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utive can run, and it must itself run under control of the 
utility executive, which is frequently different from the op­
erational executive. 

Economy. A major command and control compiler require­
ment is for economy of implementation, operation, and 
maintenance. This requirement is imposed not so much by 
the tyranny of a fixed budget, as by the tyranny of a fixed 
schedule. A compiler for a "big" language like PL/I takes a 
lot of time to build-as IBM has found out-and since a 
custom-built rather than an off-the-shelf compiler is usual­
ly required, this can have a great impact on the over-all 
schedule for a system. A big compiler for a big language is 
almost necessarily a slow compiler. Although economy of 
operation is always desirable, when there are, say, 100 pro­
grammers frantically trying to debug their programs at the 
same time, a slow compiler can mean they get many fewer 
shots at the computer-even a time-shared computer-and 
this can have. a great impact on a schedule. Economy of 
maintenance does not affect schedules as much as it does 
budgets, but it is still a worthwhile goal. 

Reliable, Efficient Target Code. Because of the exceptional 
difficulty typically encountered in debugging on-line, real­
time systems such as command and control systems (this is 
largely due to the difficulty of selectively replicating the 
circumstances preceding a malfunction) it is especially vital 
that a command and control compiler produce reliable tar­
get code. Anything that adds to the system debugging 
chore, like code from a new and unreliable compiler, must 
be avoided or at least taken into account. 

So far as efficient target code is concerned, there may be 
extreme cases where the computer is so big and fast in rela­
tion to the job that just about any code will do, or where the 
computer is so slow and small that it can not solve the 
problem no matter·how well it is coded. However, compil­
ers can be built that turn out code that is good enough for 
most command and control systems. Since the computation­
al requirements for most systems are almost always under­
estimated, it is typically just barely possible to do this. Thus, 
efficient target code is often the most stringent requirement, 
to which everything else-such as compiling speed and non­
essential language features-must be sacrificed. 

All these requirements can be met by a good compiler for 
a suitable subset of PL/I. But it would be unwise to try to 
include too much in that subset-aside from the features 
that are obviously needed in any programming language, 
and the features mentioned earlier that are needed for com­
mand and control. Again, any additional features should be 
irilplemented only if they will save time or money. 

pl/i1s command and control prospects 
My comments on PL/I's prospects in the command and 

control field will probably be unsatisfactory because they 
boil down to this: Your guess is as good as mine-at least for 
the long term. But for the short term, say the next three or 
four years, I think PL/I's prospects are surprisingly poor for 
becoming the standard command and control programming 
language. I say surprising, because the language (or rather 
a dialect of it) can meet all the requirements I have set 
forth-any awkward coding, as in the examples, can be han­
dled in the library or by the compool-and is thus quite 
suitable for command and control, and also because a great 
many people, supporters and detractors both, think it is 
the wave of the future, and this by itself generates consid­
erable demand for its use. 

There are many reasons why this demand will. not soon 
be widely satisfied in command and control. One reason is 
simply inertia. The Air Force has only recently established 
JOVIAL as the standard computer programming language 
for Air Force command and control systems, and I do not 
anticipate an early change in this policy. The Navy adopted 
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JOVIAL several years ago as the standard language for its 
strategic (i.e., shore-based) command and control systems, 
though it uses CS-l for programming its tactical (i.e., ship­
borne) systems. Only in the Army, which seemed until re­
cently on the verge of choosing JOVIAL as its standard com­
mand and control language, are there any prospects for the 
use of PL/I. Dialects of PL/I are being developed for the 
Sentinel antiballistic missile system and for the Tacfire artil­
lery fire control system. In addition, there are signs of a 
reluctance, at certain high levels within the Department of 
Defense, to encourage the use of any programming lan­
guages but COBOL and JOVIAL. 

Another factor that will slow the acceptance of PL/I for 
command and control programming is the lack of an estab­
lished and suitable dialect. Nobody has implemented or 
even announced a command and control dialect of PL/I 
yet. The Army's projects are evidently still under develop­
ment. An IBM project to develop a military subset of PL/I 
is still at an early stage, and a small SDC project has only 
recently begun to look into requirements. 

For the long term, however, if PL/I ever does become 
the universal programming language, supplanting FORTRAN 

and COBOL for scientific and commercial applications, then 
it would clearly make a lot of sense to use it for military 
applications too. Some say this is sure to happen. Others say 
PL/I will remain a toy, like ALGOL. At any rate, I would not 
recommend changing the Air Force command and control 
programming language standard from JOVIAL to PL/I until 
somebody can demonstrate that a lot of time or money can 
be'saved by doing it. • 

"lip 10036 is a nice place to visit but I wouldn't 
want to live there." 
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less than those provided by OS/360. And its many data 
management services, applications packages, utilities and 
compilers caIlnot be used. American decided to use OS/360 
but provided their own highly tailored system services to 
gain the performance which could not be obtained by the 
more generalized OS/360 services. 

