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Aßä TRACT 

OPL-l, an tncr*n«ntal programmlnR systtm presently operating 
with CTSS, permits the user to augment both his program and Ms data 
base during widely separated successive sessions at his terminal. 
Facilities are provided which make It possible for the user to operate 
on his already established data base both by means of built-in operators 
and In terms of operators (functions) which the user has previously de¬ 
fined In the language of the system. Underlying the system Is a power¬ 
ful list processing scheme Imbedded In FORTRAN (SLI°). The machinery 
of this fundamental language drives the system and Is also largely 
available to the user. The data base generated by the user la there¬ 
fore a sat of list structures (trees), and most of the operators avail¬ 
able to him are list processing operators. Data structures with con¬ 
siderably complex Interrelations! properties may therefore be treated 
quite directly. 

"Work reported herein was supported (in part) by Prolect MAC, 
an M.I.T. research progrm sponsored by the Advanced Research 
Projects Agency, Department of Defense, under Office oí Naval 
Research Contract Htanber Nonr- 4102(01), Reproduction In whole 
or In part is permitted for any ournose of the United States 
Government." 
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A tim*-«har«d computer »vetetn auch aa at M.I.T.'a Project MAC la 

rich In opportunltlea to attack problema In new vaya. From the uaer'a point 

of view, hla typewriter (connected to the computer) 1« very much like the 

relatively »Imple control conaolea of the computers of long ago. The speed 

of reaponae to the signala he sends to the computer tend» to confina the 

illusion that he haa a computer all to himself and that he has been thrown 

back In time to those long gone days when console debugging was de rigueur. 

It la probably true that the old timers gave un thl* mode of computer 

operation moat reluctantly and onlv under the unchallenrable economic re¬ 

alities of large, fast computers. The sudden reversal of events Is therefore 

greeted with the kind of pleasure associated with the reluvenatlon of an 

almost forgotten romar.ce. And, lust as It would be a mistake to believe 

that the rediscovered object of one's long ago affection has remained un¬ 

changed over the years, so In this context Is It wrong to gloss over what has 

happened to computers since one last sat at one's own console. The most 

dlrectlv Influential changes have been the Increases in memory capacities, 

both core and bulk, and the development of high level computer languages. 

Indeed, were It not for disc and dnm storage, time-sharing would be Impossible 

for there would be no efficient means for »wanning programs In core or giving 

active programs rapid access to previously stored files. High level languages 

are almost certainly required to write the complex executive programs which 

form the basis for any time-sharing system as well as to make these programs 

amenable to maintenance and change. Of course, the availability of high level 

languages opens the door to the system to users whose main concern Is with 

their problems and not with the computer per sc, 
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Th* Most obvious i and In a sans« most primitiv«, «ff«ct th« usar 

of a tlas-sharlns consol« ..otlc«s Is, of cours«, an Impressive reduction 

la turn-around-time vls-s vis batch processing* H« tvpes In, sav, s FORTRAN 

progrès, compilas It and Is given his diagnostics within a vary few, If not 

vithla fractions of, minutes. Ha can th¿n placa hi* missing parentheses, 

relabel his mislabeled statements, or whatever, and recompile, nils would 

obviously not be possible If the compiler Itself were not accessible In the 

form of a previously stored file. The psychological effect of being able to 

recompila several times In one sitting rust be experienced to be appreciated. 

But the most suggestive aspect c* the freedom with which one msv 

cossplle, repair, end recompile Is not In the k. re reduction of tum-around- 

tlme. It Is rather in that this tyne of man-comoutrr message exchange (man 

submits program—computar points out bugs—man submit* revised proprem, etc.) 

la an (albalt primitiva) exanple of a qualitativeIv new realisation of rean- 

machlne dialogua. The whole point of time-sharing Is to enlarge the oppor¬ 

tunities for carrying out truly significant man-machine Jlalofcutr—not to 

merely reduce turn-around-time. The &oal la to give to th* computer those 

taeke which It can beet do end leave to man that which requires (or seems to 

require) his judgement. It Is to ba expected that In manv problem areas the 

computer will begin to help man bv doing only the most obviousiv mechanical 

parts of his problem but that, *• th* nan-machine dialogue extends over a 

long period of tlsm, more and more of the previously fussy Issues over which 

man retalnad authority will become clear and finally be turned over to the 

computar. There will, In other word«, com* Into being heuristic computer 
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orograns In which the heurUtlc* themselves will be products of man's computer 

experience, of his deepening understanding of his problem as a direct con¬ 

sequence of solving It In partnership with a computer. 

