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(control) 

The idea of >proce11< in MPS 11 similar to that 1n Krutar•1 1y1tem 
[J and al10 to the or11ina1 idea ot pr00e11 in the context ot 
operat1n1 1y1tem1 (Dennis?}. 

Each pr0ce11 has a control atate, 00n•i1t1n1 of a procedure call 
stack, and a 1tat1c environment, which i• a record containin1 a 
set of variables Whose lifetime 11 identical with that of the 
proceaa it1elf, 

Ae in (KrutarJ, many proce11es may share the same code; the 
static environment and the base of the call 1tack are allocated 
when the process i1 created. 

The procea1 1• also the level at which 1harin1 of information and 
delimitation ot name spaces occur11 all the procedures in a given 
code module (the static prototype of a process) share 
declarations for static data, and their instances in a given 
process all refere to the lame instances of thia data. 

This is .in constrast to previous software process sy1tem1 where 
the mechanisms for data sharing and common environments have been 
left to preexisting facilities like linking loaders (KrutarJ or 
forced into a tree structure (BBN LISP}. 

Each MPS process also has an owner, which receives control when 
the owned proce11 fails to handle an exceptional condition; this 
is discussed in more detail below. 

All three inter-process control facil1tiea in MPS (procedures. 
ports, and 1i1nal1) have essentiallY the same appearance to the 
user: a control tranafer allows passing an arbitrary ar1ument record 
and receiving an arbitrary result record. 

(•Arbitrary" meaning that the user has his choice at com~ile 
time, the discuasion ot data 1tructure1 elsewhere in thil paper 
de1cribe1 the u1er•s options in this regard.) 

MPS allow• con1tructin1 the argument record (in the caller) 
and decompo1inc it (in the callee) separately from the actual 
call; thi• reflect• our belief that each control and data 
1tructure1 in MPS should be individuallY available to the user 
tor his u,e in ways we may not have torseen, 

All three mechani•m• also involve an initiator or >subject< and a 
receiver or )object<J the way in which a 1iven aubject and Object 
become connected to1ether are the 1ubje0t of the next section of 
thia paper, 

oon•equent1y, in all case, call• and returns are potentiallY 
1ynmetr1c. 

AlthOUlh the 1yntax ot the three t&cilitie• i• •lirhtly different 
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OHI, 
recocnize that it should be unified in the future, 

at present, w~h MPS philoaophy that the user of a virtual 
in 11ne with ter~al piece of code) should not have to know how 
tacil1tYi

1
(1extv happen• to be implemented. 

that tac ~ 

ll 
u .vmmetrical pas1in1 of control from one proce•• to 

)port•< a 0 " g~ 

anotner, 
The runninc (1ubject) proce•• stops and the object process 
reiume• after the argument• have been paased, 

The object proce••~ control atate is intact from when it iast 

stopped. 
No storage 1• allocated or released, 

The object proce•• can teat which port control arrived through, 

80 
that a 11n11e process can provide several virtual tacilitiea. 

Obvious application• of ports include various kind• of 
tranaducer• (Conway} (KrutarJ, 

Another class of applications follows from the ob•ervation that a 
port connection can be broken and another process inserted in 
between without either of the original participants• knowledce: 
thus tracing and monitoring can be carried out in a flexible and 
simple manner, 

>Procedure•<, in addition to having all the propertie• that one 
expects from past stack-implemented languages like ALGOL or LISP, 
exist within processes ·rather than as free-1tanding entities; thus a 
croup of procedures can easilY share persistent data not accessible 
from the outside, 

Thia resemble• the ALGOL idea oi iown 1 , but in ALGOL both the 
iao1ati0n of •own• data and the accessibility of procedures 
follow the same nested naming structure, so that it is often 
inconvenien~ or impossible ,to nave free•1tandin1 packages of 
procedure• for carrying out task• like mana1in1 a private data 
baae, • 

(Thi• problem i• conventionally circumvented bY aome kind of 
linkin1 loader which disrecards the languace•s acope rules&) 

Note that, while a procedure•• 1tatic data environment ia that of 
the_proce•• in which it reaidea, its control environment ia that 
of it~ callerJ thus callinl a procedure in a given proceas does 
not disturb that proce••' au1pended control state, even it the 
procedure doe• a port cail on behalf ot the runninc proce••• 