The outlines of this solution were clear by early summer, 
1967. American would use the "black box" to offload the 
IBM 7090 and provide a mechanism for gradual transfer to 
System/360. The System/360 would use OS/360. This ne­
cessitated special service routines for efficiency, but will 
allow the execution of standard 360 programs to be accom­
plished in the background when the system is not heavily 
loaded, which turns out to be most of the time. 

There was one objectionable factor. Once again the res­
ervation application would have to be written in assembly 
language. The standard IBM compilers produce code 
which interfaces with standard OS/360 services but cannot 
be used by either ACP or an OS/360 system with tailored 
interfaces. Register conventions, storage allocation methods, 
and system service macro calls differ. 

Another problem was the poor performance of standard 
compilers in doing the sort of task one encounters in real­
time systems. FORTRAN compilers tend to be oriented to­
ward the efficient handling of floating-point data in arrays. 
SABRE has no floating-point data and only single dimension­
al arrays. COBOL is oriented toward I/O and packed dec­
imal arithmetic while all SABRE I/O is through system mac­
ros and packed decimal data is seldom used. PL/I has the 
required data types, but even the newer versions of that 
compiler could not produce code for a sizable procedure 
which would fit in the 1688-byte limit of a SABRE/360 mod­
ule. 1 

The American problem is universal. The general-purpose 
operating system is not efficient enough to support thou­
sands of terminals; therefore, one must either construct a 
new monitor, such as ACP, or provide highly tailored inter­
faces to the standard system, such as SABRE/360. In either 
case, one requires object code which is not produced by 
standard compilers; and even if this problem could .be sur­
mounted by some expedient such as modifying the compil­
er, the quality of the object code produced by most compil­
ers would not be good enough to support the application. It 
should be emphasized that this argument applies only to 
very large systems. Standard monitors, tele-communications 
systems and language translators may suffice if performance 
requirements are low. 

choosing a language 
The advantages of higher-level language programming 

are widely recognized, and American was well aware of 
potential benefits, especially in relation to the constant 
maintenance . which the SABRE system undergoes. It was, 
therefore, arranged that the author would develop a suit­
able language specification and enough of a compiler design 
to project costs and object code performance. 

Language design is a major task, so it was decided to use 
a subset of an existing language. As most SABRE data is in 
the form of character strings, binary numbers, bit strings, 
and pointers, which are all available in PL/I, that language 
was the choice over COBOL or FORTRAN, which are both 
deficient in at least some of these areas. PL/I was also the 
choice over JOVIAL, due to the flexible storage allocation of 
PL/I, which partly corresponds to that of the SABRE system, 
the existence of structures and pointer data and, finally, a 
generally better system of punctuation, made available by 
the new IBM 029 keypunch character set. 

The PL/I language is, however, very large, and there 
was much that we did not need. McKeeman, et aI., have 
pointed out that: 
"It is worthwhile to note that the addition of features to a 
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language is not a linear process as far as the translator is 
concerned. Constructs interact with each other, and the ad­
dition of a single feature may, iri a bad case, double the size 
of the translator."!! 

Another factor which makes it desirable to have a small 
language is that there is less for a programmer to learn and 
reports have indicated that full PL/I presents certain 
learning problems.3 

A brief description of the SABRE PLjI language is in or­
der here. There are the following data types: 

1. Binary half and full word-BlNAUY (15) and BINARY 
(31) 

2. Addresses-POlNTER 
3. Packed decimal-DEcIMAL (n, m) 
4. Character strings-cHARACTER (n) and PICTURE 
5. Bit stringS-BIT (n) 
6. Label variables-LABEL 

Data may exist in structures, and arrays of a single dimen­
sion are allowed. Abbreviations and factoring of data attri­
butes reduce coding time. There is no I/O or name qualifi­
cation. Compile time facilities are limited to INCLUDE. The 
assignment, IF, GO TO, CALL, RETURN, DO, END, ALLOCATE, 
FREE, EXIT, and PROCEDURE statements are allowed. All 
PL/I operators can be used in expressions as can program­
mer-defined functions and the built-in functions MAX, MIN, 
MOD, ABS, SIGN, SUBSTR, INDEX, and ADDR. Data types may 
be freely mixed for the most part, but some conversions 
whose effect is obscure and usefulness suspect are not per­
mitted. Thus the PL/I conversion between bit string and 
character string, which results in the bits zero and one be­
coming the EBCDIC characters zero and one, respectively, is 
not allowed. 

