the [roject goal uas to produce sot .
. input ports aad Output pOrts.
only a reliable soitware system, put a piece of readable . . -
e can establish an apalogy betdsen ports ~inm the

software, relatively casy to z0dify and saintain /3/.

soitware systez and imputs/output wires in harcware nouules.
The coanectioa between téo aoduies is made by liaxing

one outsut port oL a soudule whit an input port of the otuer
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mojule Dby @eans ot a auiluox. A mallbox is a Lessuge
prirer. The connection,port-nailpox-port, constitutes e
33&::bwcwwwcu puth letswen tvo odules.

wﬁa‘bOQFumm are not awarc of which othcr todule they
receirve messages from por sehd  sessayaes to. The ouwly thing
a module knovs about & cowmwunication path, that connects it
to anotihey 2odule, is the name of its port. rorts are iocal
nascs to the wodules.

The PSL treacs a module, during execution, as a
sequential process; Them a software system becouzes a
collection of parallel asyucaronous processes (a hwuwww oi
cooperating processes). These procescses GOrwcﬁWOﬂﬁm. as @e
previcusly pointed out, by neans of couwnunications paths,
which are stansardized and tiguly controlled by tae FSL.

2llowing processc<s to comruaicate only throucn [orts

has many advantages:

~ Iuterprocess coxaunication 1is guite fast because little
Checkiny or searching is required for each message during
executicn.

— Deteccting deadlocks shoulia be sizpler

- A prutection mechanism can be easily iaplemented because

inforuation flo4s in a controiled way.

f .
s A A

The aaib objecive of the PSL is to provide an

cpvaironuest in vhich softwar

[+

"
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i car be easily bullt.
The mals property of tuese softvare systlax 1S zodularity.

. . ) sk . the
phis property 1iE ecasily obralueC 1N the PSL because all e
modules are not aware Of xhich other module they rfeceave

In sach o way, any

(a8

pessaves Lrox nor seind xessagdes to.
rodule of the softzare systcw supported by the ?SL Cen o€
changed, replaced or sodified in any wzay without caainging

1he otner modules.

3. #ucleus

The PSL p:nwmnw is a software extension of the haréezare
machine, Mb.O:H case of the Ia# 36{/b5. The nucleus is the
run-time support for aay software systew prograaned O the
PSL and it provides the usual hmnwwwﬁwmm 01 dan operatiag
systes to allocate logical ani physical resources.

kore precisely, the goals of the nicleus are:

a) va zanageaent of processes; That 1S the creatioa oL a
virtual [TOCesSsSOr LOX any process of the systew. In other

words the nucleus xust provide the aultiprograzalay

Hmnwwwﬁwow oif a yeneral purpose operating systca.




) The intdracilion asony processes; Yhat is the conrtrcol {ais process  is started. Srocerses with tne  same priority
. . !

processes #nen they sust intersct eithel in the casc : are hancled in a FIFO Oorder.

conpetition oL COZROND Tesources of  in  the case In order to sisulate 4 hiyier degree or parallelisi and

coopvration vhen taey »ust exchange information. to avoio the aonorolisiny coi processor tizse from CPi-pound

processes, a time slice is assianed HO m;nw process. «hen
c) The creation oz & ser of functious :mmama.no allocate ine W b , the tige slice ends the process is precupted and reirsected
System Tesources. MNore pacticularly: the mznnﬁunnm used , in the rcady zucue 1n a round~rouin fashion.
by processes to access the aessaye passing uechanisiy, to At this level the protection sechahiss of the JBM/Z6¢
reguire or release acmory olocks and to use input/output is used tO ekSurfe ithe coaplete indeperdence  oOf processcsS.
devices. Lach process has me.umsc space and it can reference only

[ its locai variasles. In =suca a w¢ay the PSL prograxminy

’

