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ABSTRACT 

This study is concerned with applying (and extending) the PMS 

notation (Bell and Newell, 1971). Knudsen's tjork on a computer aystem, 

FWSL, which implements, extends and disambiguates the PMS notation 

provides the basis for this study. 

PMS to be used in the description, input and output of computer systems; 

machine structures to be accessed and compared; various attributes to 

The PMSL system provides f o r :  

be calculated and accessed; and reliability and performance calculations 

to be carried out in terms of PMS attributes. 

The purpose of this study is to explore the feasibility of using 

the PMS system as a data base and analysls system for a set of computer 

system descriptions. Such a system would allow computer systems to be 

specified to any level of detail, questions to be answered about 

individual computers, comparative studies to be made among computer 

systems, and inventories and census to be built of classes and families 

of systems. 

b 



FEASIBILITY STUDY FOR THE APFLICATION OF PMSL 

PMS is a notational scheme for describing computer systems at the 

highest structural level, in terms of processors, switches, memories, etc., 

with the information transactions between these components characterized 

in gross quantitative terms (essentially information units and information- 

units per unit time). 

to describe a large number of computer structures (Bell and Newell, 1971). 

A brief description of the language is given in Bell and Newell (1970, copy 

attached); artd a brief account of its origin is given in (Bell and Newell, 

1969, copy attached). Although it is still somewhat early to tell, there 

are some indications (e.g., see Brooks, 1971) thar the notation provides 

an adequate tool for the high level descriptlon of computer systems, 

essentially at the level of functional and performance specifications, 

descriptions for manuals, and descriptions for inventories and census. 

The  level of detail of the notation is variable and can be extended 

PMS was developed by Bell and Newell in attempting 

dotmward to any desired degree, all the way to registers, adders an2 logic 

gates.* 

systems, e.g., instruction sets, operating systems, language systems, etc. 

A notation for describing instruction sets, called ISP,  was developed con- 

currently with PIG, but the prksent proposal does not extend to descriptions 

at the program level. 

The notation does not describe the programming level of computer 

* 
The PNS notation is being used, in fact, as the basis for a language of 
register transfer modules (callxd R T "  s and available cornmercially as 
the PDP16; see Bell, Eggert, Grason and Williams, 1972). The appli- 
cation is not directly relevant to the present contract. 



The original notation was essentially a publication language, built 

for human use. Knudsen has developed a programing system, called PtISL 

(for PMS language), which is an implementation and extension of PMS in 

operational form. It is written in SNOBOL and operates interactively on 

the PDP10. It permits specifying compxter configurations in PMS notatl-n 

to the system, with consequent printing and display of such structures. An 

important feature of PMS is its relative freedom in the use of notation and 

abbreviation (essentially, anything that is meaningful and unambiguous in 

the context of the existing PMS structure can be stated). This has been 

preserved in Knudsen's system. The system holds a data-base of specifications, 

some representing specific systems, and retrieves specific items of data from 

descriptions, which includes determining whether a presented configuration is 

a valid instance of any of the classes of configurations held in the data 

base. Since information is available by class, this involves non-trivial 

search and match operations. Simple functions include computing c0st.s and 

other aggregate functions such as memory size. Quite complex calculations 

include the reliabilities (given a minimum criterion) and performances of 

configurations. Others can also be included. These involve approximations, 

of course, s i ~ c e  what is available is only a high-level description, and 

the exact performance has to be based on job mix, etc. 
3 

The above capabilities exist at various levels of completeness, 

sophistication and efficiency. The work is Knudsen's Ph.D. thesis. The 

thesis draft is being prepared now, and should be completed in late June. A 

short annotated example of the output of PMSL is attached, which is under- 

standable given a knowledge of PMSi 
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Interest to NBS ---- 

The basic value of such a systeiri tv NBS lies in its ability: (1) to 

specify configurations in a relatively uniform way; (2? to update such 

descriptions continuously and rapidly; (3) to process such descriptions for 

completeness, consistency and accuracy in various ways; ( 4 )  to determine 

various gloSal properties of such configurations; ( 5 )  and to provide displays 

and printed records of such configurations that are known to be error-iree 

and up to date. The uses of such a capability range from a device for system 

specification in ongoing procurement, to an automated catalogue of available 

computers, to a system to study the impact of various standards and pricing 

policies, to an archive of all existing computers. 