Whatever the computer language techniques which aav be required to 

compose such emergent programs may finally turn out to be, thev are certainly 

not those which have proved effective for the batch processing discipline to 

which we have all become accustomed. That discipline requires a user to 

anticipate every possible eventuality in the sense that for every such 

eventuality a program dealing with It has to exist at load time. In an 

Important sense then, it may he said that batch processing requires the 

programmer to have a fatrlv complete Idea of the solution of his problem 

before he can even begin to appeal to the computer. The computation Is merely 

the evaluation of certain parameters identified by the programmer In advance. 

in order to exploit the opportunity for programmer Interaction 

with an ongoing computer program which the MAC tlme-aharlng syatea provides. 

the Idea of presenting the computer with a completely specified (in a sense. 

black box like) program must be abandoned In favor of a technique which 

permits the uaer sitting at his console to Initiate computation» which 

carry only to a point of uncertainty, at which point then the user can make 

further programping decisions based on judgements exerclecd In the light of 

results so far attained. 

The basic purpose of OPL-1 is therefore to permit the user to build 

programs and data bases Incrementally and over periods of time during which 

there will be long intervals of no user-computer Interaction at all. The 

SAVE and RESUME features of the MAC system are essential to this end. The 
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first of thtas psraiti a user to cause the entire state of his nrogr<n to 

be stored on the disk files under a file name chosen by himself. The 

second causes a saved file to be retrieved from the disks in such a way that, 

even though weeks may have elansed between the SAVE and RESUME operations, 

the program which was underway at the time of the SAVE is continued as if no 

interruption had occurred. 

Experience has shown that one of the most nowerful data storage 

schemes relevant to present computer organlrations is tne list structure. 

Its chief advantage over "conventional" storage methods is that the verv 

storage regime itself (as opposed to programs dealing with the stored data) 

permits the recording of complex Interrelationships among the data. List 

structure representations of nrograms also yield considerable economies 

In programs to process such nrograms. OÏT-I is therefore fundamentally a 
(2) (3) 

list processor very much in the spirit of LISP and (less so) of IDL-V, 

The executive program which drives opl-I is itself written In a FORTRAN 

(4) 
based list processor, SLIP, all of the machinery of which is available to 

the OPL-I programmer. 

In OPL-I the progransner enters nroerm segments and data during 

any given session at his console, executes some of his nrogran aten», thereby 

perhaps modifying his data set, and finally quits bv saving his accumulated 

program, frozen, so to sneak, at its last step. He mav resume his orogram at 

any time thereafter, save again, and so on. 

Segments of urograms operating under these condltioni* fall into 

tv ' classes: those which ere executed reneatedly, i.e. essentially subroutines 
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and those which are exercised onlv once. Were the latter tvoe accumulated 

In storage along with the former, conmutar metnorv would soon be filled 

with useless material. It would then become the user’s task to puree his 

nroeram of such material. Tills would olace an unacceptable bookkeeolnr 

burden on his shoulders. In OPL-I, therefore, almost all oropram serments 

are deleted as soon as their execution is completed and the space required 

for their storage returned to a oool of generalIv available space. The 

exception to this rule is Invoked If thr entering c>* * nrogram segment Is 

preceded bv the word "i)F.rl.lb". Such a nropram segment Is treated as a 

procedure, Is permanentlv stored, and may he called upon at anv future time. 

The ability to so define and store subroutines means, of course, that the user 

has a svstem which he nay mold and modify to his own ends. It Is also impor¬ 

tant to remember that although propran segments which are not identified as 

procedures are thrown avav uoon beinc executed (hence making programs of 

unlimited lengths possible), the conseouences on data of the execution of such 

programs are stored. 

An example mav serve to illuminate the point. If the prograumer 

writes: 

((A - 1.5) (b - 2.1) (C - i»WnR(A,b))) 

then, upon pushing carriage return on his typewriter, this small program 

segment Is executed and flnallv thrown awav. dowever, the data A, S and C 

will have been placed In memorv with their proper values,C being (1.5) * , 

and may be operated upon by subsequent program segments. If on the other 

hand, the progranxner writes: 
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(DEFINE) 

(MEAN U) 

(S - SEORDR(L)) (SUM - 0.0) ((COUTT - 0.0) 

BEGIN (C - SEQLR(S#F)) 

IF(F)MORE,MORE.DONE 

MORE (COUNT - (COUNT + 1.0)) 

(SUM - (SUM + O) GOTO BEGIN 

DONE ( (SUM/COUNT)) ) 

th«n h« will have storad a procadure which, given a list of manber*, will 

coaiputa the naan of those numbers and deliver that result as Its value. 