The PSL nucleus is organized as a set of hierarchical

sysiem  allews a complete zodularity siuce  there are  pot
levels. Each level wodifies the underlying machine in order glopal variaoles. Purtherenore the systes reliubility is
to Create 3 ned abstract wachine sore suitalle from ibe enhanced siuce errors ave confined withip processes.

poiut of view of =xodularity, reliability and concurrency. At the secoul level the Dijkstra's priaitives WaIT and
Processes running on the top level, =ee an abstract machine it : SIGNAL on -Semaphores are implemented. these operations

with a private processor for any process and wvhere any W Tcprescat a very generai syacnronization awchanisz that can
abstract processor has racilities to exchange zessages with || . : pe used to soive any syschronlizarioa proclem both in ine
otaer processors, to recuire or release mexory blocks and to : cas¢ of process coapetition ror the use of copnaon resources
reliably handle I/0 devices. and in the case of process cocperation-

:

The firsc level is tue short teram scheduler. The goal

%ith the seconé level eaca apstract processor acgulres

of ithis cosponent is the process wanagesent, Por <tThis the capubility to wait for a parcicular event or co signal a

purpose, active processes are zaintained in a ready cueue. particuliar event.

This nueue is priority ordered. dHhen the running process is

However it can be proved twmat wait aad signal

blocked the scheduler extracts from the ready queue tue ojerations ure very primitive and powerful aud so they can

process Wwith the highest priority. Then the execution of

be very dangerous ii they are used in an uzdisciplined way.




mcnw:wuﬁwwmo= :mwvn:&mwm:uhowﬁnmﬁvoumwnm aot drrcculy

usable on the ¥Sk. That is obtaincd wita a third level

wnore doal is to @maSik thoze operations to provige uew
t uuctions, japlezeuted in  telas of semapaore prisitives,
pceded to  eXChanye mossages abd to allocate the physical

L¢SOUrcCus .

3.1 nessage passind functions

The pall Component oL the messace passing sechaniza of

the PSL  is the mailbox. Taix coupon¢nt 1S a pacleus data

structuse needed  to coatain, for a mnwh MHoccnmhinOumcueﬁ.
clssaygen seat by the producer put cot yet received Dy the
COnLUaACLe In other words a usailbox is 4 zessage bufier

'

alere sessages are handled ia a FIFO ordel.

Sose scraphores are associated to a mailbox in oruer to

ailov  jrocess syachronizatious suring the message pasiinyg’

wctivitv. In particular there 1S a Semaphore rutex used to
Juarantie  the zutual  exclusion in  the aailbox operations
we N v 1 - . . )

«vls0en senders and recelivers. Purtacrpore there arc tdo

Leagpuores  that guarantee the correct syuchronizatiou

betweed SCnd . - . .
sea scnders and receivers. In particular they guaraniee

that zens v .
o ¢isages can not be received betore they are sent, OC,

-y

in Oﬁbam..uOHcm- no muessage Caa b recelveu iros ail @}ty
zailbox.

Viceversa, 1I tae wailboz is tinite, that 15 ii it
contains almost rk EmeSSages, the differeuce, Detwueeld ae

pusper of sent nessages and the nusber oi recelved escssaye

e

can 1ot be greater of a, or, 3iu other wOLnL, RO &E€sSalt AL
Lo cent to a rull wailbox.

The use of the three scuaplores associated to a nailrox
his beeen proved Correct from the point of  vied of  the
sutual exclusion ani oif tne duplication ~ or H..Homm oL
pessaues. furtaerzore it can pe proved chat no deadiocs 1s
possible throuegh the use of a single nailbozx.

processes reference a zailbox throuyh moﬁﬁm. foris arce
local nazes to processzes that can ve pound to pailiores
guring the creation oi the soitware systex.

A port can be conceiges as a pointer that is initiated
7ith the value nil. after the pinding pnase, duriny zhich
ports are counected to zailboxcg, any DOLT contains tte heoae
{aédress) of the xailbox to xahnv it is connected. The ouly
way a process has to reacir a =ailpox is throuch a port.