~:t~~•l•<, Which corre•~ond r0u1hlY to PL/I CONDITIONS, allow a 
contr!~r: to intercept •elected exceptional condition• arising when 

•• temporarily left the proce••• 

w~en a •i1na1 11 generated, a control •tack 1• scanned to tind a 
P ocedure activation Which 1• willinl to handle thi• aicnal, 
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Thia 11 normally the control 1tack ot the runn1nc proce11; 
however, a 11cnal can be directed to a specified proce11, !or 
example to cau1e an internal 1tate chance in anticipation of a 
port call. 

The 11cnal then become• a call on a piece of code within the 
receivinc procedureJ no information 11 101t, 10 the 11cna1 
catcher ha• acce•• to the control 1tate at the time of ceneration 
•• well 11 the data of the 01tchin1 activation. 

The catcher may elect to re1ume from the point of ceneration 
(pre1umablY havinc taken 10me kind of corrective action), abort 
the computation back to the catchin1 activation, or propa1ate the 
•11na1 onward (continuing the scan from the catcher'• activation 
or in another process), 

If the catcher cho01e1 to abort, each activation being killed 
haa a chance to accept a 1pecial 1icna1 called UNWIND and 
clean up any data structure, Which may be in tran1ient 1tates. 

This ability, which 11 not pre1ent in any other known system, 
attacks a serious problem Which arise, in any system with 
software interrupts, namelY that routines which manipulate 
data 1tructure1 must resort to some kind of unpleasant 
interlock system to prevent themselves from being aborted in 
critical sections. 

The abilitY to reject a signal, possibly redirectin1 it to a 
apecific process, after accepting it and examininc the message 
or doinc some other computation allows natural handlin1 of 
1pecial cases of a ceneral exceptional condition; no other 
known system has this facility. 

If no catcher can be found within the target process, the scan 
continue, in the owner of that proce11, and 10 on. 

In this way the ownership 1tructure can be used to provide a 
handler ior a riven exceptional condition for a whole 1roup ot 
proce••••• 

Note that 1icn111, like port1 and procedure•, and unlike PL/I 
CONDITIONS or LISP RITFROM, may involve pa111nc I ceneral 
arcument record, 10 they can be viewed 11 calll on virtual 
(external) taci11tie1 in exactly tne 1ame way. 

Since we expect 11cn111 to be u1ed heavily tor internal 
communication within croup1 of module•, we have taken some care 
to make enablin1 a 1i1nal (PL/I ON unit) very cheap and the 
ceneration and catchinc 1till comparable in co1t to a procedure 
call, 

All exceptional condition1, 1ncludin1 locical fault• such as 
attempt• to use unconnected port■ and machine condition• such a• 
attempt• to write on read•onlY information, are converted to 
1icn111, 10 that the u1er ha• full acce11 to the trap tacilitie• 

' 
\ 
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ot the extended machine. 

one 1ntere1tin1 application of 1i1na11 miaht be in an interactive 
1y1tem where a ceneral line input routine micht recocnize a 
particular word or character 11 a reque1t tor a11i1tance and 
cenerate a "help" 1i1na1. 

The innermo1t (i.e. mo1t specialized) facility that had prov111on 
tor helpinc would catch the 1i1nal and provide appropriate 
commentaryJ the 1i1nal would automatically propacate up to le•• 
1pecifi0 level• a• needed. 

Thi■ illu1trates the key motivation tor signals, namely a desire 
to avoid torcinc the complexity of an environment (internal or 
external~ on all procram• in the environment. 

~e can 1ummari1e the torecoinc discussion bY civinc p1eudo•procram1 
tor each of the three mechanisms. 

In the tollowinc, D refer• to the static data base recister and 
LB to the proce11 data base regi■ter. 

