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From the definition of the similarity meas­
ure it is clear that the diagonal elements R ~ 
of the row (column) similarity matrix R ar~ 
equal to 0 or 1 depending on whether row C 1 

(column Q) of the citation matrix C was iden­
tically equal to 0 or not. Since the similarity 
coefficients between any row (column) and 
itself ought to be identical, the diagonal ele­
ments of a similarity matrix will be dis­
regarded in further calculations. Moreover, 
because R is symmetric, only the coefficients 
which appear in the right triangular part of 
R need be considered for further processing. 

The coefficients of R represent a meas­
ure of similarity between documents, based 
on the number of over lapping direct citations. 
This concept may be extended, by using as a 
basis for the calculation of correlation coef­
ficients not the existence of direct links be­
tween documents (links of length one), but 
links of length two, three, four, or more. 
Consider, as an example, the graph of Figure 
4. If document A cites document B, or B 
citesA, the corresponding nodes are directly 
linked by an arc. On the other hand, if A 
does not cite B, but A cites (or is cited by) 
C which in turn cites (or is cited by) B, no 
direct link exists between A and B. Indeed, 
A and B are then linked by a path of length 
two, since an extraneous document node C 
exists between nodes A and B in the graph of 
Figure 4. Similar ly, if the path between two 
document nodes includes two extraneous 
nodes, they are linked by a path of length 
three, and so on. 

Given a square citation matrixC it ispos­
sible by matrix multiplication to obtain mat­
rices C', C", etc., exhibiting respectively 
the existence of paths of length two, three, 
and so on [23]. Specifically, 

\I,
m 

= (C i /\ C'~) 
-k - J ' 

k=1 

and so on. Boolean multiplication is used, 
since the new connection matrices C ", C ", 
etc., are again defined as logical matrices. 
(C ') '~l is then equal to 1 if and only if at least 
one '~ath of length two exists between nodes" ~ 
and j in the citation graph; otherwise, (£ ') j 

is equal to O. It may ,be noted that C', unlike 
C, can have nonzero diagonal elements, cor­
responding to the case where two documents 
mutually cite each other. This situation 
arises for the document set of Figure 4, 
where IS 411 cites WA 412, and WA 412 cites 
IS 411. 

As before, similarity matrices R', R", ..• 
can be obtained from citation matrices C ' , 
C", . .. by computing the similarity coef­
ficient s for all pairs of rows (columns) of 
the, citation matrices. These new similarity 
matrices measure document Similarity based 
on common citation links of length two, three, 
... ,and so on. While it is theoretically pos­
sible to work with Similarity matrices Rn 

based on overlapping citation links of length 
n, it is likely that the Similarity between 
subject matter and citations will diminish 
rapidly as the length of citation links in­
creases. For present purposes, the inves­
tigation of overlapping citations is therefore 
restricted to the consideration of direct links 
and links of length two, three, and four. 

Comparison Between Indexed Documents: 
In order to be able to evaluate document 
similarity based on content, it is necessary 
to choose some method for the identification 
of content. It would clearly be desirable to 
use for this purpose one or another of the 
existing automatic indexing methods. If this 
were done, the evaluation of the test results 
would be difficult to carry out, since it would 
then be impossible to distinguish a real dis­
crepancy between over lapping citations and 
overlapping index terms, from a discrepancy 
due to an inadequate index set. In order to 
avoid such complications, it is preferable 
to use a manually prepared and controlled 
set of index terms at least for the initial 
experiments. 

Given a set of index terms, it is convenient 
to display the assignment of terms to docu­
m~nts by means of a logical matrix T, where 
T j is set equal to 1 if and oply if term i is 
assigned to document J' and T~ is 0 otherwise. 

-) . 
The row dimension n of T IS then equal to 
the total number of documents and the column 
dimension m is equal to the number of dis­
tinct terms. A typical term-document matrix 
T for the previously used document set is 
shown in Figure 7. 

A measure of document Similarity based 
on the number of over lapping index terms 
between documents can, now be obtained as 
before by using the cosine function s to com-
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~ 
C F I J J J J J L W 
0 0 S 0 0 0 0 0 y A 
4 6 4 3 4 6 6 6 6 4 
0 0 I I I 0 0 I 0 I 

TERMS 3 3 I 6 3 7 9 I 2 2 

CDRUN • • • 
CRECT • 
LOKUP • 
EDITG • • 
HAOIC • • • 
INFLE • • 
RFVBS • 
SORTG • 
STRAN • 
SUFAN • 
SYNAR • • 
TRNSL • • 

TERM-DOCUMENT MATRIX T FOR 
DOCUMENT SET 

Figure 7 

pute elements ~~ of an n by n symmetric 
similarity matrix S. If the documents appear 
as column headings as in Figure 7, the simi­
larity coefficients are obtained by matching 
pairs of columns rather than rows. 

Since the term-document matrix T is not 
in general a square matrix, matrix multipli­
cation cannot be used to obtain' second order 
effects, similar to the citation links of length 
two or more. Instead, it is first necessary 
to compare the index terms by performing a 
row correlation of the rows of T. This pro­
duces a new m by m symmetric correlation 
T* which displays similarity between index 
terms. This matrix can be used to eliminate 
from the set of index terms those terms 
which exhibit a large number of joint occur­
rences with other terms. A reduced set of 
index terms can then be formed ,. and a new 
term-document matrix T' constructed, from 
which a new similarity matrix S' is formed. 
Higher order term similarity can of course be 
obtained if desired by squaring or cubing T*. 

The last step needed in the testing proce­
dure is a comparison between the docu:rnent 

similarity coefficients obtained from the 
citations and the coefficients obtained from 
the index terms. Specifically, it is necessary 
to compare the elements of matrices R, R', 
R", and so on, with the equivalent ones in.§. 
or §.'. Since the comparison of individual 
pairs of equivalent coefficients may not be 
very meaningful, one coefficient will be com­
puted for each document by comparing equi v­
alent document rows in Rand S. The previ­
ous measure may again be used for that 
purpose in the form 

to obtain a "cross-correlation vector" .K. 
Each element of a cross-correlation vector 
is a measure of similarity for a given docu­
ment, obtained by comparing similarity coef­
ficients obtained from citatiol)s with the cor­
responding similarity coefficients obtained 
from index terms for that given document. 
Large values of the element Xi will indicate 
a close similarity between the measures ob­
tained from citations and those obtained from 
index terms, since then nonzero ter~s in R i 
will correspond to nonzero terms in§.1. S~all 
values of the element Xi' on the other hand, 
will indicate no similarity in the two types 
of measures. 

In addition to the cross-correlation vector, 
a single "over-all cross-correlation coeffi­
cient" can be obtained by conSidering each 
of the n by n similarity matrices to be com­
pared, as a single vector of dimension n 2 , 

and computing the Similarity coefficient s 
for these two vectors. The "over-all" cross­
correlation coefficient is then a Similarity 
measure for the complete collection. The 
"over-all" coefficient will be large, if many 
of the cross-correlation vector elements are 
large, that IS, if, for many documents, large 
Similarity coefficients obtained from cita­
tions correspond to large similarity coef­
ficients obtained from' index terms. 

Computer Experiment: A computer ex­
periment carried out to test the system will 
now be described. A collection of sixty-two 
documents dealing with mathematical lin­
guistics and machine translation was chosen. 
The writers of all documents were, at the 
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time of publication of their papers, staff 
members of the Computation Laboratory of 
Harvard University. While this fact may 
introduce a certain amount of bias in the ex­
perimental results, it was the only reason­
able way to guarantee that an adequate num­
ber of citations would be found in a relatively 
small collection of documents. 

A set of fifty-six index terms was used 
for manual indexing of the document collec­
tion. No particular effort was made to insure 
that the terms would be independent, nor was 
any limitation placed on the frequency with 
which a particular term could be used. 

The two basic inputs used for the com­
puter experiments were logical matrices of 
dimension 62 by 62 and 62 by 56, listing, 
respectively, cited versus citing documents, 
and documents versus terms. These two 
input matrices correspond in format to the 
examples of Figures 5 and 7. From the two 
logical input matrices, a set of three princi­
pal and six auxiliary similarity matrices was 
obtained by performing comparisons between 
pairs of rows or columns. The similarity 
matrices all correspond in format to the ex­
ample of Figure 6. The CITED and CITING 
similarity matrices of dimension 62 by 62 
were obtained from the original citation 
matrix by row and column comparisons, re­
spectively. The TDCMP similarity matrix, 
also of dimension 62 by 62, was similarlyob­
tained by column comparisons from the orig­
j.nal term-document matrix. Additional cita­
tion similarity matrices, designated CTD2, 
CTD3, CTD4, and CNG2, CNG3, CNG4 were 
obtained from the squared, cubed, and fourth­
power logical citation matrices, as previ­
ouslyexplained. 

Eight cross-correlation operations were 
performed by correlating each of the eight 
citation similarity matrices with the term­
document similarity matrix TDCMP. Each 
cross-correlation operation produced a 
cross-correlation vector of dimension sixty­
two. An over-all cross-correlation coef­
ficient was also computed in each case. 

The eight over-all cross-correlation co­
efficients obtained for the sample document 
collection are shown· at the top of Table 7. 
The value of the over-all similarity coeffi­
cient first rises as the length of the citation 
links increases, and then drops again as the 
length of the links becomes still greater. A 
peak is reached for links of length 2. This 
behavior is due to two counteracting forces. 

DOCUMENT 
INPUT 

RANDOM 
TREE 

INPUT 

RANDOM 
GRAPH 
IN PUT 

\ 

Table 7. Comparison of Overall 
Similarity Coefficients 

TYPE OF OVERALL TOTAL NUMBER NO. OF DOCU- MAX. NUMBER 
CITATION SIMI LARITY OF LINKS MENTS WITH OF LINKS FOR 

INPUT COEFFICIENT (62 DOCUMENTS) ZERO LINKS ANY DOCUMENT 

CITED 0.2BI 165 13 16 
CTD 2 0.394 335 18 25 

CTD 3 0.392 452 21 36 
CTD 4 0.3BO 490 25 34 

1----- r------ ------ --------
CITNG 0.322 165 12 II 

CNG 2 0.400 335 16 20 
CNG 3 0.395 452 20 25 
CNG 4 0.357 490 27 2B 

RTCTD 0.149 165 12 8 
RTCD 2 0.243 265 16 15 
RTCD 3 0.278 331 20 20 
RTCD 4 0.265 338 26 25 
---- ----- ------ ------------

RTCNG 0.159 165 13 7 
RTCN 2 0.175 265 22 17 
RTCN 3 0.174 331 28 30 
RTCN4 0.170 338 30 30 

RMCTD 0.127 164 6 9 
RMCD 2 0.239 379 6 23 
RMCD 3 0.313 795 6 39 
RMCD4 0.349 1461 6 51 

---- 1----- ------1------1-------
RMCNG 0.143 !64 6 7 
RMCN2 0.261 379 6 17 
RMCN 3 0.358 795 6 36 
RMCN 4 0.383 1461 6 50 

As the length of the links increases, the total 
number of links of any given length increases 
also because of the tree-like structure of 
the citation graph shown in the example of 
Figure 4. The actual data, shown in column 
3 of Table 7 for the document set under con­
sideration, demonstrate that an initial set of 
165 links of length one is expanded into a set 
of 490 links of length four. An increased num­
ber of links results in a larger number of ones 
in the original logical citation matrix, and thus 
in a higher probability of overlapping ones 
and a larger over-all similarity coefficient. 

However, as the length of the links in­
creases, two factors also exist which tend to 
decrease the magnitude of the over-all simi­
larity coefficient. First, given any document 
collection, the number of documents which 
exhibit citation links of length n, but which 
do not exhibit links of length greater than n 
increases as n becomes larger. The actual 
data for the sample document collection are 
shown in column 4 of Table 7. Thus more 
and more documents will exhibit individual 
similarity coefficients of zero value, since 
no citations can be found to perform the re­
quired comparisons. This tends to decrease 
the value of the over-all coefficient. Second, 
as the length of the links increases, and the 
citations thus become increasingly less ac­
curate indications of document content, the 
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magnitude of the cross-correlation coeffi­
cients obtained from the citation matrix and 
the term -document matrix would be expected 
to decrease even for those documents for 
which a large number of citation links can 
still be found. It is clear that for the docu­
ment collection un de r consideration the 
larger number of citation links first outweigh 
these other factors, as the length of the links 
increases from one to two. Thereafter, the 
larger number of documents with no citation 
links of the proper length and the greater 
change in document content tend to outweigh 
the increase in the total number of links. 

In order to test the significance of the 
values obtained for the over-all cross­
correlation coefficients, the experiment was 
repeated with a "random-tree" input. The 
random-tree input consisted of a partially 
ordered system of the same type as that shown 
in Figure 4. However, this time, the ficti­
tious "documents" were aSSigned to the nodes 
at random; similarly the assignment of cita­
tions and of index terms to the "documents" 
was randomized. The "random -tree" input 
simulates very closely the conditions which 
obtain for the actual document collection, in 
that the total number of links increases, as 
before, with the length of the linkS, as does 
the number of "documents" with a zero simi­
larity coefficient. Nevertheless, the values 
of the over-all cross-correlation coefficients 
exhibited in the middle section of Table 7 are 
about fifty percent smaller for the random­
tree input than they are for the actual docu­
ment collection. The differences can only 
be due to the fact that the comparison of cita­
tion similarities with index term similarities 
is meaningless for the random -tree input, 
because of the random assignment of cita­
tions and index terms, whereas there do, in 
fact, exist similarities for the actual docu­
ment collection. 

The analysis was carried still further by 
using as input an arbitrary abstract graph 
which no longer preserves the partial order­
ing typical of a document collection. In such 
a graph any "document" can cite or be cited 
by any other "document," including itself. A 
typical graph is shown in Figure 8. The as­
signment of citations and of index-term to 
the "documents" was again randomized, and 
the data in the lower portion of Table 7 show 
that for the comparison with direct links 
(RMCTD and RMCNG), the values of the over­
all cross-correlation coefficients are even 

lower for the random -graph, than they are 
for the random-tree input. Since the total 
number of links increases very fast for the 
random graph, as the length of the links in­
creases, and the number of "documents" with 
zero links is very small, the values of the 
over-all coefficients increase approximately 
in proportion to the length of the links. How­
ever, even though the number of links of 
length four is about three times larger for 
the random graph input, than it is for the 
actual document collection, and the number 
of documents with zero links is four times 
smaller, the over-all cross-correlation co­
efficients are still only approximately equal 
in the two cases. Again the differences must 
be due to the meaningful similarities between 
citation input and index term input which hold 
only for the actual document collection. 