%e have cousceived the couucction petveen two processes
as a unidirectional 1link. For thiu rurpose e distiaguish
potween input ports and ouLput pOLLHe

if P and Q are LuO processes ¢h¢re p 1 an output pert
of P, y is aBb input port of U aswd h is mailboz, the

connection Pp-i-% iz the 1ipk taat connucts tue prouucer ¥




o r::‘.nczwswxh s 3N Per cach jrocess the port, after the
connection, wm.ﬂ:m pcnuw w#rm.Oy nhm wurx. S

In order to alluy jlocesses to exchange wmessages
throuyh & link two fuuctions are Pamwmsmpnman SE%D anc
RECLIVE. *he SPND  function has tso mewEOﬂmHmu STAD
(zres, 0T}, where ses ernmmcuﬁm the ressage to De sent éna

por the naze of thke local jort throuda which the zecsege
must be sent, After the execurion Oof this function, the
Aessaye »es will pe in the wailbox nowbnnnma to the port por
of the executinu process. fTae Jirst parameter iz a’pointer
containiny the address oi tie aemory block in ::Wnr Lhe
ressace is allocated; the sccond pararelel is an imieger
denotinyg a local port. fivst of all the port type is checrkeu
in order ﬁo.nounnOP if por is ea output port. Thken, 1i the
mailbox connected to por is not iull, tae uessage Jis
insertea in  the ailbox, otherwise the sending process is
blocked <aiting for a firee slot in the sailbox.

Also the <rfunctios K2CiIVi bas txo parazeters: E3(EIVZ
(zes,por) whers mes dJdenotes the mesSage to ve receiveu and
por the local port througch shich the wessagye is recoivade.
The first parareter is a poruter contaiuning, atter the
fuaction oxmmanwoum the address of the memory block ia whiChk
the roceived message is allocated. First o1 all the pourt
type is checaed imn order to coatrol if por is an inyut
port. Then, if tne msilbox conmected to ior is not ewptys

3 ressage is extracted frow the maiiboix; otherxise the

|J.\|

.
|
|
!

roectiving process is bloched.

vhis message passiay wechanisa allows processes 10 K:ow
orly apbout local nases. Glozzl variables are avoided. @hen
a process sends a messagw through a port it does uo& k ow
which process 1s the receivinyg one. This cepeunds oR tae
contectious e¢sStablished durinyg the creation of the softwvare
systez. In such a way a module cun be used as a compoaent in
many ¢iffcrrot conrigurations whithout chanying its interral
structure. This caaracteristic oi PSL cnhapces the soltdare
nodularity.

puring the creation oi a software syster @HP the
nou:onﬂworm asong processes 3UEt DC mMnmbwwmwmw as w:mhw as
the dimensions of  all wne zailboxes. Io order to increm«at
the mFDHMUWFMﬁw oi the aessage passing aechabnica,
connections are allowea in ¢hich a za2ilbox can be counccred

vith sany senueTs and wany recelverss.

2.2 remory ranadement

Memory ia PSL is divided in two disjoined and
differently haudied parts:
Tatuoa: 1y

is Getined at comTuration time. It has a fizea

-1~




size and contains: nucleus data and code, cvle oL thg

user aodulces, cailboxes, Ports.

part 5: It is the Lest of the ¥nole weaory and is managed oy
the nucleus, that allocales wemory plocks {(callcu user
objects) to processes thiough tne memory ifunctions GET

and RELEASE. This part contalins: user objects,

ressagdes, ifree memory aread.