- General Activities Proposed 

The major goal of this contract is to deLermine whether the vehicle 

we now have (or one likely to b e  developed from it) is really suitable for the 

uses described in the previous section: This involves four things: 

1. The determination of the realistic dimensicns of such uses, e.g., 

the sizes of realistic configurations described to the level of detail 

actually necessary, the s izes  of t h e  data bases that would be required for 

various rea.listic application, etc. This determination should not be just 
" 

in terms of general characteristics, but should include a small set of actual 

examples of potential use. This would entail encoding several real systems. 

We intend to take all the models of the IBN System/360 and 370 series, and 

also one machine from another manufacturer, e.g., the DEC PDP-10. Alternativel.y, 

a catalogue of minicomputers would provide a very nice data base study. 

2. The determination of the performance of the PXSL system along such 

dimensions. This would comprise both experiments with the system and 
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analyses of the essentiz.1 nature of  the compatatlon for extrapolation further 

out on along the dimensions (e.g., whether the reliability calculation method 

is feasible for systems of realistic size). This would undoubtedly require 

further development of the system in an attempt to overcome the deficiencies 

of the present scheme (which are sure to be there). It would seem necessary 

to run a set of accumulated examples, including even building up a moderate 

sized data base, to obtain a genuine feeling for the usefulness of the system. 

3 .  Additional work on the human engineering of the user interface, 

including the layout of the printed and plotted outputs. Though minor in 

some respects, the capabilities of the system must be kept excellent enough 

along this dimension to present an unclouded picture of how the system might 

ope.rate given further polishing. In this later regard, we have a very 

interesting printing device, the Xerox LDX printer, which has a 200 point/inch 

resolution end is capable of drawing the PMS diagrams we use. This might be 

incorporated as the catalogue output mediun. 

4. The determination of the computing vehicle for using such a system 

in practice. The demands vary, of course, with the particular application 

under consideration, and the solutions could correspondingly vary from a 

single system at NBS, to a centralized system accessible by network, to a set 

of regional systems, to making versions of the system available to all 

participants in a given type of activity (e.g., all vendors interested in 

bidding on a class of large computer systems). The main cancern here is to 

find out whether (1) the present SMOSOL implemantation is basically sound and 

can be made suitable with only minor polishing; (2) a single new system should 

be built, or ( 3 )  systeius must be hui;i in many different languages for many 

different machines. With regard to the latter, an important problem is to see 

whether it 5.s even possible to implement realistic versions in widely available 
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languages ( e s s e n t i a l l y  FORTRAN and CCSOL) ope ra t ing  i n  ba tch  mode. ‘Jhe F rCSc i I t  

v e r s i o n  ir. SNOBOL*is i n t e r a c t i v e  and s o p h i s t i c a t e d  i n  i t s  use of dynamic d a t a  

s t r u c t u r e s  and t h e s e  appear  t o  be e s s e n t i a l  t o  a n  appropr i a t e  system. 

The p resen t  s tudy  would inc lude  d e t a i l e d  e x p l o r a t i o n  of t h e  above 

i s s u e s  and t h e  proposa l  of p o s s i b l e  s o l u t i o n s ,  i nc lud ing  t e s t i n g  of sof tware  

schemes t o  be su re  t h e  proposed s o l u t i o n s  were f e a s i b l e .  I t  could ir .clude a 

r a t h e r  ccinplete des ign  f o r  r e - i i np lemen t~ t lon ,  i f  t h a t  should prove d c : i r a b l e .  

However, development of  a new product ion-or ien ted  v e r s i o n  i n  a new language i s  

n o t  p o s s i b l e  wi th in  a l i m i t e d  s tudy  c o n t r a c t  such as t h i s .  