RANDOM GRAPH FOR TEN SELECTED DOCUMENTS 

Figure 8 

In order to determine how close a sImI­
larity is observed between document content 
and citations, it is not enough to look at the 
over-all cross-correlation coefficient for 
the whole collection, but it is necessary also 
to examine in more detail the values of the 
cross-correlation coefficients for the indi­
vidual documents. The values of the eight 
largest cross-correlation vector elements 
obtained for each of four document cross­
correlations, and for each of four random­
tree cross-correlations are shown in Fig­
ure 9. The documents corresponding to the 
various coefficients shown are not neces­
sarily the same in each case; however, a 
comparison of the magnitudes reveals that 
the individual cross-correlation elements 
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are, as a whole, much larger for the cross­
correlation operations involving the docu­
ment collection, than they are for the random­
tree input. This observation confirms the 
results previously given for the over-all 
cross-correlation coefficient. The largest 
maximum values are again obtained for cita­
tion links of length two. 

CROSS 
CORRELATION 
COEFFICIENT 

.700 --0. ........ 
.... 0-_-0... 

'''0-._ ...... "0.. 
·e-·-o-·_·o-,,:--e::·-a -- . ....,.:8 

.400 

.300 

CITNG - TDCMP 

eNG 2 - TDCMP 

CNG 3 - H>CMP 

~ CNG 4 - TDCMP 

- RT CNG - RHO 

----- RT CN2 - RHO 

_.-.- RT CN3 - RHO 

-- RT CN4 - RTTD 

'-----'--_'----~___L_...I...----L._.L..-. __ DOCUMENT 

4. 8 RANK 

COMPAR ISON OF MAXIMUM CROSS-CORRELATION 
COEFFICIENTS 

Figure 9 

Consider now the sample list of cross­
correlation coefficients shown in Tables 8, 
9, and,10, for early documents published in 
1957 -1958, for middle-range documents pub­
lished in 1959-1960, and for recent docu­
ments published in 1961, respectively. It is 
seen in Table 8 that the large values of the 
coefficients for the early documents occur 
as -expected by comparing cited documents. 
Similarly, Table 10 shows that large values 
of the coefficients for the recent documents 

Table 8. Typical Cross-Correlation Coef­
ficients for Early Documents (Published 
1957-1958) 

~ 
TDCMP TDCMP TDCMP TDCMP TDCMP TDCMP TDCMP TDCMP 

DOCUMENTS CITNG CNG 2 CNG 3 CNG 4 CITED CTD 2 CTD 3 CTD 4 

CO 208 .000 .000 .000 .000 .455 .587 .610 .635 

FO 496 .299 .459 .000 .000 .000 .000 .000 .000 
FO 506 .000 .000 .000 .000 .217 .496 .487 .552 
FR 205 .436 .483 .559 .563 .433 .542 .628 .615 
GI209 .109 .134 .306 .000 .424 .428 .447 .426 
G 1491 .000 .000 .000 .000 ,292 .615 .643 .622 

GI495 .273 .000 .000 .000 .210 .469 .523 .556 

Table 9. Typical Cross-Correlation Coeffi­
cients for Middle-Range Documents (Pub­
lished 1959-1960) 

~ 
TOCMP TOCMP TDCMP TDCMP TOCMP TDCMP TOCMP TOCMP 

OOCUMENTS CITNG CNG 2 CNG 3 CNG 4 CITEO CTO 2 CTO 3 CTO 4 

80 319 .575 .702 .678 .675 .308 .494 .472 .498 
80 407 .438 .549 .593 .490 .411 .456 .000 .000 
BO 408 .430 .489 .464 .000 .463 .424 .335 .000 
CO 305 .723 .376 .342 .317 .378 .491 .483 .430 
FR 406 .000 .000 .000 .000 .250 .286 .334 .000 
GE 302 .326 .529 .000 .000 .372 .572 .552 .528 
GR 31 3 .325 .370 .388 .000 .467 .520 488 .445 

Table 10. Typical Cross-Correlation Coeffi­
cients for RecentDocuments (Published 1961) 

!~ 
TOCMP TDCMP TOCMP TDCMP TOCMP TOCMP TDCMP TOCMP 

DOCUMENTS CI TNG CNG 2 CNG 3 CNG 4 CITED CTO 2 CTD 3 CTD 4 

Fa 603 .077 .416 .404 .433 .000 .000 .000 .000 
FR 612 .481 .526 .505 .478 .000 .000 .000 .000 
GR 604 .142 .285 .338 .279 .000 .000 .000 .000 
JO 607 .572 .605 .510 .443 .000 .000 .000 .000 
JO 609 .362 .41 I .485 .452 .000 .000 .000 .000 
JO 611 .000 .000 .172 .196 .000 .000 .000 .000 
KU 605 .133 .207 .264 .274 . <XX> ,000 .000 .000 

occur as expected by comparing citing docu­
ments. These data confirm the expected 
fact that in a closed collection the amount of 
citing is not a good content indicator for 
early documents, and the citedness is not a 
good indicator for recent documents. Table 9 
shows that for those documents which can 
both cite and be cited, the maximum values 
of the coefficients occur sometimes by com­
paring cited documents and sometimes by 
using citing documents. The data of Table 9 
thus confirm those previously exhibited in 
Table 7, to the effect that no criterion was 
found to exist for consistently preferring 
either the amount of citing or the amount of 
being cited as a content indication. 

Turning now to the actual values of the 
coefficients obtained, it appears that for the 
majority of the documents the values of the 
cross-correlation coefficients "lie between 
0.450 and 0.700, when citation links of length 
two are used, indicating a substantial simi­
larity between overlapping citations and over­
lapping index terms. For some documents, 
the value of the cross-correlation coeffi­
cient for links of length two was found to be 
smaller than 0.400. However, in almost 
every case the failure to obtain adequate 
agreement between citations and index terms 
was due to the total, or almost total, lack of 
citations. The exact data for' 34 documents 
publishedin 1959-1960areshown inTable 11. 
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The documents with coefficients below 0.400 
are listed explicitly together with the number 
of citation links in each case. The following 
results are apparent for the correlations be­
tween CNG 2 - TDCMP and CTD 2 - TDCMP 
respectively: 

a) number of documents with coefficient 
above 0.400, exhibiting substantial 
agreement between over lapping cita­
tions and index terms - 23 and 20; 

b) number of documents with coefficient 
below 0.400, exhibiting fewer than three 
citation links of length one or two - 11 
and 13; 

c) number of documents with coefficient 
below 0.400 exhibiting three or more 
citation links - 1 and 1. 

While there exists no scientific reason 
for asserting that a threshold value of 0.400 
for the cross-correlation coefficients is 
necessarily significant as a similarity indi­
cation, it does appear that for nearly all doc­
uments which exhibit a reasonable number 
of citations (more than two), the coefficients 
obtained reveal considerable agreement be­
tween over lapping citations and over lapping 
index terms. Further experimentation is 
needed to evaluate more precisely the sig­
nificance of the numeric results, and to de­
termine to what extent citations can actually 
be used for the automatic generation of 
index terms. 

CONCLUSION 

Two experiments have been described 
which use information directly provided with 
written texts to determine \ associations be­
tween words and documents. The syntactic 
experiment has shown that it is possible to 
extract information from function words and 
word suffixes to generate word groups and 
relations between word groups. These, in 
turn, may be used to obtain a more effective 
method for comparing the content of doc­
uments. 

The citation experiment has shown that 
for documents which exhibit an adequate 
number of citations, similarities in citations 
seem to provide some indication of simi­
larities in content. For early documents, 
citedness furnishes a better indication than 
the amount of citing, and vice-versa for 
recent documents; for documents which can 
both cite and be cited, equally good indica­
tions were obtained by comparing citing and 
cited documents. 

Table 11. Range of Coefficients for 
34 Middle-Range Documents 

TYPE OF RANGE CF NlIIBER OF SELECTED NUMBER OF LINKS OF 
DOCUMENT LENGTH 2 (AND 

CROSS-CORRELATION COEFFICIENTS DOCUMENTS CODES NO. OF DIRECT LINKS) 
.600 OR OVER 7 
.500-.599 B 
.400-.499 B ---------- -------- ------- --------------

{CO 305 
II (2) 

.300-.399 3 GR 313 2 (I) 

JO 314 6 (4) 
CNG 2 .200-.299 I MA 301 5 (2) 
TDCMP .100-.199 0 

.001-.099 0 

r~ 
3 (I) 

FR406 0 (0) 
IS 312 0 (0) 

.000 7 LY414 0 (0) 
MG414 0 (0) 
IIJ306 0 (0) 
IIJ318 0 (0) 

.600 OR OVER I 

.500-.599 7 

.400-.499 12 ----------- -------- ---------------
{CO 317 1 (2) 

.300-.399 3 FO 415 I (2) 
IIJ 318 2 (I) 

CTD 2 

r~ 
7 (2) 

TDCMP .200-.299 5 FR 405 I (I)" 
FR 406 I {I) 

MA301 3 (3) 
IIG404 I (I) 

.100-.199 0 

.001- .099 0 

r~ 
0 (0) 

IS 311 0 (I) 

.000 6 
J0413 0 (I) 

LY 414 0 (2) 
SA 401 0 (PI 
VC 307 0 (0) 

It is suggested that methods of this type, 
which require neither extensive input 'dic­
tionaries nor complicated computer proc­
esses, may eventually form the basis for 
practical "automatic programs for content 
analysis. While no simple method will be 
completely successful on its own, a com­
bination of many techniques of the kind de­
scribed may we~l offer not only a speedier, 
but also a more satisfactory, solution to the 
content analysis problem than the construc­
tion of semantic encyclopedias which are so 
far away in the future. 

SUMMARY 

The solution of most problems in auto­
matic information dissemination and retrieval 
is dependent on the availability of methods 
for the automatic analysis of information 
content. In most proposed automatic sys­
tems, this analysis is based on a counting 
procedure which uses the frequency of oc­
currence of certain words or word classes 
to generate sets of index terms, to prepare 
automatic abstracts or extracts, to deter-
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mine certain word groupings, and to extend 
or modify in various ways sets of terms 
originally given. Unfortunately, it is not 
possible to perform completely effective 
subject analyses solely by frequency count­
ing techniques. 

Two automatic methods are presented to 
aid in an effective subject analysis. The 
first makes use of a simplified form of syn­
tactic analysis to determine associations 
between words in a text, and the second uses 
bibliographic citations to classify documents 
into subject areas. Neither method requires 
extensive dictionaries or tables of the type 
normally used for automatic classification 
schemes; instead, information is extracted 
from certain function words, from suffixes 
provided with many words in the language, 
and from bibliographic citations already 
available with most documents. 

Specifically, the syntactic analysis makes 
use of a small dictionary of a few hundred 
function words such as prepositions, con­
junctions, articles, and certain nouns. Word 
suffixes are then isolated, and a suffix table 
is used to obtain additional grammatical 
indicators. A type of predictive analysis is 
then used to assign syntactic function indi­
cators to all words in a sentence by matching 
predicted syntactic structures against the 
available grammatical information for the 
various words. If no grammatical informa­
tion is available, the most likely prediction 
is used to classify the given word. The syn­
tactic function indicators are used to group 
words into phrases of certain types, and 
phrases into clauses, and to determine cer­
tain word associations. Experimental evi­
dence indicates that the error rate is not 
substantially higher than that found in other 
more complicated syntactic analysis pro­
grams which require full syntactic word 
dictionaries. 

The citation matching program uses bibli­
ographic citations to determine document 
similarities. A similarity coefficient is first 
calculated for all document pair s as a func­
tionof the number of overlapping citations 
between them. A second similarity coeffi­
cient is then derived using this time the 
number of over lapping index terms as a 
criterion. The index terms may be generated 
by hand, or may be derived by means of word 
frequency analyses. Finally, similarity co­
efficients derived from over lapping citations 

are compared with those derived from over­
lapping index terms. 

The coefficients, computed for a sample 
document collection, are analyzed to verify 
the hypothesis that when a closeness exists 
in the subject matter of certain documents, 
as reflected by over lapping index terms, 
there exists a corresponding closeness in 
the citation sets. It is found that the com­
puted similarity coefficients are much larger 
than those obtained by assuming a random 
assignment of citations and index terms. 
Suggestions are made for using citation sets 
as an aid to the automatic generation of 
index terms. 
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A LOGIC DESIGN TRANSLATOR 

D. F. Gorman and J. P. Anderson 
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Burroughs Laboratories 
Paoli, Pennsylvania 

INTRODUCTION 

The process of logic design of a computer 
is analogous to programming, using hard­
ware for commands. Logic designers must 
frequently take imprecise narrative descrip­
tions of computer systems, and, applying 
experience, ingenuity, inventiveness, and 
considerable perseverance, transform the 
description into a prescription for a running 
system. This process takes an inordinate 
amount of time. Considerable attention has 
been devoted to the reduction of programming 
time through the use of higher programming 
languages, such as ALGOL and COBOL, and 
conversion to machine code through trans­
lators. In a similar manner, translation of 
higher languages for logic and system design 
would greatly reduce the effort now needed 
to specify and design computer systems. 

Just as in the case of programming, 
changes to the description are tolerated up 
to a certain point, then are prohibited, or are 
made with great reluctance and less than 
perfect efficiency. This paper offers sys­
tems and logic designers a means to automate 
the repetitive and otherwise error-,prone 
detail associated with much machine design, 
as well as to provide a means for making 
systems changes acceptable for a longer 
period of time, without encountering the 
logic design equivalent of program patches. 
An additional motivation is to be able to 
rapidly obtain a canonical description of a 
computer system in the form of application 
equations of all registers within the machine. 
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It is envisioned that a translator such as 
this would be incorporated within a complete 
design automation system, and, as such, 
should be expected to provide input for mini­
mization programs, card layout and assign­
ment programs, backplane wiring programs, 
and the like. For this reason, a canonical 
form is essential to a completely automated 
system and, in addition, will provide a con­
venient input form for follow-up programs. 