Differences with standard PL/I tend to be very minor, 
and, in most cases, could be replaced with a SIFT program. 
Typical of such minor differences is that SABRE PL/I allows 
hexadecimal constants, which could be replaced with bit 
strings. There is one major extension. SABRE system macros 
are allowed. Some SABRE macros have direct PL/I counter­
parts. The SABRE Get Core macro can be translated into a 
PL/I ALLOCATE, but for others, such as that which obtains a 
file address, there is no correspondence; and in these cases, 
the simplest solution was to' allow the use of SABRE macros 
in line. SABRE PL/I is very small when compared to full 
PL/I, but most applications programmers find it an easy 
way to write their programs. 

saving core space 
Object code efficiency was a major concern in building 

the compiler. Different languages and applications have dif­
ferent criteria for efficiency. In SABRE and probably many 
other real-time systems it is generally more important to 
save space than time. (There are exceptions but these are 
candidates for assembly language coding.) The reasons for 
the importance of conserving central memory are pOinted 
out in James Martin's excellent book "Design of Real-Time 
Systems." He points out that: " ... an error in estimating 
core requirements can have far reaching effects that upset 
the balance of the system ... "4 He then shows, by example 
how an error of 33% in estimating application program size 
can seriously degrade an otherwise sound system and a 
somewhat larger error can make the system inoperable. 

Other languages have different criteria which is a reflec­
tion of the applications for which they are intended. In 

1 The figure 1688 is an efficient size for the IBM 2314/2844 Multiplex 
Storage Control Feature, which is a modified IBM 2314 designed to 
satisfy the demanding requirements of the airlines. 

2 McKeeman, Horning, Nelson and Wortman. The XPL Compiler Genera· 
tion System, paper delivered at FJCC 68. 

3 Rubeg, et aI., Comparative Evaluation of PUI, Defense Documentation 
Center, DSA April, 1968. 

4 Martin, J. Design of Real·Time Computer Systems, Prentice Hall, 1967. 
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Many companies can 
sell you a paper tape 
punch. But Digitronics 
gives you your choice of 
RETMA panel-mounted 
shelf or desk mounted 
punches by themselves, with a supply reel, with 
supply-reel and take-up winder or with a cOlT)plete 
tape handling system. At the heart of each is a Digi­
tronics Model 1560, a solenoid-actuated, asyn­
chronous perforator capable of punching 5-6-7- or 
8-channel tape at rates from a to 60 characters per 
second. Control electronics, including a sequencer 
card, two solenoid driver cards and a power supply 
are optional. The whole business is small, inexpen­
sive and will practically work forever. 

So, if you're ready to roll with the punches, 
contact your nearest Digitronics Representative. 
You can find him in EEM or EBG. 

Or write Digitronics Corporation,Albertson, 
L. I., N. Y. (5 1 6) 484-1000. 

j> Digitronics Corporation 
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SABRE PL/I ... 

FORTRAN, efficiency normally implies pulling calculations 
out of loops, especially those related to indexing. This may 
result in more object code which will be executed faster as 
the inner loops are tight. COBOL, on the other hand, is nor­
mally concerned with record I/O performance and assuring 
that very large programs can be compiled without very 
large inefficiencies resulting. In SABRE, most statements are 
relatively simple. Bits are set on or off and tested. Data is 
moved and compared. A statement of average complexity 
is: 

I = I + 1; 
SABRE PL/I has a very large advantage over standard com­
pilers. Since the maximum size of a SABRE module is 1688 
bytes, the compiler, which operates as a standard job under 
OS/360, is compiling on a very large machine a program of 
rather small size. All data for compilation can reside in core, 
and repetitive examination of the source code and inter­
mediate text is possible. The compiler is thus able to search 
for frequently occurring exception cases and give them spe­
cial attention. 

A sample compiler listing with object code is shown in 
Fig. l. It illustrates the object code produced in a few situa­
tions. From this, it can be seen that simple operations are 
done reasonably well and that there is little administrative 
code to.set up bases and perform similar functions related to 
the peculiarhiesof the computer in question. Finally, it 
should be pointed out that the object code is address free 
and read only, thus allowing dynamic relocation· of code 
without special hardware and parallel execution of code by 
m ul tiprocessors. 

The compiler is a good tool for writing programs which 
scan characters, manipulate bits, perform simple arithmetic 
on binary, bit string and decimal data and handle data or­
ganized in lists . linked together by addresses. It is easy to 
write programs in SABRE PL/I and the code is suitable for 
use in a demanding real-time environment. 