However, the coboletlon of the Input of the above program aegment—as signalled 

by the carriage return following the tvplnp of the last right parenthesis— 

does not Itself cause the procedure to be fired. Execution of a stateneit 

of the fora (for example) 

(X - MEAN(SET)) 

will fire that procedure. 

It la bayond the scope of this presentation to give a corcplete 

catalogua 01 all tha built In functions, control statements, Input/outout 

and diagnostic facilities of OPL-I. Suffice It to assert that, viewed as 

a language, OPL-I Is of s character quite similar to the LISP program mode 

and of about equivalent power. 

The importance of the fact that OPL-I Is fundament allv a list 

processor operating In the Incremental data and program aqulsltlon mode 

already discussed Is that this combination makes possible the experimental 

manipulation of complex data structures and their interrelations. List 
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»tructurfs are particularly appropriate because aublists of lists nav be 

easily and naturally Interpreted as subparts of whatever the list stands 

for. Furthermore, lists have no Inherent dimensionality, i.e. their sire 

may vary drastically durin* program execution without causing program¬ 

ming difficulties. It is also possible to attach so called "description 

lists to lists, i.e. storage devices which contain Information about 

properties of the oblect their host list Is supposed to represent. 'Previous¬ 

ly existing list processors had all the power which auch an Imenselv 

flexible data organization vUlds. However, programs written In these 

svsterns still had to be complete specifications of a single computational 

procedure however long and complex—and did not therefore permit direct 

human observation of tentative results nor innedtate human redirection of 

the ongoing computational niocess In the light of such results. 

A simple example of some of the above points Is the following 

Suppose an organization is described In a ntandard organization chart 

format, I.e. the top level of management Is the head of the tree with as 

many branches flowing from it as there are sublevels (say divisions) report¬ 

ing to It. Lach division Is again a "node" of a tree with branches flowing 

from It. In this wav an arbitrarily large and complex network can be 

raprasantad. Within OPL-I each such node Is actually the head of a list 

which Is a sublist of the higher order node from which it flows, i.e. to 

which the suborganization so represented reports. The top level of manage¬ 

ment is (appropriately) the "main" list. Each of these lists may have 

description lleta attached to It which contain arbitrary Information about 

the representad conponant, e.g. the name of the component manager, the als« 
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of th« budget and of the aanoower oool, data on last vear's nerforroance, 

etc. The organization structure Is therefore known by the very wav It Is 

represented In computer storage, not by means of oroprams which define It. 

It Is now easv to write programs which make all sorts of computa¬ 

tions on this data base. ror example, one program might allocate the budget 

of each higher level as a function of the requirements of lower levels 

reporting to it. It Is now a trivial matter to radlcallv reorganize the 

entire structure on an experimental basis and to see what effect such 
i 

reor miration has on the over-all budget, Inventory costs, etc. This re¬ 

organization can easllv Include the aquisltlon of nev or the deletion of 

existing subllvislons. All nrograms which were written to perform computa¬ 

tions on the original organization remain Invarlcnt with respect to any 

such reorganizations. In anv event, the new results can be seen directly 

and further computation based on the insights so gained initiated Immediate¬ 

ly or very much later. If the reorganization Is to stand, then the program 

which contains that representation can be saved and will, of course, be the 

already undated représentât Ion required next time that program Is resumed. 

A facility soon to be available to time-sharing users will permit 

a number of people sitting at separate consoles remote from one another 

(and, of course, from the computer) to Interact with a single program. This 

points the way to the next most obvious powerful extension of f-PL-1. In 

the multiple user mode it will become possible to simulate group processes 

(e.g. business games and behavioral science experiments) with utmost realism. 

For them the consequences of any single individual's decisions will immediate¬ 

ly modify the model either in terms of Its data base or of its verv progrjn. 
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The ilíiiuUtlon then can react dynamically, chanetn* It* rule* with the 

play, so to »peak, lust a* an Individual's action in real life modifie* 

his and everyone else’* context. Such relatively »imple extensions of the 

power of an Incremental data processor operating with a time-sharing 

environment are clearly Impossible to Implement In a batch processing 

system. 

It is perhaps not out of order to note that the entire OPt-I 

svstem was Itself written In and debugged within the CTSS system. It 

therefore provides a basis for Judgement as to the relative ease with 

which large, complex codes can be brought to life within such a framework 

as opposed to the more "orthodox" hatch processing one we all know. There 

can be no question but that that Judgement Is weighed heavily in the direction 

of CTSS 
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