From the canonical form, it is possible 
to obtain an estimate of the relative cost of 
a system, based upon component costs. As 
a result, the cost and effects of modifica­
tions and changes can be quickly and accu­
rately determined. The canonical form also 
provides a means of comparing and evaluat­
ing various designs by examining the hard­
ware structure. Previously, such compari­
sons could not be made, because of the 
prohibitive number of man-hours involved in 
the detailed logical design. Thus, those op­
erations which are difficult to' implement, in 
terms of complexity or cost, are easily pin­
pointed for further study. Logical incon­
sistencies and timing conflicts are elimi­
nated. Thus, the translator will provide a 
tool for system designers to more accu­
rately measure their systems', and, hopefully, 
will promote better descriptions of future 
systems. 

System Description Language 

A system can be described by giving the 
functional interrelationships of the various 
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parts of the system. The description is usu­
ally presented in a narrative form, with the 
drawbacks of ambiguities and otherwise im­
precise meanings. Upon examining the notion 
of system design, as opposed to logic design, 
it is often found that the emphasis is upon 
the control structure of a processor, with 
details on the number of registers to be in­
cluded, the structure of each, the manner of 
connection in each case, and the parts to be 
played by each in the execution of various 
commands. Particular attention is paid to 
the selection and description of a command 
list, especially those commands which are 
the "particular features" of a machine. 
These considerations suggested that a lan­
guage that was a concise and unambiguous 
description of these objects would, in fact, 
describe the computer system. 

The system descriptive language devised 
is based upon the informal programmatic 
notation frequently used to replace clumsy 
narrative [1], such as replacing the statement 

by 

The contents of A and X are inter­
changed; the contents of A are then 
stored in memory at the place addressed 
by the contents of MA. 

EXCHANGE A AND X 
A ~ MA* 

In general, the language assumes the exist­
ence of such hardware entities as counters, 
adders, registers, clocking systems, and the 
like. The forms of the language are not un­
like constructs found in algebraic languages 
such as ALGOL [2]. 

The basic language construct devised to 
describe the interaction of the various regis­
ters is a statement. The principal statement 
type is associated with interregister trans­
fers. In addition, counting statements, con­
ditional statements, shift statements, memory 
access statements, and the like are provided 
for the most frequently invoked system 
functions. 

Examples of some of the various state­
ments are shown below: 

Example 

transfer A ~ B 
conditional IF G(13) = 0 THEN (5.G ~ B) ELSE 

(6.B ~ G) 
shift A MOVE RIGHT OFF 6 ~ B 

arithmetic 
counting 
subroutine 
memory access 

Example 

A + B ~ R 
C + 1 ~ C 
INSTFETCH 
MA* ~ L 

Statements are freely combined to form 
functional descriptions of instructions and 
control. These larger constructs are the 
microsequences used to describe the machine 
functions. The complete functional descrip­
tion of a computer system is given by the set 
of microsequences for the instruction set and 
control (such as, instruction fetch and data 
fetch), plus the declarations describing the 
register Sizes, and their interconnections. 

As an example, the following is a micro­
sequence for the acquisition of the next in­
struction in some machine: 

INSTFETCH 
1. PC ~ MA 
2. MA* ~ B 
3. PC + 1 ~ PC 

Declarations are used to specify details 
of the system. They are used to name regis­
ters and describe their size and structure as 
well as to provide characteristics of various 
equipment assumed, such as arithmetic units, 
logical units, etc. In addition, declarations 
describe permissible data paths in the sys­
tem as a check on the transfers specified in 
the microsequences. In genera.l, the miero­
sequences· make reference to substructure 
names for the apparent reason of readability 
and mnemonic value. As a canonical repre­
sentation, however, it was deemed desirable 
to use the parent name of a register, Since, 
in general, the substructure is artificially 
imposed by the system deSigner and has no 
a priori meaning in hardware. Typical of 
the register declarations is the example of 
an instruction register description in Fig­
ure 1. 

It is the intention to draw upon the ad­
vances achieved in recent years in the design 
of system elements, such as adders, counters, 
comparators, etc., by providing libraries of 
designs of these specialized units. These 
designs would reflect various compromises 
between speed and cost, and would represent 
diversified implementations of computational 
algorithms. These units are declared as 
special registers,and have a format similar 
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Figure 1. An Instruction 
Register Description. 

to storage registers, differing only by the 
inclusion of cost and speed parameters. 

Translator Structure 

The overall structure of the translator is 
that shown in Figure 2. 

Briefly, the translator accepts systems 
descriptions in the language provided, and 
transforms the microsequences into an inter­
mediate language known as the design table. 
After suitable manipulation, the design table 
may be converted to application equations. 
The translator is coded as a set of recursive 
procedures, using the Burroughs 220 ALGOL 
translator [3]. Each procedure corresponds 
(more or less) to one of the syntactic defini­
tions of the language. In addition, since the 
language unit most frequently invoked is a 
statement, a procedure is provided to array 

SYSTEM 
STRUCTURE 

Registers and 
Special Registers 

Transfer Paths 

Hardware Decisions 
Transfer type 
Timing information 
Logical blocks and 
register type 

Microsequences 
(In theSystem de­
.scription language) 

statement elements into a vector, and as­
sociate with them a type designator (for 
example, an identifier, a number, an operator, 
a delimiter, etc.). A set of link list proce­
dures is used to handle the associative stor­
age for the register and transfer lists, and 
for various other lists used in the transla­
tion process. 

The logic design translator has three major 
parts: the scan and recognizer, the design 
table analysis, and the equation generator. 

The Scan and Recognizer: This segment 
of the translator takes microsequences, in 
the system descriptive language, converts 
them into a series of information transfers, 
and enters them into the design table. As 
mentioned above, the design table can be 
thought of as an intermediate language used 
during the translation process as a convenient 
form in which to store and manipulate data. 
The design table is represented as an m X 12 
matrix, where m is the number of opera­
tions to be performed within a micro sequence 
and the 12 columns indicate the following 
information: 

Column 1 - source register 
2 - most significant bit of the field 

of the source register under 
consideration 

3 - least significant bit of the field 
of the source register under 
consideration 

4 - destination register 

List of Legitimate 
Transfers 

Microsequen::es 
as an ordered 
sequence of 
legitimate 
transfers 

Design 
Table 

Equations 
of entire 
system 

Figure 2. A Logic Design Translator .. 
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Column 5 - most significant bit of the field 
of the destination register under 
consideration 

6 - least significant bit of the field 
of the destination register under 
consideration 

7 - equipment used for the transfer 
of information 

8 - most significant bit of the field 
of the equipment under consid­
eration 

9 - least significant bit of the field 
of the equipment under consid­
eration 

10 - control conditions to be satis­
fied during this operation 

11 - relative tim e at which this 
microstep is to occur 

12 - delay of the destination register 

The design table is set up to accommodate 
information transfers; that is, its basic 
structure embodies a source and a destina­
tion of information, provisions for indicating 
other equipment which may be used, and the 
control conditions which must be fulfilled 
for each transfer. That all routines to be 
performed by the specified machine can be 
decomposed into a series of information 
transfers is fundamental in the design of 
digital computers. 

Each microstep must be individually ana­
lyzed in the order of its appearance within 
the microsequence. The microstep is fir st 
examined by the recognizer in order to de­
termine which type of statement it is. At the 
present time, 12 basic statement types have 
been defined within the system. Depending 
upon the statement type, a subroutine is 
chosen which scans the statement, determin­
ing which registers or substructures of reg­
isters of the machine are invoked by" this 
microstep. In general, substructure names 
are used in the microsteps, mainly for their 
mnemonic value. These substructure names 
are now replaced by the name of the parent 
register along with the appropriate bit fields. 
It is at this time that the basic statement is 
broken down into a series of information 
transfers between the specified registers. 

The parent register names and bit fields 
are now entered into the design table in the 
"source" and "destination" columns, each 
transfer in a separate row. Since each in­
formation transfer between registers may 
use other equipment in the system (busses, 

memory address register, etc.), these trans­
fers are compared to the list of data paths 
which was initially entered as declarations 
concerning the system, and all additional 
equipment which is used in this transfer is 
entered in the "equipment used" column of 
the design table. The operators appearing 
in the statement are entered in the "control" 
column. Flags, to be used in the design table 
analysis, are entered in the "time" column, 
if needed. A "0" flag is used to indicate that 
the following row is part of the operation; 
thus, the two rows are to be considered as 
one. A "1" flag indicates that the design table 
is partitioned below that row. 

The Design Table Analysis: This section 
of the translator determines the length of 
time each operation will take, the time when 
it may begin, and sets up the control for the 
next instruction fetch. 

The type of transfer associated with each 
operation in the design table is determined 
by the destination register. If the destination 
register accepts information in parallel, one 
delay will be required for the transfer. If a 
serial transfer is required, then the number 
of delays required for the operation is equal 
to the number of bits in the register involved. 
A delay is the time that the destination regis­
ter requires to process one bit of information. 

Since the GO TO statement effectively 
alters the order in which operations are to 
be performed in the machine, the design table 
must be partitioned so that the timing of each 
branch of the program may be determined 
independently. 

The clock time at which an operation may 
begin is determined as follows: 

1. The first operation in the design table 
can begin at the first clock pulse, de­
noted by t 1 • 

2. The first operation in any partition of 
the design table can begin. at t max +1, 

where t max is the highest clock time 
assigned to any previous operation in 
the design table. 

3. The clock time of the nth operation is 
determined by comparing all registers 
and other equipment used by an opera­
tion against previous operations, within 
the same partition, beginning with the 
(n - 1) st operation, until the conflict 
with the maximum time is found. A 
conflict is said to occur between two 
operations if any equipment is used in 
common by both operations. The n th 



Proceedings-Fall Joint Computer Conference, 1962 / 255 

operation is then begun at a time one 
greater than the time of the conflicting 
operation with the highest time. If no 
conflict is found within the partition, 
the starting time of the fir st operation 
within the partition is also the starting 
time of the n th operation. 

This method of assigning clock times to 
operations ensures that, for the order of 
microsteps as declared, equipment does not 
remain idle needlessly. 

An implicit subroutine, called microse­
quence completion, must be added to each 
microsequence so that, as each microse­
quence is executed, control is transferred to 
the following microsequence. This is accom­
plished by entering in the (i + 1) st row of 
the design table the following: 

a) "0" in column 1 
b) CLOCK in column 4 
c) RESET in column 10 
d) tmax + lin column 11 
e) DeiaYcLocK in column 12 

The Equation Generator: After the oper­
ation of the design table analYSiS, the appli­
cation equations for all the data storage reg­
isters in the machine are generated. Each 
operation in the design table will form a 
term of the application equation for each bit 
of the destination register. This term is 
formed by taking the conjunction of the micro­
sequence name, the corresponding bit of the 
source register, all variables in the control 
column, and the clock time. After all the 
microsequences to be performed by the spec­
ified machine have been processed, the total 
equation for a particular bit of a register is 
formed in a separate sort run by taking the 
disjunction of all terms in which the bit under 
consideration was the destination bit. 

LikeWise, the application equations for 
the control flip-flops are derived from the 
design table based upon the microsequence 
name and the clock times associated with 
each control variable. 

An Example 

Two microsequences will now be u$ed to 
illustrate the functioning of the translator. 
These microsequences do not represent a 
useful routine in a computer system but were 
constructed to illustrate at least one example 
of each type of statement. Assume that all 
information transfers occur in parallel. The 
resulting design tables are shown in Figs. 3 

and 5. The twomicrosequences are as 
follows: 

MICROSEQUENCE 
WIN 
1. P ~Q 
2. K + 1 ~ P 
3. S + T ~ W 
4. X MOVE RIGHT· OFF 3 ~ X 
5. IF K = P 

THEN (6.' W ~ X) 
ELSE (7. W ~ Y 

9. K - 1 ~ P 

MICROSEQUENCE 
LOSE 

8. R6-l0 ~ W2- 6 ) 

1. (K' W v R) ~ X 
2. WIN 
3. M* ~ T 
4. EXCHANGE SAND T 
5. T ~ M* 
6. GO TO 2 

For microsequence WIN, microsteps 1 
and 2 are straightforward entries into the 
table. The fact that BUS1 was used during 
these operations was determined by consult­
ing declarations about the system assumed 
to have been previously entered via the trans­
lator. In microstep 3, row 7, the 0 in column 
11 is used as a flag to indicate that both 
operands (S and T) must be brought to the 
arithmetic unit at the same time. Microstep 
5 is a conditional statement and, as such, 
imposes control conditions upon following 
statements, as indicated by the FF1 and 
-FF1 entries in column 10. 

Microsequence LOSE illustrates some 
different statement types and another feature 
of the translator. In evaluating the Boolean 
expression in microstep 1, the translator 
finds that temporary storage is necessary. 
The translator assigns a name to this regis­
ter (TEMP 1) and notifies the designer that 
this register is necessary if the micro step 
is to be executed in the prescribed manner. 

The analysis section of the translator de­
termines the clock times for the operations 
indicated in the design table. Since parallel 
transfers were assumed, only one delay will 
be required for each transfer; the results are 
shown in Figures 4 and 6. In accord with the 
flags in column 11 of microsequence WIN, 
the beginning times for the operations of 
rows 1 and 2, 3 and 4, etc., are the same. 
An interesting situation occurs in rows 19, 
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Microstep Source Destination Eq. 
t::1 
('D 

Number Row Register Begin End Register Begin End Used Begin End Control Time Delay 00 
dQ. 

k i 1 2 3 4 5 6 7 8 9 10 11 12 ::s 
~ 

1 1 P 1 n BUSI 1 n 0 0 Ii 

2 BUSI 1 n Q 1 n 1 § 
00 

2 3 K 1 n BUSI 1 n 0 0 ..-
~ 

4 BUSI 1 n COUNT 1 n UP 1 ~ 
0 

5 COUNT 1 n BUSI 1 n 0 0 Ii 

6 BUSI 1 n P 1 n 1 
3 7 S 1 n ARITH (A) 1 n ADD 0 5 

8 T 1 n ARITH (B) 1 n ADD 5 
9 ARITH 1 n W 1 n 1 

4 10 X 1 n SHIFT 1 n RIGHT-OFF 1 
11 SHIFT 1 n SHIFT 1 n RIGHT-OFF 1 
12 SHIFT 1 n SHIFT 1 n RIGHT-OFF 1 
13 SHIFT 1 n X 1 n 1 

5 14 K 1 n BUSI 1 n 0 0 
15 BUSI 1 n LOGICAL (A) 1 n EQL 0 3 
16 P 1 n BUS2 1 n 0 0 
17 BUS2 1 n LOGICAL (B) 1 n EQL 3 
18 LOGICAL 1 1 FFI 1 1 1 

6 19 W 1 n X 1 n FFI 1 1 FFI 1 
7 20 W 1 n y 1 n FFI 1 1 - FFI 1 
8 21 R 6 10 W 2 6 FFI 1 1 - FFI 1 
9 22 K 1 n BUSI 1 n 0 0 

23 BUSI 1 n COUNT 1 n DOWN 1 
24 COUNT 1 n BUSI 1 n 0 0 
25 BUSI 1 n P 1 n 1 

Figure 3. Design Table for Microsequence WIN. 