(Procedureoall) 

create arcument recordJ 

save return and Don current ,tack; 

Branch throuch descriptorJ 

toad new DJ 

create local variable record on stackJ 

copy ar1ument1J 

(ProcedureReturn) 

create return value recordJ 

Branch through return (on 1tack)J 

l,OaQ OlQ DJ 

copy ar1u111ent1J 

De1troy 1oc11 variable recorCSJ 

Dt1troy 1r1ument ancs return value recordaJ 

(Port,) 

create ar1uaent recorCSJ 

lave return in proc111 1t1te 1r111 

-~ .. ~ .... ,... ___ ...,. ... _______ - - - ... -

\ 



Branch thr0u1h deaariptorJ 

oopy 1r1ument,1J 

LOld new LB and DJ 
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<s11n11) 

create me11a1e (ar1ument,) recordJ 

Search 1tack tor catcherJ 

l none 

V 

t 

l 

00 to owneria lt&CkJ 

l found 

V 

save return and D (and LB if necessary) on selected stack; 

create local variable record (for message onlY)J 

copy arcumenta; 

toad D (and LB .if necessary) for catcher; 

Branch to catcher code; 

(Si1na1Re11ume) 

(Identical to ProcedureReturn except that LB may change as 
well .•• the D,J 

c s11nalAbort >. 

(cnot,e1) 

Ct>indinc) 

sack to catcher•• activation? 

J no 

V 

,. 
' 

Delete top trameJ 

Since a primary coal ot MPS 11 to 1eparate the 1pecificati0n ot a 
tac111tY trom the implementation ot that tacilitY wherever po1sible, 
mo,t ot the intoraation about tbe meanin1 ot name• which the 
procramaer au,t 1upply at compile time 11 intertace 1ntormat1on, 

Thu, the principal declaration tor data object• 11 a record 
declaration, •tatic environment• ot proce11e1, dynamically 
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created data record•, parameter li1t1 of procedure,, ports, and 
,1cnal1, activation record• (frame■, local variable•, ••• ), and 
the MPS relative of named OOMMON are all declared in e11entiallY 
the 1ame way. 

Thi• declaration doe1 not commit it1elf in ceneral to when 
1n1tance1 of the declared record• Will be created, who will 
create them, or how the various in1tance1 will be shared, 
althOUlh proce11 environments are tied to proce11 creation and 
destruction and activation recorda are tied to procedure entry 
and exit. 

In a aimil&r vein, the pro1r1mmer must declare the interface 
1pecific1tion1 of all the procedure,, port,, and 111na11 he u1e1 
in a particular module, but need not (and in 1ome re1pect1 
cannot) say anything about how to join these up to actual 
external facilities. 

\ 

we have in mind that dur.inc early development of a program, when 
the human overhead of writing declarations might be onerous, and 
a11O in those few ca1e1 where it 11 impossible to specify the 
interface properly within the lancuage, we will have some kind of 
interpretive mechanism which Will verify the compatibility of 
data acro11 control interfaces at run time. 

To allow .the speciiication of a complex of facilities to appear in a 
single place, MPS provides tor data modules as well as program 
modules. 

A data module simply contains declarations Which may be 
effectively made part of any program module with a single 
statement ot the form INCLUDE (data module name) in the program 
module. 

The .intention is that ALL the declarations Which conatitute the 
data interface between a croup of modules be placed in a single 
data module, Which is .then INOLUDEd bY each program module. 

In this way administrative control over interface changes, a 
constant source of headaches in the development of large systems, 
can be ce~tralized, but ,the implementation of a facility can be 
chanced Without any of ~ts users~ knowledge. 

Thia .is not sufficient bY itself to a1ses1 the potential 
impact ot an interface change; however, we intend to rely on 
NLS (the information structuring system which provides editin& 
c&pabil1ty tor MPL procram1) to ass11t us further in this 
recard. 

A •imilar idea was implemented in {SUEJ. 

!~.~~n :1me, t~e procrammer h11 tacilitie1 tor concretisinc tne 
ac~ re11tion1hip1 which he declared at compile time. 

!~~· there are CREATE &nd ALLOCATE f&Cilitiea tor creatinc 
ce,,e, &nd data record1, and a JOIN 1tatement tor connecting 

I 

\ 
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an external control reference with it 
procedure reference with 1nitance Of :rtar~et (1.e. external 
with port reference, and •iinal ienera•oorce ~:eh, port reference 

w W~w s11nal catcher). 