This sectiou deals with the menory Part B.
’ Each PSL process (Cepresentative ol an user module )
may be given a aerory abkea (Rawmely, an :umn. ocuwnrv upon
reguestlag it zo the gucleus. Tvo kinds of reguest are
allowed:

a) by a RECEIVEZ on a port

b) by a GET
Sixilarly, the user object Cuai be released:

4) by a SzhD to a poxt

b) by a BELEASE

is regaris tne memory waLayement the eitect of the SLKD
apd BLC2IVE fuactioss is the 1ranstforzatiol oi a user object
in a message and viceversa. in fact a producer proccess

reguires to the mewory =zauager a free arwa  (user obIect)

-1Z-
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i
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t.hrougn the tfunction GET, then f1lls 1t «ith the iniormation
to wm.mﬁ:ﬁ and inserts this wexory mnmw. now containiay the
pezcage, in  the wmailbox thrcugh the functiou SE&ED. On the
other side  the coksumner process reaoves  the message ayea
fyom the mailbox through ihe runction RECZIVE, then. it takes
avay the inforration contaiued in this area, ostaining a
frec arca (user object) that can be returned to the nemory
wahager throuygn the mﬁ:nﬂwor AELEASE.

Tac eflect of GZT and LZLEIASE is then the c¢reation orx
drletion of user objects, by extracting or putting pieces
into toc free (property ot the nacleuxs) Emuahw.w@mnm.

In this section we discuss only about GET and z2LEsSE
itunctious.

Rhen a process needs suxe ECROLY space, it can reguest
it by Mwmcwum a GET (that behaves as a aachine Mruﬁﬁanﬂuon
oi the virtual processor tie process is running) speciiying
the recuesnted size (as number of pages) ot the user uvbjyect.
As a resuit of this function, the process can obtain, in its
naxe space, am uUser objzct ot the reguested size. In a
sinilar wdy, any process, py issuing a HELEARSE, yeis rid or
anyone of the user objects it owas.

Arter a certain tize since mum ctart of the systewm, the
paft 5 of mexsory will be cozposed of a set of occupied areas
{user obpjects and wmessades). The holes will also have
differant Jleuyhts. At any tike an N-pazes object 1is

roguested, this reguest is teesinle if a hole piyger toan ¥

-13 =~




The PSL takes care of achOry regQuests as folloes:
. buiore the start of the systea, a size-ordered iist of hoiecs
(LLP) is nnmmvmm . mmu..wnwwwwwwwmm 'mm:wrc. p:wmcm, hole
representing the tree area of wewory part B.

i- If the recuest is feasible: The hole of minizum size
not iess then N is searchea Yor and is removed fros the
LLD list. If the hole size is grecater taan H, the hole is
divided in t#o parts, one of which (¥-sized) is given to
the requesting process. The tree part um.pwnwmm to the

LLD list.

2= Ir the recuest 1s unieasible: The Cequesting process
is swiched to a waiting stete, awsd it 1s liaked to tae
list of all the processes waiting for available seaory

space (LATx).

Every tize an user object is reieased, a Check 1s made
it its wemory space can be aaéed to an adjscent hole to fornm
an unigee Dijger hole. The resulting hole is to be Llinked ro
the LLD. I this anole is biyyer than the saxiaum sized noie
already iv the list, a aechauisa is triggered for possinly
vakiny up scae of tne Jaitiug processes,

Tne strateyy is co ssitch iroa the saiting list to e

Teady list the highest ypriority processaes having feasible

-l -

reuoly TLeguests, Sumasarizing, there arce| the lollodsing

nrobloeng:

- Handliny of the hole 1list LLD - -- -
- Taking care of the poscible union of adjacent holes

after a release
- Bandling of the process waitiang list Li%d

Beiore going on to discuss the different .mowwmwcu. it
is couvenient to rake a resark: Sone detuils of the choven
approdca will dGepeund on the particular avarlable haruvare
structure, in our case a virtual wachine yenerated by e
14 CE wopm The mzost 1iwmportast restriction is that the
¥pole @femory cpacCe 1is cogposed of 2K byte peaory blocks
{faves), each of thea Dbeiag the =inizun  aeaory uait

trotectabpi> by a keye.