Microstep Source Destination Eq. 
Number Row Register Begin End Register Begin End Used Begin End Control Time Delay 

k i 1 2 3 4 5 6 7 8 9 10 11 12 

1 1 P 1 n BUS1 1 n 1 0 
2 BUS1 1 n Q 1 n 1 1 

2 3 K 1 n BUS1 1 n 2 0 
4 BUS1 1 n COUNT 1 n UP 2 1 
5 COUNT 1 n BUS1 1 n 3 0 
6 BUS1 1 n P 1 n 3 1 

3 7 S 1 n ARITH ~A~ 1 n ADD 1 5 
8 T 1 n ARITH B 1 n ADD 1 5 ~ 

9 ARITH 1 W 1 6 1 
to; 

n n 0 

4 10 X 1 SHIFT 1 RIGHT·OFF 1 1 n n n C'D 

11 SIDFT 1 n SHIFT 1 n RIGHT·OFF 2 1 C'D 
s:L 

12 SHIFT 1 n SHIFT 1 n RIGHT·OFF 3 1 ..... 
::s 

13 SHIFT 1 n X 1 n 4 1 aq 
00 

5 14 K 1 n BUS1 1 n 4 0 I 
15 BUS1 1 n LOGICAL (A) 1 n EQL 4 3 ~ 

16 P 1 BUS2 1 n 4 0 ~ n --17 BUS2 1 n LOGICAL (B) 1 n EQL 4 3 C-t 
18 LOGICAL 1 1 FF1 1 1 7 1 0 ..... 

6 19 W 1 n X 1 n FF1 1 1 FF1 8 1 a 
7 20 W 1 n y 1 n FF1 1 1 .... FF1 8 1 () 

8 21 R 6 10 W 2 6 FF1 1 1 ""'FF1 9 1 0 

9 22 K 1 n BUS1 1 n 4 0 .g 
23 BUS1 1 n COUNT 1 n DOWN 4 1 a 
24 COUNT 1 n BUS1 1 n 7 0 C'D 

to; 

25 BUS1 1 n P 1 n 7 1 () 
999 26 "0" CLOCK RESET 10 1 0 

::s 
I-+) 

C'D 

Figure 4. Design Table for Microsequence WIN after Timing Analysis. I~ ::s n 
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Microstep Destinanon Eq. 1-'. 
(JQ 

Number Row Register Begin End Register Begin End Used Begin End Control Time Delay ::s 
k i 1 2 3 4 5 6 7 8 9 10 11 12 ~ 

"1 

§ 
1 1 K 1 n BUS1 1 n 0 0 

I~ 2 BUS1 1 n LOGICAL (A) 1 n AND 0 3 
3 W 1 n LOGICAL (B) 1 n AND 3 
4 LOGICAL 1 n TEMP1 1 n 1 
5 TEMP1 1 n LOGICAL (A) 1 n OR 0 3 
6 R 1 n LOGICAL (B) 1 n OR 3 
7 LOGICAL 1 n X 1 n 1 1 

2 

a;) 
The entire microsequence WIN is entered here. 

3 34 M I m MEM (ADD) I m 0 I 
35 MEM (DATA) I n T I n I 

4 36 S I n TEMPI 1 n I 
37 T I n S I n 1 
38 TEMP! I n T 1 n I 

5 39 T I n MEM (DATA) I n 0 I 
40 M I m MEM (ADD) I m I I 

6 41 T(k) CLOCK RESET I I 

Figure 5. Design Table for Microsequence LOSE. 



Microstep Source Destination Eq. 
Number Row Register Begin End Register Begin End Used Begin End Control Time Delay 

k i 1 2 3 4 5 6 7 8 9 10 11 12 

1 1 K 1 n BUS1 1 n 1 0 
2 BUS1 1 n LOGICAL (A) 1 n AND 1 3 
3 W 1 n LOGICAL (B) 1 n AND 1 3 
4 LOGICAL 1 n TEMP1 1 n 4 1 
5 TEMP1 1 n LOGICAL (A) 1 n OR 5 3 "'d 
6 R 1 n LOGICAL (B) 1 n OR 5 3 "i 

0 
7 LOGICAL 1 n X 1 n 8 1 n 

CD 
2 

~} The entire microsequence WIN is entered here. {9_j7 
CD 
Q-,.... 
::s 

(Jq 
C/.l 

I 
33 ~ 

Po' 
3 34 M 1 MEM (ADD) 1 14 1 

..... 
m m ..... 

35 MEM (DATA) 1 n T 1 n 14 1 C-t 
0 

4 36 S 1 TEMP1 1 9 1 
,.... 

n n ::s 
I"t" 

37 T 1 n S 1 n 15 1 (') 

38 TEMP1 1 n T 1 n 16 1 0 

5 39 T 1 n MEM (DATA) 1 n 17 1 ~ 
40 M 1 m MEM (ADD) 1 m 17 1 t: 

I"t" 
(l) 

6 41 "9" CLOCK RESET 18 1 "i 

999 42 "0" CLOCK RESET 19 1 (') 
0 
::s 

Figure 6. Design Table for Microsequence LOSE after Timing Analysis. I~ 
"i 
(l) 

::s 
n 
(l) 
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20, and 21. Since the control conditions for The equation generator will convert the 
operations 20 and 21 are the inverse of the design tables into terms which will be com-
conditions for operation 19, operation 19 is bined in a later sort run to form the appli-
ignored during the determination of the cation equations. Terms generated by micro-
starting time for operations 20 and 21. sequence WIN are: 

BUS 11_n = WIN . P 1-n • t 1 

Q 1-n = WIN . BUS 1 1_n . t 1 

BUS1 1_n = WIN . K 1-n · t2 

COUNT 1-n = WIN . BUS1 1_n . UP. t2 

BUS 11_n = WIN • COUNT 1-n . t3 

P1-n = WIN • BUS1 1_n • t3 

ARITH (Ah_n = WIN • S 1-n . ADD· t 1 

ARITH(A)1_n 

ARITH(A)1_n 

ARITH(Ah_n 

ARITH(A)1_n 

ARITH(Bh_n 

ARITH(Bh_n 

ARITH(Bh_n 

ARITH(B)1_n 

ARITH(Bh_n 

= WJN · S1_n · ADD · t2 

= WIN · S1_n · ADD · t3 

= WIN · S1_n · ADD · t4 

= WIN · S ADD t5 1-n 
= WIN · T 1-n · ADD· t1 

= WIN · T 1_n · ADD· t2 

= WIN · T 1_n · ADD· t3 

= WIN · T 1_n · ADD· t4 

= WIN . T 1-n· ADD· t 5 

= WIN . ARITH1_n . t6 W 1-n 

SmFT1_n 

SmFT 1_n 

= WIN . X 1-n . RIGHT· OFF· t1 

SmFT 1_n 

= WIN . SmFT 1-n . RIGHT . OFF . t2 

= WIN . SmFT 1-n . RIGHT . OFF . t3 

X 1-n = WIN SmFT 1-n 

BUS1 1_n = WIN . K 1-r1 • t4 

LOGICAL(A) 1-n = WIN . BUS1 1_n . EQL . t4 

BUS2 1_n = WIN . P 1-n . t4 

LOGICAL(B) 1-n = WIN • BUS2 1_n • EQL . t4 

FF11 = WIN . LOGICAL 1 • t7 

X 1-n 

y 1-n 
W

2
_
6 

BUS1 1_n 
COUNT 1_n 

BUS 1 i-n 

p 1-n 

CLOCK 

= WIN 

= WIN 

= WIN 

= WIN 

= WIN 

= WIN 

= WIN 

= WIN 

· W 1-n . FF1 . t8 

• W 1-n . -FF1 . t8 

· R
6
_

10 . -FF1 . t9 

· K 1_n . t4 
BUS1 1_n . DOWN 

· COUNT1 .. n . t7 

· BUS1 1_n . t7 

· "0" . RESET . t 10 

. t4 
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After all microsequences have been processed, the terms from all microsequences are col­
lected and sorted; and the equations for the system are formed. For example, the equation for 
the first bit of the X register will have the following form: 

Xl = \WIN . SHIFT 1 . t4 v WIN· IW1 . FFI . tSJv 
v 

(from microsequence WIN) 

\ LOSE . LOGICAL! . ts v LOSE· SHIFT ~ . t12 v LOSE . W1 . FFI . t 16) v . _ . 
v 

(from microsequence LOSE) 

CONCLUSION 

The foregoing outlines a programming 
system that is another tool for the computer 
designer. The emphasis has been on the 
representation of a computer system in a 
form suitable for further \ processing by an 
automated design system, or by programs to 
evaluate the cost of the machine under con­
sideration. In general, it is envisioned that 
the user of this system would be the designer 
concerned principally with the overall con­
trol structure of a computer. 

It should be pointed out that the algo­
rithms devised are, to a large degree, a 
func'tion of the class of machines being de­
signed (parallel-synchronous, in the exam­
pIe), and, to a lesser degree, a function of 
assumptions rega~ding characteristics of 
the system elements available to the de­
signer. (For example, the translation algo­
rithm employed would have to be changed 
to accommodate "shifting type" registers.) 
Further changes would have to be incorpo­
rated to give the designer explicit control 
over the concurrences in microsequences 
rather than to arbitrarily exploit the con­
currences (based upon utilization of system 
elements) in the translator. 

The system described herein will be used 
as a vehicle for extending the notation to cover 
wider classes of designs, and to study the 
implications of the notational devices to ca­
nonical representation of computer systems. 

It has not escaped the authors that the 
language described in this paper is essen­
tially the form necessary for functional 
simulation of computers, and that it would 
be a relatively simple task to write a trans­
lator that would generate a simulation pro­
gram representing a proposed machine de­
sign, either on a functional level or on an 
individual clock pulse baSis. 
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COMPROTEIN: A COMPUTER PROGRAM TO AID 
PRIMARY PROTEIN STRUCTURE DETERMINATION* 

Margaret Oakley Dayhoff and Robert S. Ledley 
National Biomedical Research Foundation 

Silver Spring, Maryland 

INTRODUCTION 

Among the main chemical constituents of 
the human body-and, in fact, of all living 
things-are proteins. In addition to serving 
as component structural parts of many types 
of living tissues, the proteins are enzymes 
that are necessary in order that the chemical 
reactions which comprise the life processes 
may occur. The protein enzymes act to 
"decode" the message of the genes, inter­
preting this message in terms of specific 
chemical reactions which determine the phys­
ical and functional characteristics of the 
organism. Thus proteins playa uniquely vital 
role in the evolution, ontogeny, and mainte­
nance of living organisms. It therefore be­
comes important when studying the basis of 
life processes to know the structure of the 
proteins themselves. 

In spite of their highly complex role, the 
molecular structure of proteins is, in prin­
Ciple, relatively simple: they are long chains 
of only twenty different types of smaller 
molecular "links" called amino acids (see 
Figure 1). Each type of protein is charac­
terized by a particular ordering of the amino 
acid links, and a major problem in finding 
the exact structure of a protein is to obtain 
the ordering of the amino acids in the chain. 

This ordering is of great interest because it 
is the order of the amino acids in a protein 
that is determined by the gene. Thus, accord­
ing to current biological theory, the gene de­
termines which proteins will be made by 
determining the order of the amino acids in 
the protein chain and it is these proteins in 
turn, acting as enzymes, that control the 
chemical processes that determine the phys­
ical and functional characteristics of the 
organism. 

Finding the amino acid order of a protein 
chain has proved a time consuming process 
for the biochemist; in fact, only about 6 com­
plete or almost complete protein orderings 
have been found so far, namely those of insu­
lin [1 ], hemoglobin [2], ribonuclease [3], 
tobacco mosaic virus protein [4 ], myo­
globin [5], and cytochrome C [6]. The basic 
technique used on all these proteins (with the 
exception of myoglobin). was to breakdown the 
long chain chemically into smaller fragment 
chains at several different points, to analyze 
the amino acids in each fragment chemically, 
and then to try to reconstruct the entire pro­
tein chain by a logical and combinatorial ex­
amination of over lapping fragments from the 
different breakdowns. It is in this reconstruc­
tion of the protein that the computer finds its 
application. 

*The research reported in this paper has been supported by Grana GM 08710 from the National 
Institutes of Health, Division of General Medical Sciences, to the National Biomedical Research 
Foundation. 
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Name Abbreviation Name Abbreviation 

1 alanine ALA 11 leucine LEU 
2 arginine ARG 12 lysine LYS 
3 asparagine ASN 13 methionine MET 
4 aspartic acid ASP 14 phenylalanine PHE 
5 cysteine CYS 15 proline PRO 
6 glycine GLY 16 serine SER 
7 glutamine GLN 17 threonine THR 
8 glutamic acid GLU 18 tyrosine TYR 
9 histidine HIS lQ tryptophane TRY 

10 isoleucine ILU 20 valine VAL 

Figure 1. A listing of the amino acids with their abbreviations is shown in the upper section 
and the lower indicates part of the protein ribonuclease which actually comprises a chain of 
some 124 amino acids. 

As a trivial example, suppose that for a 
protein one chemical breakdown produced the 
fragment chains of known ordering, 

Breakdown P: AB, CD, and E 

Where A, B, C, D and E each occur once and 
only once in the protein. Let us call this a 
complete breakdown, and let another break­
down, this time incomplete, produce the frag­
ments 

Breakdown Q: BC and DE 

where A, B, C, D, and E represent amino 
acids. Here fragment BC in Breakdown Q 
(see Figure 2a) clearly overlaps the two frag­
ments AB and CD of Breakdown P, and DE 
overlaps CD and E of breakdown P, giving as 
the reconstructed protein 

ABCDE. 