We have i n t e r e s t s  i n  developing more advanced c a p a b i l i t i e s ,  such as 

f ind ing  bo t t l enecks  i n  a computer system, ba lanc ing  a system, e tc .  However, 

w e  t a k e  t h e  v i e w  t h a t  i t  i s  t h e  b a s i c  c a p a b i l i t i e s  t h a t  are important  i n  

a p p l i c a t i o n .  Thus, i n  t h i s  c o n t r a c t  w e  w i l l  p l a c e  t h e  major e f f o r t  on 

explor ing  what w e  have now i n  PMSL i n  a p p l i c a t i o n  t o  a rea l  environment, 

r a t h e r  than  advancing t h e  PMSL’s C a p a b i l i t i e s .  There w i l l  be except ions  Co 

t h i s ,  bu t  they w i l l  be  d i c t a t e d  by t h e  demands of p a r t i c u l a r  a p p l i c a t i o n s .  

Spec i f  i c  , Proposed Act ivi t ies  

The above gene ra l  c a t e g o r i e s  f a l l  i n t o  s e v e r a l  s p e c i f i c  ac t iv i t i e s .  

These are ar ranged  roughly by t i m e ,  a l though c e r t a i n  a c t i v i t e s  l i k e  l i a i s o n  

and documentation are cont inous .  

1. - ~ _ _ _ I _ _  Jjata base c r e a t i o n  and system t - . s t ing  

We will experiment w i th  c r e a t i n g  a d a t a  base  con ta in ing  d e t a i l e d  

d e s c r i p t i o n s  of a few s e l e c t e d  computers, and s u b j e c t  t h e s e  t o  a l l  e x i s t i n g  

and f u t u r e  ana lyses  and ope ra t ions .  I n  so doing, we  expec t  t h e  fol lowing 

results: 

* 
SNOBOL was o r i g i n a l l y  s e l e c t e d  because i t  i s  widely a v a i l a b l e  and has  
t h e  necessary  c a p a b i l i t i e s .  
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a. In the initial creation of t he  d a t a  bases, more will be learned 

about the real day-to-day issues and problem of using PMSL. This work 

will suggest improved human-engineering features, particularly those 

dealing with secondary memory. Actually, incremental improvements in user 

convenience will occur continually, but the data base is a major effort. 

b. During creation and use, we will no doubt examine and change 

current cozventions, and extend and rccdlfy these accordingly. 

c. The behavior of certain of our algorithms when confronted with 

large and complex structures will be examined. In particular, the 

reliability-estimating function is combinatorial in nature and has yet 

to be run on a large structure which might slow its operation so much as 

to require its redesign; on the other hand, its performance may well be 

acceptable as it now stands. Testing is necessary. 

d. The sample data bases will be a convincing demonstration of PMSL, 

and a part of its documentation. 

2.  Dimensional Computing 

The concept of a numeric value will be extended to include dimensioned 

That'is, arithmetic and other operations will deal with numbers quantities. 

with or without units, such that in any context where a number is valid, so 

is "5 watt/sec 'I or "36  bit/word." Addition would require equivalent 

dimensions and make required conversions ; multiplication would compute the 

appropriate. dimensions of the result. Dimensioned quantities are already 

widely used and recognized in PNSL, but presently no-arithmetic operations on 

them are possible, except by ignoring the given units and assuming others. 
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3 .  I t e r a t i o n  and Deierrcci Execution o f  Commands 
__-____I_ _I_- __-I- 

Cur ren t ly  PMSL executes  ind iv iduh l  cormnand s ta tements  as they  are typed 

i n  and then  d i s c a r d s  them, a l though t h e i r  r e s l i l t c  (side e f f e c t s )  rcay remain. 

There i s  no way t o  i t e ra te  a s ta tement  o r  group of sequenced s ta tements  over 

a l ist  o r  set  of s i m i l a r  da t a -ob jec t s .  I n  p a r t i c u l a r ,  t h e r e  i s  n o t  way t o  

process  such a se t  t o  o b t a i n  a r e s u l t - v a l u e  which i s  a p rope r ty  of t h e  se t  

as a w h l e  (e .g . ,  t h e  sum of a l i s t  of numbers) , except  f o r  some h i e h l y  

s p e c i f i c  PMSL system func t ions .  This  need n o t  involve  going t o  a f u l l  

p rog raming  language wi th  user -def ined  func t ions  and l a b e l s  and g o t o ' s ,  

a l though some of these c a . p a b i l i t i e s  may be  requi red .  