3.2.1 dandling the LLD list

Two operations cam be exacuted:

a4} Linking a nes hole into the 1list

b) Seurching and resoving au opportuael y sized hoie frox the

-15-
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when a GsT 4 is beiny exccuted, a check is wade ir the

pejuest is  Ieasible, by looking at the rirst eclement (dae

niggest hole) ia the LLD list. If the reguest is ieasibue,

then tue 1list is scasnned upsard for the ifirst nole shose
size S is such that $>=N; thea the bhole is rezoved., If 551
tiien the LLD handling is xinished; otner<ise a S5-3 sized
Lhole is created and Yiuked to the list.

A cuicker amethodl souid Dbe to Create a u:wmwmhc list
structure, each list  peino wmmcnwwﬂwm 4ith . a nwwma hole
size: in the case of no hole of a particular size, the
heaGer of the correspording list wilil point to the tirst
hole in the immediately laruer hole list. Boles bigger than

size could be associated to an unicue

size-oruered list.

3.2.2 Comvactinz the toies

Khehever @ process TeleasSes ome of its  usSer 0bJjeCtiSe
ithe nucleus ezrecutes the ifoilowing steps:

First a search is zade iu the LLD list to check ii the
LELOTY Space occupled by the user ocuwnﬂ is adjacent to &
hole. If at least one adjaceut hole is found (t¥© is
obviously the marisum), it is removed from the list: tieL a

nev hole is rormed Dy the conjuncrion ot the Fe#oOved one

-16—

LJbLh Ln@  BEenury space of Ltue object. If no maumnmmﬁ holce
cuiots, thed the doer object rmncumm 4 le<d nole. In 4ny Case
e nes nole is inserted into the list.

in order to speed LlLis operation up, tie rowwm are
jnserted ia a second list, LLI, order2d by increaS$Sing memory
aciresses. Thus, since the address of the Hmmﬁ.nmwmmmom usel
oljuect im available, both the addresses ot the precediunyg and

o0i the tollowing noles in LLI ar¢ easily obraincd.

3.7.3 Handling anfessinle recuegsis

As mentioncd above, after a .mw<ma time since the start
oi the system a set of procesges ¢ill be saiting for soae
memory  Space. When (atter a TCelease) a hole is maege
availabie that can satisiy sowxe of the reguests, it is
nucessary to follow a policy to establish which one(s) oz
the vaiting processes has to be awakened. This rolicy must
be couceived aloag with the policy o: 1inserting processes
iuto tne waiting list Hwﬁu.. Sowe ditferent ordering

criteria zay be followvead:

a) by #vw.whnwcnw time of the regquest
b) by static priority

€) vy evaluated priority

-7




equected s1zw
G) U%Hm

) s o a < a4t e a rior it 7
< > O h ¥ a3 PS C. vd P
ipce <¢ac Irocass 1n L as associ t O |
3 b and é P to count be- g
= (¢} H< v al Ov have been taken 11 account, «1ing n—'
i Qﬂ,.uv . T v |
<+ he ar HHOSH r case © J € QL have tne SGhe
3 d ase 1y WHP th R‘HOAU 55 ‘
. B - . P, - - -

wﬂwcnwrw level.

3 licies are as follous:
The possible avaking peolicies are &

] The first mﬁooawmm in the LLD list 1s Nplmkwrmn» ana, if
) b
- A = & P CSSON are
t «q s 5 i1l 1 7 E
1ts I« uest X t. unieas ible no aore TOoC

awarened.

2 The first mHCOﬂan :DQPEG a reguesl not wwﬁﬂcﬂ than the
v g

pew hole is axakened.

In the current i1apleneptation, the axaking vnwwnw nw
‘uls 1S ted
has Leen adopted alony with the insertion rule b) vaéoo
ove In this wvay, Skall Teguest [TOCesSsSes are not ;
Mkm<w%< delaved, but hight priority ané Hwaory hun Ty

> ion would ope
sses can be delayed. B better solati
processe

<! P = P Y = 3 o e ecS S,
recucing TroCuess ricrit acg the regue t ncer =

(insertion rule d and awaking policy 1).