As another example, consider the more com­
mon case where the amino acid components 
of a fragment are known, but the order of 
these within the fragment is unknown. Let 
parentheses indicate that the order theyen­
close is unknown [e.g., (A, B, C) represents 
the six permutations of A, B, C; (D, E) rep­
resents either DE or ED; (A, B, C) (D, E) 
represents the 6 x 2 = 12 fragments of each 
of the six permutations in (A, B, C) followed 
by DE or ED etc.], and suppose that one com­
plete breakdown is 

Breakdown P: (A, B, C) and (D, E) 

and that another, incomplete, breakdown is 

Breakdown Q: (A, B) and (C, D) 

Clearly (C, D) of breakdown Q overlaps (A, 
B, C) and (D, E) of breakdown P but (A, B) 
is contained within (A, B, C). Hence, since 
each amino acid has distinct "left" and "right" 
ends, two possible protein reconstructions 
result, namely (see Figure 2b) 

(A, B) (C) (D) (E) and (E) (D) (C) (A, B) 

where in each possibility the order of A, B 
still remains unknown. Such partial recon­
structions frequently occur, and pinpoint for 
the biochemist that portion of the molecule 
on which further effort is required. 

Unfortunately, however, the problems in­
volved in reconstructing proteins are not as 
simple as in the examples just given. The 
largest protein analyzed so far, the tobacco 
mosaic virus protein, has only 158 amino 
acids whereas proteins usually have chains 
of many hundreds of amino acid links. Since 
the number of combinations on n things taken 
r at a time (1< r < n) increases more rapidly 
than does!! itself, it is to be expected that the 
difficulties in piecing together the fragments 
of a protein will increase p-roportionally faster 
than the number of amino acids in the protein. 
In addition, there may be occasional errors 
in the fragments reported by the biochemist, 
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Breakdown P I I I I r----1 

A B C D E 
Breakdown Q(a): I I 

Breakdown P I I I I I I I I 
A B C D E or E D C A B 

Breakdown Q(b): I I I 

Figure 2. Illustration of two different breakdowns of a protein into amino acid fragments 
(see text). 

as well as other aberrations in the data. 
Hence the logical and combinatorial problems 
can become severe, and a computer is then 
required to assist in the analysis. 

The advantage of computer aid is that it 
may help significantly to extend the current 
chemical analysis methods of determining 
the amino acid sequences of proteins to many 
more and much larger proteins. Byexhaus­
tively analyzing the possibilities of protein 
reconstructions, the computer may assist in 
determining the best next step to try in the 
chemical analysis processes. In addition, it 
should be noted that presently the chemical 
analysis is carefully planned to produce re­
sults that will be logically simple for mental 
analysis. The use of a computer to perform 
the logical analysis. may thus allow Significant 
simplification and further systematization of 
the chemical experimental procedures by 
placing more of the burden ·on the automated 
logical and combinatorial analysis and less 
on the experimental procedures. 

In this paper we shall describe a com­
pleted computer program for the IBM 7090, 
which to our knowledge is the first successful 
attempt at aiding the analysis of the amino 
acid chain structure of protein [7]. The idea 
was conceived by us in 1958, but actual pro­
gramming was not initiated until late 1960. 
D. F. Bradley, S. A. Bernhard, and W. L. 
Duda have independently reported, in an as­
yet unpublished paper [8], progress in ap­
proaching a similar problem. R.. Eck has 
reported on a system for using marginal­
punch cards to aid in certain aspects of the 
logical analysis problem [9]. 

A SIMPLIFIED ILLUSTRATION 

Discussio~ of the programming methods 
utilized will be clarified if. we first consider 

a simple illustration. Suppose a complete 
breakdown P is made by the biochemist as in 
Figure 3, and that another breakdown Q is 
also known but not complete (see Figure 3). 

Complete breakdown 
P LIST 

P 1 (R)(A,B) 
p 2 (D)(B)(C,A) 
p 3 (A)(C)(D)(X,A)(C) 
P4 (B) (D) (B) (D) (A,B,D) 
p 5 (C)(A)(Z) 

Incomplete 
breakdown 

Q LIST 

q 1 (A)(B,B,D) 
q 2 (A)(C,A,C) 
q3 (X)(A,C ,B) 
q4 (B)(A,A,C,D) 
q 5 (A)(B,C ,D) 

Figure 3. Breakdowns of protein fragments 
for the illustration in the text. 

In Figure 4 we show how such breakdowns P 
and Qcan occur from our hypothetical pro­
tein, but the problem is to reconstruct this 
from the fragments given in Figure 3. Since 
each fragment qi of breakdown Q musteither 
overlap several fragments of P, or else be 
included within some fragment of P, let us 
start by making a list for each q i of all pos­
sible such associated P fragments; Figure 5 
shows such lists for our illustration. As an 
example of how 'each entry in a list is found, 
consider the test of whether or not q4 over­
laps P4P5 where 

q4 is (B)(A,A,C,D) 

and where 

P4 is (B)(D)(B)(D)(A,B,D), Psis (C)(A)(Z) 

The problem is to determine if each acid of 
<4 can be accounted for in p 4 and p 5' First 
note that the maximum overlap between q4 
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Pl P2 P3 P4 Ps 

RIA Blln BIIA C
I IA C

1 
nix A c i IB 

I D B DIB A n
l .I c A Z I 

I 

ql q2 q3 q4 

qs 

Figure 4. lllustration of sources of peptide fragments from protein molecule 
illustrated in the text. 

ql q2 q3 q4 qs 

PlP2 P2 P3 P3 P4 PI P3 PI P2 

P l P4 P2 Ps P4 P3 P2 P4 

P2 P4 P3 Ps P4 Ps P3 P2 

P4P2 P3 P4 

Figure 5. The q lists for the illustration 
in the text. 

and P4 is (B ,A,D), on the right of P 4. This 
leaves (A,C) of q4 "hanging over" on the right 
of Q4, to be accounted for in P 5' This is 
clearly possible, resulting in the overlap: 

P4 Ps 

j (B)(D)(B)(D)(B)(A,D) I I (C)(A)(Z) I 

(B)(A,D) (C)(A) 
I I 

44 

In order to determine all the entries in all 
the lists, such trials must be made by the 
computer for every pair of fragments PiP P 
for each qk' 

However, . just forming the lists is but the 
first step in reconstructing the protein chain. 
The next step is an elimination process to 
leave only the consistent possibilities. For 
instance, q3 can only arise from P3P4; hence 
P3 must be followed by P4, and P4 must be 
preceeded by P3, and therefore all other pos­
sibilities in other lists involving P3 and P4 
can be eliminated-such as PlP4, P2P4 and 
PSP4 in the qllist of Figure 5, P3PS in the q2 
list, P4P3 in the ~ list, andp2P4andp3P2 in the 

qs list.* This leaves in the list for ql only 
PlP2 and P4P2' H we first assume that PlP2 
is overlapped by ql, then in the q4 list only 
P4PS remains, and hence in the q2 list only 
P2P3 remains, giving altogether these adja­
cent .fragments, 

which determine the structure as 

On utilizing PI, P2, P3 and P4 we find as the 
final struc ture: 

(R)(A)(B)(D)(B)(A)(C)(A)(C)(D)(X) 
(A)(C)(B)(D)(B)(I»(B)(A,D)(C)(A)(Z) 

Returning to the second possibility in the 
ql overlap list, namely P4P2, this leaves only 
PIP 3 in the q4 list, which in turn leaves only 
P2PS in the q 2 list. Hence a secondpossibil­
ity for adjacent fragments is 

which gives the structure 

(R)(B)(A)(A)(C)(I»(X)(A)(C)(B)(D) 
(B)(D)(I»(A)(B)(D)(B)(A)(C)(C)(A)(Z) 

*Actually, it is also necessary to eliminate 
the occurrence of P4 in the lists by replac­
ing it with P3*, which stands for P3P4' This 
is to insure that an impossible succession 
of conditions such as PIP2' P2 P 3' P3P l is not 
produced. 
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COMPUTER HANDLING OF BIOCHEMICAL 
INFORMATION 

The problems involved in writing a com­
puter program, however, are not as straight­
forward as the above illustration might indi­
cate. The biochemist utilizes enzymes to 
break up (hydrolyze) the protein into the 
fragments that we have been considering; 
these fragments are called peptides by the 
biochemist. The enzymes commonly used, 
such as subtilisin and chymotrypsin, produce 
an assortment of peptides which may overlap 
each other. Hence a problem arises in ac­
tually arriving at a complete set of peptide 
fragments, as illustrated above in the break­
down P. In addition, for several reasons, the 
biochemical experiments very often do not 
result in integer values for the number of 
amino acids of a particular kind that occur in 
a peptide fragment. This second uncertainty 
problem must also be taken into account by 
the computer program. Furthermore, there 
may be experimental errors in the amino 
acid composition and ordering 0 f . some 
peptides. 

In the case of overlapping peptide frag­
ments from a hydrolytic breakdown, the com­
puter program tries to reconstruct a complete 
set of fragments from overlapping subsets of 
fragments. The procedure of accomplishing 
this is to look for every group of two, three, 
or four acids known to be adjacent in some 
peptide. Then, for each such group, the prob­
ability that this particular group will occur 
again in the protein chain is computed from 
the amino acid frequency data. For instance, 
if the ordered pair LYS-PHE occurs, and it 
is known thatthere arefive LYSresidues and 
four PHE residues in the entire protein chain 
of, say, 150 amino acid links altogether, then 
the probability that another such L YS-PHE 
pair will occur is approximately 4 x 3/150. 

If the probability is small that another 
such group occurs, it is most likely that all 
of the peptides containing this group should 
a~ise from the same part of the protein; hence 
these peptides are sorted out. All possible 
fragments that can be reconstructed from 
these (overlapping) peptides are then deter­
mined. 

It may happen, however, that all these 
peptides cannot "fit" into any reconstructed 
fragment; this indicates either that some 
peptide must arise from a different place 
on the protein or that there may be an 

experimental error. In such a case the ex­
perimental results are reconsidered from a 
chemical point of view. 

Of course, there is a smallbutfiniteprob­
ability that a miSinterpretation can be made 
at this point and an erroneous peptide con­
structed, such as could occur if a highly un­
likely configuration actually occurred more 
than once in the protei~ or if there were lost 
peptides from a particular region but the 
existing peptides fortuitously fit. However, 
it is likely that in any case, in later building 
up of the protein, an inconsistency would 
arise, leading to the rejection of this erro­
neously constructed peptide .. 

Some peptides may contain two or more 
groups on which searches are made. Recon­
structed fragments containing these peptides 
must be joined together themselves. Hence 
the program merges these fragments to ob­
tain all possible larger fragments. Such pro­
cedures will fix the relationships of many 
amino acids beyond that given in the initial 
data. These new relationships change the 
probabilities of occurrence of the two, three, 
or four amino acid groups. The probabilitie s 
are accordingly recalculated, and once more 
searches on improbable groups are made, 
leading to further merges of fragments into 
even larger fragments. This process is re­
peated by an iterative program until less than 
about 20 fragments remain. 

Further details must be taken into consid­
eration by the program: the set of fragments 
may still not be complete; there may exist 
alternative possibilities for a fragment; and 
there may be gaps in the chain where all the 
peptides were lost. 

After obtaining a complete, or almost 
complete, set of fragments by iteration of the 
searching procedure, the program can con­
tinue toward reconstructing the entire pro­
tein utilizing the remainingpeptides not used 
in the building up of the complete set P as 
the Q set of peptides (see example above). 

It should be noted that in the various phases 
of the reconstruction of the protein the as­
sumption is made that the total amino acid 
content of the entire protein and of the frag­
ments is known. There is always, however, 
some experimental uncertainty in the number 
of amino acids of each type in the protein, to 
within a fraction of one amino acid. As· a 
rule, the larger number of amino acids is 
al ways chosen initially. If an extra acid is 
thereby included in the computations, it may 
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be eliminated at the end, by a procedure de­
scribed below. 

Completing the final reconstruction of the 
protein again can present further details 
which must be taken into consideration by 
the computer program. Some peptides may 
appear to overlap at only one amino acid. If 
this occurs it would be unwise to conclude 
definitely that this represented a true over­
lap. Hence "pseudofragments" are used 
which consist of each overlapping fragment 
without the common amino acid. 

Single amino acids to complete the P set, 
as required by the amino acid constitution of 
the protein are considered with the larger 
fragments. 

If extra amino acids are so included, the 
final answer showing which fragments must 
be attached may place no attachment restric­
tions on these extra acids. In this case, if 
the acid arose from a fractional experimental 
result (see above), one may presume that it 
does not actually occur in the molecule. 
Otherwise further experimentation may be 
required. For example, if amino acid X is 
added to the P list in Figure 3, the Q lists 
will be unaffected and the resulting answers 
will be unchanged. One might conclude that 
either X really didn't belong in the P list or 
it could be at either end of the molecule. It 
is sometimes known which amino acids are 
on the right and left ends of the protein itself, 
and this information can further reduce the 
final possibilities. 

DESCRIPTION OF COMPUTER PRO­
GRAMMING SYSTEM 

The computer programming system to aid 
protein analysis has been written in a flexible 
manner. The computer input and output is in 
terms of three letter abbreviations for the 
amino acids, with the parentheses notation 
for ordered and unordered sets as described 
above. Intermediate results are printed out 
for examination by the biochemist; in fact the 
entire process is geared for a close coopera­
tive effort between the computer and the bio­
chemist during the entire analysis. This is 
necessary in order to take advantage of the 
special conditions presented by any particular 
protein and type of chemical experimental 
procedures. For example it might be con­
venient to omit all prolines from the peptides, 
or not to consider a distinction between Glu 
and GIn. Special rules might be introduced 

regarding end-groups from hydrolyses by 
certainenzymes, etc. Such special consider­
ations can be handled by the programming 
system, and make it easier to spot errors in 
the experimental data. 

The programming system is based on the 
following six programs: 

(1) MAXLAP: Program to find the max­
imum possible overlap between any two pep­
tides with any amount of ordering informa­
tion known. 

.(2) MERGE: Pro gram to find all 
possible over lapping configurations of two 
peptides. 