4. Conf igura t ion  Classes 

We g i v e  h igh  p r i o r i t y  t o  extendi.ng t h e  PMS n o t a t i o n  t o  r e p r e s e n t  

f a m i l i e s  of computer-system conf igu ra t ions .  The p resen t  system handles  

contex t  f r e e  classes of systems, where t h e  p o s s i b i l i t i e s  f o r  each component 

i n  a system are independent of t h e  s e l e c t l o n s  f o r  o t h e r  components. It a l s o  

handles  several cases of  depe.ndence between components, e .g .  , t h e  word s i z e  

of a d i s k  being s p e c i f i e d  as t h e  word s i z e  of  t h e  primary memory. However, 

as one moves toward m o r e  complex dependencies t h e  p r e s e n t  system becomes 

cunbersome, and. a d d i t i o n a l  n o t a t i o n a l  forms may be r equ i r ed .  The types  of 

dependencies t h a t  arise i n  pract ice  can be i l l u s t r a t e d  by t h e  conf igu ra t ion  

diagram of t h e  IBM 1800  ( s e e  pages 4.01-403 i n  E e l 1  and Ncwell, 1971) .  

Tes t ing  whether a g iven  s t r u c t u r e  s a t i s f i e s  a given s p e c i f i c a t i o n  ( i . e . ,  

i s  a member of a s p e c i f i e d  family of systems) i s  a c e n t r a l  o p e r a t i o n  i n  t h e  

PMSL system. Cur ren t ly  w e  can do t h i s  f o r  t h e  simple f a m i l i e s  of systems 

t h a t  are now e x p r e s s i b l e  in t h e  system. This  a lgo r i thm w i l l  be extended t o  

t h e  f u l l  range of t h e  c u r r e n t  language. Furthermore,  any i n c r e a s e  i n  t h e  
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complexity of the dependencies expressible in t he  language w i l l  have t o  be 

incorporated in the algorithm. 

5. Generalized Graph Plotting 

The present interactive plotting facility (which uses the terminal or 

line printer and eventually the Xerox LDX system) will be extended to allow 

any user-defined PMSL function to be plocted. Currently plotting is restricted 

to a f i x 4  set of Processor anA Memory parameters, performance and cos t  

results frcrn a fixed set of built-in func.tions, constants, and basic arith- 

metic operations on these. Within this domain it is quite general but cannot, 

for example, involve reliability estimates f o r  components. 

6. Documentation 

We will produce the following documentation: 

a. A user's manual (parrs of which already exist), which will be 

updated as required. 

b. A description of the structure of PMSL and its algorithms. This  

will be in sufficient detail to allow a good systems programer to buFld 

.a PMSL system. 

e. A description of details of our implementation, to permit others 
..> 

to understand and modify our system. 

d .  A report to be made before the end of %he first year that 

describes the set of applications to le considered, the data bases to be 

used, the initi.al view on ultimate computer implementations, etc. This will 

serve as a progress report on the first year's work, though it will be 

produced a; soan ES the d e t a i l s  of the strtdy become c h a r  enough. 
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e.  A f i n a l  r e p o r t  (which may be  i n  several  d i s t i n c L  p a r t s )  tllat: 

g i v e s  t h e  r e s u l t s  of a l l  t h e  s t u d i e s  and t h e  o v e r a l l  conc lus ions  t h a t  have 

been reached.  Documentation on t h e  d e t a i l s  of t h e  d a t a  bases ,  e t c . ,  w i l l  

a l s o  be provided. 

7.  L i a i s o n  wi th  NBS 

For  t h e  system t o  be e f f e c t i v e ,  i t  w i l l  be important  f o r  someone 

a t  NBS t; 5e involved wi th  i t  ;t l e a s t  i n  a monitor ing capac i ty .  This w i l l  

no t  only provide t h e  c o n t r a c t o r  w i th  b e t t e r  feedback about t h e  r e a l  p rog res s ,  

bu t  i t  w i l l  a l low us t o  o b t a i n  i n f o m a t i o n  about how such a system might be 

used i n  t h e  a c t i v i t i e s  of t h e  bureau.  