Many compilers are designed to be used by inexperi­
enced or even poor programmers. According to this philos­
ophy, the true nature of what is produced is concealed to 
protect the programmer from himself. The approach taken 
with SABRE PL/I has been that those working on real-time 
applications are highly competent programmers who use 
PL/I because it is easier, not because they are unable to use 
assembly language. Thus all available information is pro­
vided, such as an assembly language listing. This respect for 
the skill of the average user is borne out by the experience 
at American. It probably also represents the' hard truth 
about all such applications. An installation with very many 
inexperienced or incompetent programmers will just not get 
much work done and no magic language, will help. 

While no description of the inner workings of the compil­
er is possible here, it should be mentioned that the XPL 
compiler building system was used with great success. In 
the future more and more programming will be concerned 
with the production of large, high performance, on-line in­
formation systems. At this time, most compilers have not 
been built with the requirements of such systems in mind. 
(Even standard operating systems cannot normally handle 
hundreds let alone thousands of terminals simultaneously.) 
We will see more effort directed toward the needs of such 
users in the coming years. SABRE PL/I is another example of 
true pioneering in computer systems by American Airlines. 
The late Mal Perry of American, who was one of those 
largely responsible for the SABRE system, first suggested the 
construction of a compiler for SABRE real-time program­
ming. His deep knowledge of the requirements and realities 
of such an environment reflected his great skill and broad 
experience. His early death has diminished us all. • 
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COMPUTERS uncontrolled environment 

IN THE WORLD 
OF REAL PEOPLE 
by GEORGE GLASER 

This article is based on a paper presented by the .author at 
the Special Management Seminar sponsored by the ACM 
at the 1968 SJCc. )0 Rather than discuss computers, I want to exam­

ine the world in which computers live, a world 
where they are used and abused, loved and 
feared, worshipped and cursed-in short, the 

world of real people. 
The term "real peo'ple" implies, of course, the .existence 

of a class of unreal people. Unreal people may be identified 
by the following characteristics: 

1. They are rational economic men. 
2. Their actions arise from a value system that places 

mankind and social good first and their personal inter­
ests second. 

3. They are intellectually curious and capable of under­
standing the most abstruse technical phenomena. 

4. They are consistently well informed, and fully appre­
ciate the implications and potential of technology. 

Unfortunately, real people who fall far short of these ad­
mirable qualities are all about us. It would hardly be an 
exaggeration to say that the world is full of real people. We 
find them in industry, in universities, and in government. 
Each of us, depending on his present affiliation and his 
assessment of the people about him, has his own opinion as 
to whether the ratio of real to unre,al people in his particular 
calling is high or low. But wherever there are people of any 
kind, there are bound to be a few real people to contend 
with. 

Sadly, the reference manuals accompanying our comput­
ers don't say anything about people-real or unreal. This 
may be because-as even behavioral scientists and others 
who work in people-oriented disciplines will acknowledge­
alarmingly little is known about people of either kind. And 
where real people are concerned, the gaps in our knowledge 
are appalling-particularly because the problems faced by 
those of us who are concerned with computers in the world 
of real people are so massive and so urgent .. 

common problems and common remedies 
Computer technology can claim to have made possible a 

number of fantastic accomplishments. But, despite certain 
exceptions, there has been a disappointing lack of demon­
strable results. I do not accept a handful of horror stories as 
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evidence that we are incompetent boobs. Yet the fact is that 
development times are, as a rule, agonizingly long, costs 
woefully underestimated, systems ill-conceived and poorly 
designed, businessmen skeptical or condescending, and com­
puter professionals naive-or, worse yet, aloof. 

These indictments have been leveled before and, all too 
often, the causes are traced to "lack of management in­
volvement." I am not really sure what "management in­
volvement" means; it is rarely defined in a practical way by 
those who prescribe it. Certainly none of us wants the vice 
president's staff tying up all our keypunches when there is 
productive work to' do. Yet it is fashionable to chide man­
agement for lack of interest or appreciation, to stew over 
the semantic difficulties that impede communication, and to 
tell ourselves plaintively that if management only under­
stood us, it would love us. 

Starting from this fuzzy assumption, various remedies are 
proposed and attempted. One popular approach is to urge 
managers to go to "computer school." Having seen execu­
tives without previous experience or interest in the comput­
er get highly excited about their ability to write FORTRAN 

programs after a two-day course, we know computer pro-

Mr. Glaser is a principal of Mc­
Kinsey & Company, Inc., at 
their San Francisco offices. He 
was previously product man­
ager for magnetic tape drives 
at Ampex Corp., computer 
products division. He is na­
tional chairman of the ACM 
Special Interest Group on Busi­
ness Data Processing and 
chairman of the AFIPS ad hoc 
conferences committee. He has 
a BSEE from Notre Dame. 
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