(3) PEPT: Program to find all possible 
fragments that are consistent with the over­
lapping of any number of peptides. 

(4) SEARCH: Program to search on 
probabilistic considerations all peptides 
which contain an unusual group of amino 
acids. 

(5) QLIST: Program to generate the Q­
lists of possible associated sets of P peptides 
over which each q i fragment can fit. 

(6) LOGRED: Program to perform the 
logical reduction of the Q-lists to obtain all 
possible protein structures that are consist­
ent with the data. 

Since detailed flow diagrams would consume 
too much space and not be appropriate for 
the present discussion, we have included here 
only gross overall flow diagrams of these 
programs. Each of the six programs will 
nowbe described, and simple examples illus­
trating some of the methods involved will be 
given. (For further details see "Sequencing 
of Amino Acids in Proteins Using Computer 
Aids," Report No. 62072/8710, National Bio­
medical Research Foundation, Silver Spring, 
Md., July 1962.) 

Program MAXLAP (Figure 6). In this 
program p and q are peptide fragments, 
PCOM and QCOM are lists of acids from 
these peptides respectively which may pro­
vide the maximum overlap. After setting up 
a tentative maximum number of positions 
(Le., amino acids) of overlap, three cases 
may be distinguished as illustrated by the 
three examples of Figure 7. In the first ex­
ample there is the successful maximum over­
lap situation where all of p or q is over­
lapped. Here MV is the list of all the acids 
from PCOM and QCOM which match; with this 
maximum overlap, the complete maximum 
overlap pro t e i n fragment is shown. In 
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START 

~ 
Assume tentative maximum 

number of overlap positions 
of p and q. 

I Clear PCOM,QCOM, and MV. J 
.. 

+ 
Enter first group of p in PCOM. I 
Enter first group of q in QCOM. 

i' 
I Match elements of PCOM and QCOM. 

and move matchinq acids into MV. 

Yes t No 
\. Is PCOM or QCOM empty ? J 

! 
Is p or ~}- Yes 

~ Are there more elements Yl used up in QCOM than in PCOM ? 
No i 

Add next group Shift q to right the Shift q to right until 
from peptide minimum amount so that all QCOM elements 
list to empty all these PCOM ele- can match elements of p 
list PCOM or ments can appear in or extend past the end of 

QCOM. the nonoverlapping p. 
I r- first portion of p. Deduce the new number of 

Deduce new number of positions in the tentative 
Maximum over- positions in the ten- maximum overlap and the 
lap is found tative maximum over- content of the first p 

in MV. lap and the content group. 
See example I. of the first p group. See example III. 

See example II. 

~ " 
( Are there any elements Yes 

, in the tentative p structure ? 
t No \ DONE t .. I 

overlap of p and q. I RETURN I I No 

Figure 6. Flow Chart for Program MAXLAP. 

Example I p: 
q: 

MV: 
Protein fragment with maximum overlap: 

Example II p: 
q: 

New tentative maximum 
Over lap structures 

Protein fragment with maximum overlap: 

Example ill p: 
q: 

New tentative maximum 
Overlap structures 

Protein fragment with maximum overlap: 

(A,B)(C,D) 
(C ,B,A)(F ,G,D) 
(A,B)(C)(D) 
(A,B)(C)(D)(F,G) 

(C)(D,E,F) 
(D,C,E)(G,H) 
(C)(F,D,E) 

(D,C,E)(G,H) 
(C)(F)(D,E)(C)(G,H) 

(A,B)(B,E,A)(D) 
(B) (A,D,E)(F) 
(A,B) (B,E ,A) (D) 

(B)(A,D,E)(F) 
(A,B) (B) (A,E ) (D) (F) 

Figure 7. Examples of the three cases considered in flow chart of program MAXLAP. 
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the second example all of p cannot be over­
lapped by q, and hence new tentative overlap 
positions must be assumed. Here F is the 
limiting acid since it does not appear in q. 
In the third example even though D appears 
in both p and q, new tentative overlap posi­
tions must be assumed, because in p the D 
acid is restricted in position at the right. 

Program MERGE (Figure 8). Once the max­
imum overlap has been determined, all other 
possible overlaps can be determined. Several 
cases can occur. First the essentially trivial 
cases of p and q entirely disjoint, as in 

p: (A,B,C) 

or else q a subset of p as in 

Find the structure of 
maximum overlap of p 

and q. 

q: (D,E) 

p and q are derived 
from separate por­
tions of the molecule. 

q is wholly contained 
in p, but not in a 
unique position. 

mation to include 
at this time. 
Return. 

Yes 

p and q can be derived 
from the same portion 
of the protein chain. 

List the structure. 

Does the first overlapping 
group of p contain one 
amino acid? 

Does the first overlapping 
group of p contain more than 
five acids? 

No 

Generate all unique single 
acids, pairs of acids, 
triplets or quadruplets 
from this first overlapping 
group of p. 

Can q overlap each whole 
peptide formed from this 
first group and the rest 
of the ppeptide ? 

Yes 
Reform p peptide starting 
with the next p group. 

Figure 8. Flow Chart for Program MERGE. 
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p: (A,B,C ,D) q: (B,C) 

If neither of these is the case, as for example 
in 

p: (A,B,B,D) q: (B)(B,D)(G) 

the first overlapping group of p is considered, 
which for our later example is 

(B,B,D) 

If this first overlapping group contains not 
more than five nor less than two acids, it 
warrants further consideration. A list is 
made of all singles, pairs, triplets and quad­
ruplets of acids that can be formed from this 
overlapping group, which for our example is 

(B) (D) (B,D) (B,B) 

Next each of these is examined to see if it 
can overlap with q. For an example we have 
respectively 

(A,B,D)(B)(B,D) G, none, 
(A,B)(B)(D)(B)(G), and (A,D)(B)(B)(D)(G) 

where we have underlined the overlapping 
group to the left of which p fits and to the 
right of which q fits. Finally the peptide is 
re-formed starting with the next group, and so 
forth, until all the over lapping groups of p 
and q have been considered. 

Program PEPT (Figure 9). This program 
extends the previously discussed program 
MERGE in that it finds all of the possible 
structures of the protein chain consistent with 
the overlapping of all the peptides obtained 
from a search for all experimental peptides 
with a rare configuration of amino acids. The 
overlapping portion of these acids must con­
tain the group of rare amino aCids, called 
SAA in the flow chart. The list resulting from 
the search is called MCa in the flow chart. 

Program SEARCH (Figure 10). This pro­
gram systematically looks at each pair, tri­
plet, and quadruplet of amino acids that are 
known to occur together from the experimental 
peptide fragment data. For each such group, 
the probability of its occurrence is computed 
from the amino acid frequency data as de­
scribed above. A list, called Num(L) in the 
flow chart, is made of these groups of amino 
acids known to occur together which are im­
probable of occurrence (Le., less .probable 

C START 

t 
For one MCO(N) and for one MCO(J) 
where J) N, find a 11 the over laps 
that contain the elements of SAA. 
Continue through J and N until 

successful. 

I Form a Ii st of merged peptides. I 

t 
For a 11 MCO(K) where K') J, 
find all the overlaps of the 
MCO(K) peptide with each 
peptide of the previous 

merged list. 

Print out all the peptides 
that could not merge. 

Print out all the peptides 
too ambiguous in structure 
to consider at this time. 

Print out all the 
peptides that are 

merged. 

Print out the merged structures. 

C END) 

Figure 9. Flow Chart for Program PEPT. 

than some chosen value). The letter L is used 
to index the elements of the list Num(L). 
Finally the program utilizes PEPT to gen­
erate and print out all possible merged 
structures. For example suppose a search 
was made on the ordered pair 

LYS-PHE 

and there resulted the following fragments: 

(ALA)(ALA, ALA, LYS)(PHE) 
(ALA)(ALA, LYS)(PHE) 
(ALA)(LYS, PHE, GLU, ARG)(GLU) 
(LYS)(PHE) 

The merged structure becomes 

(ALA)(ALA)(ALA)(L YS) 
(PHE)(GL U,ARG)(GL U) 
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number. Yes 
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For N=2,3,or 4 
search all the 
peptides for N 
amino acids known 
to ether. 

Compute probability tHat 
these N acids might occur 
together in two places in 
the protein chain, from 
the amino acid frequency 

data. 

Is part or all of this 
amino acid group already 

listed in Num(L) ? 
No 

Yes 

List group of acids in Num(L). 

For each input peptide, 
can it contain the amino 
acids Num(L) adjacent to 

each other ? 

one 

Yes 

Call PEPT to determine all 
of the possible protein 
chain configurations con­
sistent with these peptides 
all overlapping by the 
amount of the searched-on 

acids, Num(L). 

Print out the sorted input 
peptides and the possible 

merged structures. 

No 

Figure 10. Flow Chart for Program SEARCH. 

Program QLIST (Figure 11). This pro­
gram forms the lists of peptides related by 
each fragment q 1. It is to be noted that each 
element of a Q list may contain up to five p 
fragments (although in our example of sec­
tion 2 only two peptides appeared in each 

element of the Q lists). The input to this 
program is a list P of peptides which in some 
order will reconstruct the original protein 
and a list Q of peptides which give additional 
ordering information about the protein. In 
the flow chart P' is a hypothetical peptide 
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( START 

+ 
r-------~',.~ For all q peptides .\ 

t 
For all p peptides. ~~-----------. 

J 
Form new P'by adding 

r--------'3-..... ~ the next peptide in 
, the P list to the 

No 

right end of p~ 

Can q overlap some of 
each p peptide in pi? 

t Yes No 

Does q still extend 
to the right of pi? 

Yes "-, Does p/contain 
5 p peptides ? 

No Yes 

, 
Print out a list of P 
peptide numbers in p~ 
This is a possible con­
figuration of the pro­
tein, from which q was 

derived. 

~J Remove the last 
~------------~~ ". I p peptide in pl. ... 

t 
No Was this the last 

'-------------"-;..;;....--i pep tide in the P 1 is t . ? 

i Yes 
( Is pi empty? )J--_.N __ O ___ ____ 

i Yes 
No Was this the last q 

peptide in Q list ? 

i Yes 
END) 

Figure 11. Flow Chart for Program Q LIST. 

constructed by the juxtaposition of up to five 
P peptides. 

Program LOGRED (Figure 12). In this 
program the Q lists are given. Calling each 
term of a Q lists a condition, the flow chart 
involves the lists: MQ(M) of conditions on 
the assumption of the Mth tentative condition; 
MQI of conditions being considered; and IR(M) 

of tentative conditions which determine a 
possible protein structure. The symbol 
MTI(J) is the last condition considered in the 
Jth Q list. The program follows a tree struc­
ture of possibilities, keeping tract of tenta­
tive conditions until a branch is eliminated 
or comes to a successful conclusion. The 
program follows with greater generalization 
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START) 

t 

ILet M=l I 
MTl(J)=O 

f 
Find the shortest Q list 
of those remaining to be 

considered. 

Clear M th 1 ists of 
conditions MO(M) 
and tentative con­
di tiDn lR(M) 

No r Any more possible conditions 
I-E--~----t to be cons idered in this 1 ist ? 

Yes 
Exit 

(M=M-l) 
~ 

M=O ? ) 

No 

Transfer Mthreduced 
o lists from MO(M) to 

MOL 

y Yes 
C MTl (J)=MTl (J)+ 1.) 

'f 

I Assume that condition J 
number Mll(J) is true. 

....... Yes f ) ~----'~--1\. Any lists vanish? 

No 

Replace by first peptide of 
tentative condition any other 
peptides of this condition 
which occur in the other 

conditions. 

Transfer MOl lists to MO(M). 

Store tentative condition in lR(M). 

t 
I---------{~ M=M+ 1 ;J-ooIE"':---__ ---iN:..::.:o"--_-t( All 0 cond i t ions sa tis f i ed ? ) 

Yes 

Print out tentative condition 
list IR. 

These P peptide associations 
determine a possible protein 

structure. 
Clear IR(M). 

Transfer MO(M) lists to MOl. 

Figure 12. Flow Chart for Program LOGRED. 

-

the method of the "simplified illustration" of 
the second section of this paper. 

SUMMARY AND CONCLUSION 

The computer program described in this 
paper becomes useful when there is a large 

number of small peptide fragments resulting 
from the breakdowns which are to be woven 
into a consistent and unique structure. This 
is a long tedious process when carried out 
by hand, and is subject to careless errors 
and impatient overlooking of all alternative 



274 / Comprotein: A Computer Program to Aid Primary Protein Structure Determination 

possibilities/!c The completed IBM 7090 
Computer program has been successfully 
tested on a hypothetical subtilysin breakdown 
of ribonuclease into over eighty fragments. 

Just a s the proteins are composed of 
c,hains of the same types of molecules, the 
genetic substances desoxyribonucleaic acid 
(DNA) and ribonucleaic acid (RNA) are com­
posed of chains of only four different types 
of molecules called the nucleotide bases. It 
is possible that the order of the molecules 
in these substances can also be determined 
by the aid of this computer program and some 
computer experiments in this direction have 
been made. However, application of these 

*Dr. Wm. Dreyer, of National Institutes of 
Health, has developed chemical technique s 
for isolating a large percentage of the pep­
tide s formed in a subtilisin hydrolysis, and 
for determining the total amino acid content 
and identifying the right and left ends of the 
peptide f rag men t s. This experimental 
technique is very rapid and can be mech­
anized to a large extent; thus data taking 
should be reduced to months instead of year s. 
The computer program is ideally suited for 
analysing this type of data. 

The computations in this paper were done 
in the Computing Center of the Johns Hop­
kins Medical Institutions, which is supported 
by Research Grant, RG 9058, from the 
National Institute s of Health and by Educa­
tional ContributionS' from the International 
Business Machines Corporation. 

techniques to DNA and RNA still awaits fur­
ther development in the chemical experi­
mental methods. 
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USING GIFS IN THE ANALYSIS AND 

DESIGN OF PROCESS SYSTEMS 

William H. Dodrill 
Service Bureau Corporation 

Subsidiary oj International Business Machines 

A process system may be defined as an 
integrated combination of equipment which 
functions to produce one or more products, 
and possibly byproducts, by altering the 
physical and/or chemical nature of raw 
materials. Even though there is wide diver­
sity in products produced, raw materials 
used, and equipment combinations employed, 
all process systems exhibit certain funda ... 
mental similarities. Characteristically, any 
process system may be subdivided into three 
operational phases. These are: preparation 
of raw materials, conversion to products, and 
recovery and purification. All three phases 
may not necessarily be included in a specific 

process system, nor is there always clear 
distinction among them. Still, there is uni­
versality in practice in that only a limited 
number of types of equipment are used to 
perform speCific types of operations. 