3.3 inpui/Cucut

s

s iar as I/0 devices are coacerned, a waicgue fuiction poio

Las pvel  implesented to coutrol the I/0 ouperatiouns. Talz

.

tunction has  three parametcr LGIO Amm<~ncv.Mﬁmv vhere fevw

identifiies the peripheral device w0 be usea, cous the

poriicular 170 cowmeand and ste the device status set at the
¢1:d ol ithe operation.
The notable point is that such an instruction does ot

only dismitiate the Gata transrter, but  perforams it to
conpletion strictly accordinyg to the principle or seyuential

pIroyrda execution. In thais way side eftects ot adtosatic

interiugtion  are avoidea, INTELTUPLS liaply executiorn of

instruction Stguences  petween any two program instructions

axd tuelr occurrences cagn Lot be¢ foreseen.

The function DOID uses the bardvare interrupt mechanis:

but avoids tnat interrupts apPpears to users. Iu Such a 4ay a

Process executes exactly the sdaze Sequence  of  acticas

corresjoncing  to the PTOYY&n  text., This characteristic

helps in the sratie Caz2cking of Program.;.

Por tais purpose a Process executing &« DOIO 1s plockec

and it is waked Up only whin the I/0 Cowmand is terainated.

This event is signaled throuth & norzal Proc¢ras interrupt.

Ubviously wiaei a process is vlocked the cpu is Switched

1O anotser process. As a resul: Tu® prograsmer is eacouraec

10 vecoupose ais prograx in those concurrent P4rts tiaat are

narural to its ows inner logyic instead o1 according to a

S7Sten Coufiguration typicai tor 4 particualar igstallatiou.

-1G -
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3.4 control Linuuage Internreter . ' .

Tue CLI executes a setv oi couzmands which allow the user Lo
creeste sortware systess supporteu by PSL. b5y means of these

cuskaluy turee basic juusctions ares perfornea:

1) to Create systen modules:
2} to coomnect uodules;:
3) to assigu and/or zodity the system pacaaecters

To design the CLI & solution has been choscn tnat aliow
to buils tue CLI just like a software systex sSupported by
FsL.

To accoiplisn the three busic funcrious pointed  cut
alove,the CLI aust interpret and eXxecuts a sSet of cozaandc.

The CLI cosxmands are classified according to the thair
functions, into four subsets, dazely:

i) Process creation comgands,

" . .
<) Sodule counection cousands.

Parazeter uss

igngsent Cownauds.

&) Coutrol cosasands.

Typical cozmand for auy class, are the Ifollowsing:
CRZILYL PROCLSS (naze,zocule,priority)
in wxhich the <£irst paraseter identifies the process uanicue
nasc,the second identiiies +tae program zodule that will
necoie, Guring oxecution the sSejuentlal process specified by
the dfirst parameter, the third specifies .the -process
priority.

CUNXECT (aodule,vort,zailboy)

that connrects tae local port identified by the seccad

parameter, of the =odule  ideptified by the  1irst

parancter,to the 2:ilpor identiried by the third jarazeter.
RATLEOX DINZNSIOR (sailbox,si:ze)

that allocates a mailbox with the aeclared size.

STAET

Thls coimand asks the nucleus to exwcute the nev SOiidire

Systeu.




L more detailel discussion oi the (LI systes is
cuitained in a paper to be  priated: ¥"A  godular anuo

structured control language interpreter.

The pisa software laboratory has been mmmnnwmmm. This
Jaboratory is specially oriented to design nex  socular
sottware systeas. Furthermore the 2SL alloss to wxporiment
»atn allocation strateyies and guarantees tull protection o:

Pul and zodules.
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