The tr1p1 for unlinked control transfers are converted t 
so theY may be proce11ed at the time of the transfer. o ,1,na11 

(OnlY hardware limitations prevent u1 from doing the same for 
data reference,.) 

In tact, there ii no clear 1eparation between a "link" pha1e and 
a "run" phaseJ linkinc 11 carried out by procrams which may be 
called at any time, 10 that the user may choo1e between 
traditional pre•linkin1 and MUltic1•sty1e dynamic 1inkinc on a 
ca1e•by•ca1e basis. 

The aymbolic names of all variables are readily accesaible at 
run time to allow the• Multics ideas of local name• and 
symbolic linking to be exploited. 

For example, a_programmer could choose to bind those procedure 
name• which refer to standard library facilities at the time a 
pro~e~• was created (and perhaps create instances of those 
facilities at the same time), but deter binding his own modules 
teether 10 he could regain control at the terminal when an 
inter-module call was made. 

H~ might want.to define conventions tor pro~edure names and write 
his own dynamic linker .to use these conventions to decide where 
to 100k for the object of a given call. 

He could have a program which used a symbolic file to specify the 
i~terconnections of hil configuration and made all the 
con~ectio~1, or placed monitoring processes on all connections on 
a 11ven lilt (we expect to have some programs like this aa part 
ot a standard library). • 

Thia example indicates an important 4ifference between the MPS 
binding iacilitie1 and those ot linking systems like the /360 
link editors bindin11 can be changed or even undone at any 
time. 

The latter 1mplie1 that the user can force relinking bf name, 
either overall or local, to introduce a new module into a 
running conticuration to replace an exist.inc one. 

In the ca1e of a module that maintained a complex table, the 
Procrammer micht choose to create the table when the process was 
created and have a aeparate proce11 tor.each 1n1tance of the 
table, or he could pas• tne nece11ary context. information with 
•Jch Procedure call (thi• decision would nave to be made at 
compile time), 

No~e that •ince all bindin11 of external name• are under u1er 
~:~tro1, a 1y1tem cJn be configured or reconticured wit.nout 

ritin1 any part of it. 

/ 
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In tact, we believe that a properly written sy,tem completely 
separate• the program• that provide facilities from the program• 
that connect them to1etherJ this organization can be extended to 
multi•level 1y1tem1. 

The tollowinc table •ummarize1 the bindinc properties ot the var1ou1 
kinda o! named objects in MPS, 

Type Of 

object 

Declared to 

compiler 

Specified at 

run time 

----------------------------------------------------------------
INCLUDEd 1 File name for moduleJ 

data module I Name, of default base 

1 pointer, (per scope~ 

J Creation and de1truction 

ot in1tance1; 

1 Assi1nment ot in1tance1 

to pointers 

----------------------------------------------------------------
Process 

data 

: Names and type1 of 

1 variables 

1 Creation and destruction 

1 of instance• (processes~ 

----------------------------------------------------------------
Procedure I Name, and types oi 

local. data I variable, 

I 

I 

1 Creation and destruction 

t of in1tance1 (activa• 

t tionsJ automatic on 

entry and exit) 

----------------------------------------------------------------
General 

recore11 

s Name• and type1 oi 

s component•J 

s Name• ot detault. ba1e 

a po1nter1 (per ■cope~ 

t creation and destruct.ion 

of in1tance1; 

1 A1111nment of instances 

a to pointers 

·································-··-··----·····----------------
lxt-ernal 

procedure 

a Name, and t~P•• ot a connect.ion to actual 

a ar1u1eni1 and re1u1t.1J a <proce11, procedure 

s /File name to 100k onJJ I ent.rf) 
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1 (Projection1/renamin1J 1 

----------------------------------------------------------------
External 

port 

1 ••Same 11 procedure•• 

I 

1 connection to actual 

1 (proc•••• port> 

----------------------------------------------------------------
External 

aicnal 

1 ••Same a• procedure•• 

I 

I 

I 

1 connection to actual 

1 111nal codeJ 

1 Oatchinl activation 

1 (at generation) 

----------------------------------------------------------------
(bno~e•> 
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