As an example of a relatively simple, but 
fairly typical, process system, consider the 
flow diagram for high-temperature isomer­
zation reproduced in Figure 1. This is an 
operation performed in petroleum refining 
to improve the octane rating of certain gaso­
line constituents. It consists of a reactor 
for converSion, a flash drum and three 
distillation columns for recovery and puri­
fication, and several pieces of auxiliary 

@) RECYCLE PROPANE 

ISO-PROPANE 
FUEL 

PRODUCT VENT GAS 

® 
RECYCLE HYDROGEN 

@ 
MAKEUP HYDROGE"N 

C\I 

z 
0 

FEED i= 
~ 

CD 0) 
...J 
...J 

~ 
(/) 

0 

@ 
PRODUCT 

Figure 1. High-Temperature Isomerization 
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equipment. Distillation 1 also serves in pre­
liminary preparation of the feed. Let us 
suppose that a unit similar to this is to be 
built for a particular refinery. Before indi­
vidual pieces of equipment can be ordered or 
fabricated, it is necessary that their sizes 
and capacities be specified. This type of 
analysis is termed process design. 

Prior to the general availability of com­
puter methods, the process design engineer 
was forced to rely almost exclusively on in­
formation obtained from physical systems. 
Thus, if information about a similar unit, 
which was 0 per at i n g satisfactorily, was 
available, the design engineer merely gave 
the same or slightly modified specifications. 
For new processes, or processes for which 
comparison information was not available, he 
had to resort to scaleup from a pilot unit, 
construction of the pilot unit, in turn, being 
based on scaleup from a bench or laboratory 
unit. Thus, information required for con­
struction of each process system was derived 
from a bench or laboratory model, through 
pilot unit, to production unit. This procedure 
is costly and time consuming. Further, the 
difficulties involved in experimenting with 
physical systems, especially of plant scale, 
all but prohibits investigation of anything 
more than minor design modifications. 

As an alternate method of deSign, many 
computational methods are used. However, 
rigorous computations are too laborious for 
practical hand solution. As a consequence, 
only shortcut and approximate methods are 
used regularly, and their primary applica­
tion is limited to supplementing plant and 
pilot information. Now that economical and 
reliable machine computations are readily 
available, lengthy, as well as complex, com­
putational procedures are increasing in util­
ity. DeSign is still ultimately based on com­
parison information, but this dependence is 
becoming less critical. 

One of the many applications of computers 
in process design is in implementing the use 
of mathematical models. A mathematical 
model may be defined as a series of arith­
metical operations performed to compute 
numerical values which represent certain 
performance characteristics of a physical 
system. Required input information are nu­
merical values for design and operating con­
ditions. A wide range in complexity is 
exhibited by the mathematical models which 
are programmed for com put e r solution. 

Some, such as for the mixing of two streams, 
are very simple, while others are very com­
plex, requiring many hours of high-speed 
computer time for solution. The general 
concept, though, is the same. That is, given 
a numerical evaluation of operating and de­
sign conditions, the objective is to compute an 
estimate of performance characteristics for a 
corresponding physical system. Actually, this 
describes the simulation of a physical sys­
tem using a mathematical model. An alter­
nate type of mathematical model can be 
formulated for direct design. Accordingly, 
given numerical values" for operating param­
eters and performance restrictions, nu­
merical values for required design can be 
computed directly. Formulation of this type 
of model is normally much more difficult. 

Many simulations for commonly used 
pieces of industrial equipment are being 
processed daily. However, this often re­
quires theoretical isolation from the proc­
ess system of which the piece of equipment 
is an integral part, and so may result in 
significant error. That is, the functional in­
terrelationship of pieces of process equip­
ment may be so significant, even with re­
spect to the piece being" studied, that gross 
errors in analysis may result when the ef­
fects of proposed modifications on the system 
are neglected. This is one of the primary 
motivations behind the development of Gen­
eralized Interrelated Flow Simulation, GIFS. 
That is, even more important than providing 
a convenient "means Of using preprogrammed 
mathematical models, GIFS provides a means 
of analyzing a process system as an inte­
grated network. 

The development of GIFS (Generalized in­
terrelated Flow Simulation) is based on study 
of a wide variety of industries. Representa­
tive among these are: petroleum refining, 
metals production, and manufacture of chem­
icals, pharmaceuticals, pigments, plastics, 
and pulp and paper. In essence, all of these 
represent special cases of continuous flow 
systems. Therefore, the design of GIFS is 
based not on the analysis of specific produc­
tion systems, but" rather, on the much broader 
scope of flow systems analysis in general. 

The development of a generalized flow net­
work method, which is easy to use as well as 
applicable to a wide variety of process sys­
tems, poses a number of difficulties. Out­
standing among these is the ever-present 



Proceedings-Fall Joint Computer Conference, 1962 / 277 

possibility of system over or under specifica­
tion. That is, there is a finite number of 
variables which, when fixed, completely de­
termine a system, and all other pertinent 
variables can be computed. There is always 
the possibility that an engineer will attempt 
to set either more or fewer variables than 
are required for complete specification of a 
process system. In order to insure against 
this possibility, GIFS has been purposely re­
stricted to analysis of cases which corre­
spond to physical systems that are completely 
determined and which are not over specified. 
Thus, GIFS is applicable only to the genera­
tion of a mathematical model to simulate the 
functioning of an entire integrated process 
system. No attempt has yet been made to in­
corporate direct design aspects in this model. 
In short, the method can be used only for the 
performance evaluation of a fixed process 
system at fixed operating conditions and with 
fixed feeds. This is really not a drastic lim­
itation since design as well as optimization 
can be approached through multiple case 
studies. 

In application, each system under consid­
eration is represented as a network of inter­
related stream flows. Figure 1 is an example. 
Each stream is identified by assigning to it a 
unique stream number as indicated. Numer­
ical values which are used to describe the 
nature of a stream are termed stream prop­
er~ies. Stream properties include total flow 
rate, composition, temperature, pressure, 
heat content, and phase state. Restrictive 
relationships among streams, such as are 
simulated by preprogrammed mathematical 
models for speCific types ~f process equip-· 
ment, are indicated by what is termed unit 
computations. Examples of unit computations 
include the simulation of process equipment, 
such as reactors, distillation columns, heat 
exchangers, etc., as well as factors which 
have no direct equipment counterparts (pres­
sure drops in lines and ambient heat ex­
change). The currently available library in­
cludes 21 unit computations. These· are 
summarized in Table 1. Complete descrip­
tions are given in the GIFS user's manual.~:~ 
They represent a collection which is basic in 
nature and highly versatile. Further, GIFS is 
constructed so as not to be limited to the 
library of unit computations available at any 
one time. At present, four additional unit 
computat ions are being prepared for 

inclusion in the library, and others can be 
added as specific needs arise. 

Figure 2 is a reproduction of one page of 
the input data sheet which describes Figure 1 
in terms of unit computations. Each unit 
computation is specified by giving the unit 
computation type, associated stream number 
or numbers, and arguments if any. A unit 
computation number is included for identi­
fication only. It is usually convenient to 
number unit computations sequentially. The 
first unit computation in Figure 2 indicates 
the addition of streams 1 and 19 to obtain 
stream 3. The unit computation type is STAD 
(Stream Add), and the associated stream 
numbers are 1, 19, and 3. The second unit 
computation indicates the function of dis­
tillation column number 1, the associated 
streams being 3, 12, and 4. The unit com­
putation used is CRSEP (Component Ratio 
Separation). This is an approximate simula­
tion of a distillation column which requires, 
as arguments, component recoveries for all 
components present in the feed (ratio of 
component flow rate recovered in the over­
head product, stream 12, to component flow 
rate in the feed stream, stream 3). Since 
there are eleven components for the illus­
trative system, values for eleven arguments 
are entered. Additional unit computations 
necessary to describe the entire system are 
entered sequentially. Detailed information on 
the preparation of input data sheets is con­
tained in the user's manual. ~:~ 

The objective of each computation is an 
evaluation of all interrelated stream prop­
erties. These are computed as a function of 
the properties of the given feed streams. 
Each system is computed as an integrated 
network and in a manner which satisfies 
fundamental material balance relationships 
as well as the restrictions defined by the 
specified unit computations. Systems are 
normally non-linear, and a method of solu­
tion by iteration is employed. As an example 
of a computer output, just one portion of the 
report for the illustrative example is re­
produced in Figure 3. This is the portion 
which describes computed properties for 
stream 9. 

*GIFS, Generalized Interrelated Flow Sim­
ulation, userls manual is available through 
any SBC office or local sales representa­
tive. 
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Figure 2. Sample Input Data Sheet 

STREA'" 9 flASH L1Q 

COMPONENT TOTAL FLOW VAPOR LIQUID 
NO. NAME MOLES/HR. MOLE FR. LBS./HR. WT. FR. ,,"aLES/HR. MOLES/HR. 

1 H2 
2 (1 
3 (2 
4 (3 
5 l-C4 
6 N-C4 
7 l-C5 
8 lIi-C5 

"J I-C6 
10 N-(6 
11 C7+ 

TCTAlS 

PRESSURE 
VAPOR FLew 

(Z = 1.C) 
HEAT CONTENT 

30C.OC 
c. 
o. 

-0. 

1.2926 o. C139 2.5853 0.0003 o. 
C.3115 0.C033 4.9845 0.0007 O. 
C.1001 O.COll 3.0124 0.0004 o. 
c.e6e2 0.C007 3.0062 0.0004 o. 
0.0472 0.C005 2.7415 0.0004 o. 
(.2389 0.0026 13.8804 0.0018 o. 

22.2530 0.2389 1604.4429 0.2125 o. 
3.4096 0.0366 245.8286 0.0326 o. 

18.3820 0.1973 1584.5274 0.2098 o. 
44.9652 0.4827 3875 .• 9987 0.5133 o. 

2.0943 0.C225 209.8512 0.0278 O. 
93.1626 1.0CCC 7550.8590 1.0000 o. 

PSIA. 
M cu. H./HR. 

TEMPERATURE 120.00 
LIQUID FLOW 25.04 

~ SlC. CL. FT./HR. 
~M BTU/HR. FRACTION VAPOR O. 

Figure 3. Computer Report 

1.2926 
0.3115 
0.1001 
0.0682 
0.0472 
0.2389 

22.2530 
3.4096 

18.3820 
44.9652 

2.0943 
93.1626 

DEG. F. 
GPM 
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Table 1 

Unit Computations Summary 

Title Type 

Stream Add STAD 
Stream Subtract 

and Zero STSBZ 
Stream Split SPLT 
Stream Equate STEQ 
Stream Zero STZ 
Temperature Add TAD 
Heat Add QAD 
Pressure Add PAD 
Temperature Set TSET 
Heat Set QSET 
Pressure Set PSET 
Vapor Ratio Set RSET 
Bubble Point BPT 
Dew Point DPT 
Isothermal Flash TFLSH 
Adiabatic Flash QFLSH 
Constant R Flash RFLSH 
Stream Heat STQ 
Equilibrium 

Separation EQSEP 
Component R 

Separation CRSEP 

Reactor REACT 

GIFS has been developed, and is now being 
offered, as one of SBC' s preprogrammed 
!omputer services. Characteristics of these 
services include accurate, inexpensive, and 
rapid processing for a wide variety of prob­
lems, use of convenient input data sheets, and 
the presentation of computed values in clear, 
comprehensive reports. Cases which have 
been processed to date represent applications 
in such fields as petroleum refining, inorganic 
and organic chemicals manufacture, andpulp 
and paper production. These have been proc­
essed in a routine manner, and have not in­
dicated any unforseen complications" in the 
approach or the computer implementation. 
From all indications, companies who are us­
ing the service are highly satisfied, and 

Streams Arguments 

ST1 

ST1 
ST1 
ST1 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 

ST1 

ST1 

ST1 

ST2 ST3 

ST2 ST3 
ST2 ST3 F12 
ST2 

DT 
DQ 
DP 
T 
Q 
P 
R 

ST2 ST3 

ST2 ST3 H1 H2 ---
---- RN 

ST2 NR NC1 NK1 CNV1 
Sl ---------- SNC1 
C1 ----------. CNCI 
--------- CNCNR 

expect to continue using it. Future develop­
mental efforts will depend on industrial 
response. SBC is already contemplating 
the implementation of a number of addi­
tional features. 
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Many aspects of medical diagnoses in­
volve extensive, tedious procedures in which 
the capabilities of a digital computer can 
prDvide the physician an invaluable aid.t Be­
cause of the complexity and cost of modern 
computers, systems to aid in diagnostic pro­
cedures must generally be centrally located 
and be capable of serving many physicians. 
Thus, data communication links between the 
physicians and the computer location are re­
quired. Such a data communication and proc­
essing system for cardiac analysis is now in 
operation and is described in this paper.t 

The cardiac data processing system dis­
cussed in this paper is comprised of data 
acquisition un its located throughout the 
country, data communication links which can 
be established as required, a data processing 
unit, and print-out devices. 

The data acquisition unit, as shown in Fig­
ure 1, provides the capability of recording an 
electrocardiographic Signal simultaneously 

*Will present paper. 
tReference #1. 

P. C. Pfunke* 
A. T. & T. Company 

New York City 

C. A. Caceres, M. D. 
Chief, Instrumentation Unit 

Heart Disease Control Program 
U. S. Department of Health, Education, 

and Welfare 
Washington 25, D. C. 

Figure 1. Data Acquisition Unit. 

on a graphical recorder and on a magnetic 
tape recorder. Prior to recording the electro­
cardiogram, an 8-digit, serial, binary-coded 

tThis is a pilot project facility of the Instrumentation Unit, Heart Disease Control Program, 
Division of Chronic Diseases, U. S. Dept. of Health, Education and Welfare, Wash.ington 25, D. C. 
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decimal number is generated and recorded 
on magnetic tape. This 8-digit number is 
used to identify the particular data that is 
recorded. Two digits indicate the place 
where a recording is taken; four digits in­
dicate the patient t s number, and the last two 
digits indicate the particular electrocardio­
graphic lead that is recorded. The electro­
cardiographic signal is modulated using pulse 
repetition frequency modulation prior to re­
cording on magnetic tape" in order to achieve 
a frequency response down to 0.1 cycles per 
second. The upper frequency response ex­
tends to 200 cycles per second. 