Other Work 

There have been s e v e r a l  types  of a c t i v i t i e s  t h a t  bear  some r e l a t i o n  

t o  PMS and t h e  proposed i n v e s t i g a t i o n :  

( four  v e r s i o n s ,  up through 1964) ; Knight ' s  comparative s tudy  of computer 

technology (Knight,  1966);  and va r ious  comle rc i a l  cont inuing  census (Keydata, 

Auerback Assoc ia t e s ,  Datapro) .  The p resen t  e f f o r t  appears  t o  us  t o  go f a r  

beyond t h e s e  i n  the  d i r e c t i o n  of t h e  a p p l i c a t i o n  descr ibed  above, i n  t h e  

Weik's census on a l l  computers 

degree  of s o p h i s t i c a t i o n  and completeness a t tempted,  and i n  the development 

of an o p e r a t i o n a l  computer system. Thus, w e  do n o t  p r e s e n t  a d e t a i l e d  

comparison of t h e  proposed r e sea rch  wi th  t h e s e  o t h e r  e f f o r t s .  

F a c i l i t i e s  

The work w i l l  be done i n  t h e  Computer Science Department of Carnegie-  

Mellon Un ive r s i ty ,  which i s  where both t h e  o r i g i n a l  work on PMS and Kiiudseri's 

t h e s i s  have occurred.  There Fs E w e l l  eqcipped coriiputationel f a c i l i t y  
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consisting essentially of two PDP-10 systems which operate in time sharing 

mode, with an assortmect of terminals, and secondary menlory. In addition, 

there are several PDP-ll's, now being put together into a multi-processor. 

This should be operational within the period of the contract, though its 

impact on the proposed research will probably not be great. 

The environment itself supports a wide range of computer science 

research, from work on computer structures, to implementation languages, 

to artificial intelligence. Thus there will be adequate conceptual support 

for the study. Two recent Annual Reviews of Research of the Computer 

Science Department are included as supporting material in order t o  give 

some indication of this environment. 

Budget 

The main effort on this contract will be that of Hike Knudsen as 2 

post-doctoral research associate. His salary, together with overhead and 

fringe benefits,are to be paid from the contract. 

Allen Newel1 willbe co-principal investigators and will remain active in 

both a supervisory and a consultative role. No costs are included in the 

contract for them. Support is included for one research assistant, beginning 

in January of the first year, to assist in encoding the various machines and 

in evaluating the system's performance. Some travel is requested, primarily 

for Knudsen to visit NBS. This is essential in order that we may obtain a 

view of the NBS activities thereby shaping our own work and priorities. No 

funds are included for computation, since we believe that we can absorb these 

costs into our ongoing research program. This will imply, in effect, that 

Gordon B e l l  and 
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a f r a c t i o n  oi t h i s  e f f o r t  will b c  suypor:ed by o x  r e s e a r c h  c o n t r a c t  w i t h  

the Advanced Research P r o j e c t s  Agency (P44620-70-CO107) monitored by the  

A i r  Force O f f i c e  of S c i e n t i f i c  Research. 

The c o n t r a c t  i s  w r i t t e n  for two years .  The only change i n  t h e  

second year  being t h e  5.5$ i nc rease  i n  s a l a r y  f o r  Knudsen. 
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NATIONAL BUREAU OF STANDARDS 

Feasibility Study f o r  the Application of PMSL 

PROPOSED BUDGET 

Post Doctoral Fellow 
Graduate Assistant 
Fringe Benefits @ 12% 
Travel 

Total d i r e c t  costs  

O/H at 46$ of S & W 

GRAND TOTAL 

c 

7/ 1/72 
6 /3 0/73 

$15,000 
2,260 

180 
500 

7/ 1/73 
6 1/3 0!74 

$15,825 
4 , 5 2 0  

190 
5 00 

$17,940 $21,035 

6,900 7,280 

' $24,8 4 0 $28,31.5 
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