Figure 2 is a block diagram of the data 
acquisition unit. The input electrocardio­
gram is amplified prior to recording. A 
coder generates the 8-digit number corre­
sponding to the location, patient and lead. 

RA 
LA 
RL 
LL 
PC 

~ 
~ ..... 

LEAD I--SELECTOR 

{~ IDENTIFICATION ...... 
NUMBERS ±: 

...... 

GRAPHICAL 
RECORDER 

, 

ECG I---++-AMPLIFIER ..... 

TAPE 
IDENTIFICATION f--
UNIT 

designed and constructed analog transmitting 
data sets are located at the data acquisition 
units while receiving data sets are located 
at the data processing unit. These analog 
data sets incorporate integrated telephone 
sets which allow, when in the voice mode of 
operation, the dialing of calls and normal 
voice com m un i cat ion over the regular 
switched telephone network. When in the 
data mode of operation, the data set provides 
modulation and demodulation circuitry to 
allow the transmission of analog signals with 
frequencies from 0 to 200 cps over dialed-up 
voice telephone facilities. An input to output 
linearity from transmitting to receiving data 
sets is maintained to better than 1%. 

Figure 3 shows a block diagram of the 
electrocardiogram data set transmitter. The 
input circuitry provides a load impedance of 

OSCILLOSCOPE 
DISPLAY 

+ 

MODULATOR r-- TAPE I-+- DEMODULATOR 

r+-
TRANSPORT 

~ 
[ TO 

DATA S 

FREQUENCY 
f-COMPENSATION 

~ 

ET 

Figure 2. Data Acquisition Unit. 

The code number followed by the amplified 
electrocardiogram is fed to pulse repetition 
frequency" modulator whose center frequency 
is 3600 cycles per second. The output of the 
modulator is recorded on magnetic tape. 
The output of a second head on a tape re­
corder is demodulated and the demodulated 
signal is fed to a graphical recorder and/or 
a DATA-PHONE data set for transmission 
to the data proceSSing unit. The magnetic 
tape records generated by the data acquisi­
tion unit contain completely identified elec­
trocardiographic signals. These magnetic 
tape records can be sen1 via DATA-PHONE 
service to the data proceSSing unit for sub­
sequent analysis and proceSSing. 

Communication between the data acqui­
sition units and the data proceSSing unit is 
achieved over DATA-PHONE service on 
switched tel e p h 0 n e facilities. Specially 

1000 ohms and accepts analog signals which 
can range from - 3 volts to +3 volts and can 
contain frequency components between 0 and 
200 cps. The input circuitry acts to adjust 
the DC level and gain of the input signal such 
that it provides proper bias range for the 
astable multivibrator which follows the input 
circuit. This astable multivibrator accom­
plishes the actual frequency modulation. A 

-3 

o 

,-------- ---------, 

1 TRANSMITTER i 

l 1 1000 1 to 

to +3 Volts I 
GAIN ALTER 11500 CPS 
AND 

f--
MULTI-

I--
AND i F.M. 

to 200 CPS I D.C. LEVEL VIBRATOR LEVEL II 1-6 dbm 

lOOO.n I ADJUST CONTROL 1 "900n r l :l 
1 I L _____ ...:.... ___ ..- ___ _ 

Figure 3. Data Set Transmitter. 
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given voltage delivered to the input of the 
data set represents a particular bias on the 
multivibrator and determines the multivi­
brator t s frequency of oscillation. For the 
indicated input voltage range, the astable 
multivibrator will oscillate at frequencies 
ranging from 1000 cps to 1500 cps when the 
input circuit level and gain controls are 
properly adjusted. The square wave output 
of the multivibrator is filtered and attenu­
ated by the transmitter output circuitry. The 
output circuitry provides a 900 ohm source 
impedance to the telephone line. The Signal 
transmitted to the telephone line is essentially 
a sine wave with a fundamental frequency be­
tween 1000 cps and 1500 cps at a level of 
-6 dbm. A bandpass filter removes harmonics 
above 2500 cps. 

Figure 4 shows a block diagram of the 
electrocardiogram data set receiver. The 
input bandpass filter terminates the telephone 
line in 900 ohms at all transmitting frequen­
cies. It has a slope of 12 db/octave to either 
side of the 1250 cps center frequency of the 
telephone line signal. Following the band­
pass filter is a combined amplifier and 
limiter, the gain of which determines the 
sensitivity of the receiver, -38 dbm. The 
output of this stage is a 1.5 volt square wave 
with a fundamental frequency that of the 

.------------------, 
I RECEIVER I 
I I 

-6 to -38 dbm 1 I 
1000 to I 
1500 CPS F.M. I 

900nr-i ~------------------------~: 
1_3 to +3 Volts 

I I 0 to 200 CPS 

1 PULSER LEVEL 
I FILTER ADJUST I 
I L _______________ --.J 

Figure 4. Data Set Receiver. 

received signal. The square wave is dif­
ferentiated and full-wave rectified to give a 
sequence of pulses which correspond to the 
zero crossings of the received signal. These 
pulses are used to trigger a mono-pulser 
which delivers a pulse of fixed width each 
time it is triggered. Thus, the mono-pulser 
delivers an output pulse for every zero 
crossing of the input signal from the tele­
phone line and provides an average output 
voltage which is proportional to the received 
signal frequency. By passing the output of 
the mono-pulser through a low pass filter, 
the original baseband Signal is reconstructed. 

The output circuitry serves to amplify the 
signal and restore the correct DC signal 
level. This output circuitry is designed to 
drive a 1000 ohm load impedance. 

The telephone line signal spectrum (1000 
cps to 1500 cps) is chosen to avoid falling 
within the same band used by various kinds 
of single-frequency signalling equipment em­
ployed in Bell System switching facilities. 
If this were not true, automatic circuit dis­
connect could occur when certain signal pat­
terns are transmitted. The input sensitivity 
of the data set receiver is chosen to be ap­
propriate for the range of typical dialed-up 
telephone connections. 

Figure 5 is a block diagram of the equip­
ment in the data proceSSing unit. This con­
sists of three basic units; an input console, 
a digital computer, and an output unit. The 
input console can accept data that is trans­
mitted over the telephone line or data ob­
tained from playing back magnetic tape rec­
ords made in the field. The data transmitted 
over the telephone line is recorded on one of 
the two magnetic tape recorders. If it is de­
sired, the data transmitted over the telephone 
line can be recorded on magnetic tape and 
fed into the computer simultaneously. 

The input console is capable of automat­
ically searching the magnetic tape for any 
pre-selected set of identification numbers.):c 
Once finding the proper set of identification 
numbers, these numbers are decoded and fed 
into the computer and serve to identify the 
result of the data proceSSing. Alternately, 
the system can accept any electrocardio­
gram and set of identification numbers, 
whether transmitted over the telephone line 
or played back from a magnetic tape record­
ing, decode the identification and feed the 
identification number into the digital com­
puter. 

An oscilloscope and photographic recorder 
are incorporated into the system to monitor 
the electrocardiogram while recording and 
playing back. The electrocardiogram is 
filtered with a bandpass filter to eliminate 
high frequency noise. The derivative of the 
filtered electrocardiogram is then obtained 
using conventional analog techniques. The 
filtered electrocardiogram and the derivative 
of the electrocardiogram are converted to 
digital form at a rate of 500 samples per 

~rence #2. 
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Figure 5. The Data Processing Center. 

second using a successive approximation 
analog to digital converter. The digital rep­
resentation of these two signals, along with 
the decoded identification numbers, are then 
fed directly to the digital computer for sub­
sequent processing. Figure 6 is a photograph 
of the system. The input console is at the left 
and the computer is at the right. 

Figure 6. Data Processing Unit. 

The digital computer is a Control Data 
Corporation 160A computer (CDC 160A) and 
is programmed to automatically recognize 
and measure the wave forms of the electro­
cardiogram. >:~ The cardiologist uses these 
measurements to interpret the electrocardio­
gram. The measurements are of amplitudes 
and duration of the waves, and the interval 
between certain of them. The program rec­
ognizes whether some waves are diphasic, 
bi-fed or tri-fed. The measurements made 
by the computer were programmed based on 
conventional EKG criteria for wave onset, 
termination and slope. t 

The computer processes an electrocardio­
graphic lead and arrives at the desired 
measurements in 12 seconds. The entire 
input, process, and write-out time is 52 sec­
onds. The output of the computer is printed 
on an automatic typewriter or punched on 
paper tape that can be used for telephone 
transmission of the results back to the 
sender. Although at present verbal telephone 
communication is used for return of results, a 
completely electronic system has been tried. t 

*Reference #3. 
t Reference #4. 
t Reference #5. 
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The data communication link used for output 
data from the data processing unit has con­
sisted of DAT A-PHONE service over switched 
telephone facilities. Bell System Data Sets 
402A and 402B have been used in conjunction 
with Tally Register Corporation Model 51 
tape-to-tape equipment. This communication 
link is capable of transmitting 8-level par­
allel digital data at a rate of 75 characters 
per second. 

The approach taken in the system de­
scribed in this paper can be extended to other 
medical diagnostic processes such as the 
analysis of phono-cardiograms, electroen­
cephalograms, etc. There is great potential 
here for electronics to assist the medical 
profession. 
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SUMMARY 

The tremendous variability in symptom 
constellations associated with specific psy­
chiatric diagnoses makes the use of statisti­
cal techniques a virtual necessity in the rigid 
for.mulation of any symptom-disease model. 
In addition, the large number of symptoms 
associated with psychiatric disorders sug­
gest that an electronic computer can be used 
to considerable advantage in certain aspects 
of psychiatric diagnosis, e.g., in the corre­
lation analysis between symptoms, in the 
determination of quantitative criteria for 
diagnosis, and in the evaluation of the reli­
ability of symptom assignment by different 
personnel. 

This paper reports on the results obtained 
from the analysis of data on 199 subjects 
collected by the Childrens Unit of the Eastern 
Pennsylvania Psychiatric Institute. The types 
of information available, the method of col­
lection, and the statistical methodology and 

techniques are all discussed along with the 
results obtained using the tools of correla­
tion analysis and simultaneous multivariant 
analysis of variants. 

INTRODUCTION 

The fact that electronic computers c'art ,be 
used effectively in certain phases'oi mediCal 
diagnosis has been recognized for somEf time. 
It has been only recently, however, that ap­
plications have been extended to include 
research investigations in psychotherapy 
generally, and symptom pattern formation 
specifically. Although the present study has 
not extended beyond its initial phase, pre­
liminary findings suggest that the merger of 
computer techniques with clinical observa­
tions can do a great deal to shed more light 
on the problems of emotionally disturbed 
children. 

The extreme variabili ty in symptom 
constellations ass 0 cia ted with specific 

*The authors are indebted to Mrs. Janice Schulman, Research Associate, and Dr. Robert Prall, 
Director of the Children's Unit of the Eastern Pennsylvania Psychiatric Institute for their in­
valuable aid in formulating the problem areas and in interpreting the results. 
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psychiatric diagnoses makes the use of sta­
tistical techniques a virtual necessity in the 
rigid formulation of any symptom -disease 
model. In addition, the large number of 
symptoms associated with psychological and 
psychophysiological disorders suggests that 
an electronic computer can be used to con­
siderable advantage in many aspects of this 
diagnOSis. For example, the objective deter­
mination of symptom clusters using corre­
lation analysis and the statistical testing of 
significance among alternative diagnoses re­
quire an excessive amount of computation 
which is only feasible when handled by a 
computer. 

This report on the initial phase of the in­
vestigation describes the clinical information 
collection techniques, the psychiatric cate­
gories assigned, and the statistical method­
ology applied in the determination of the pre­
liminary results. . 

The ultimate goal of the project is to 
evolve, through analysis of the data, a pic­
ture of how the various symptoms tend to 
form patterns or "clusters." It is hoped that 
these clusters can be related directly to the 
relevant category as an aid in the problem of 
differential diagnosis. Associated with this 
investigation is an evaluation of the diagnostic 
categories themselves and the determina­
tion, from a statistical standpoint, of the sig­
nificance among the several categories using 
the "symptom vectors" as criteria. The 
mathematical details of the technique used in 
this phase-Simultaneous Multivariate Anal­
ysis of Variance-are given in the Appendix. 

Data Description 

The Children's Unit at the Eastern Penn­
sylvania Psychiatric Institute has been col­
lecting data regarding symptom formation in 
emotionally disturbed children since 1956. 
An enumeration of the emotional problems 
exhibited by each child seen in the Clinic­
which is both an inpatient and outpatient treat­
ment center-is obtained in a highly struc­
tured interview with each parent who is seen 
individually. In addition to whether the child 
possesses any of the 130 symptoms commonly 
encountered in clinical practice (see Ap­
pendix, Table A-1), information with regard 
to (1) duration of the symptom; (2) whether 
the symptom is currently characteristic of 
the child or existed only in the past; and (3) 
whether the parent considers it as "serious" 
or "not so serious," is also obtained. 

Several assumptions were necessary in 
order to make the data amenable to compu­
tational techniques. Since additional evidence 
is now being collected on "normal controls," 
i.e., on non-patient children of various ages, 
and since consistency checks between parents 
are being made, it is expected that the validity 
of these assumptions will become apparent 
in later studies; in any case they are such 
that the final results will not be seriously 
affected by their acceptance. 

A symptom is considered to be present if 
either parent says it is present. If only one 
parent sees a particular symptom, the desig­
nation as to the severity and . duration is de­
termined by the response of the parent who 
sees it even though it may be listed by the 
other as not characteristic of the child. 

If the information elicited indicates that 
both parents agree on the relevance of the 
given symptom, but disagree as to the spe­
cific designation, the following rules deter­
mine how the response is counted: 

a. If one parent says the symptom exists 
at present while the other says it ex­
isted only in the past, the symptom is 
listed at present. 

b. If one parent says present always and 
the other says present recent, the for­
mer designation is used. 

c. If one parent considers the symptom 
serious but the other does not, it is 
listed as serious. 

Other basic sociological data are available 
on each of the 199 cases being investigated 
but no attempt at analysis has been made. 
Presumably such information as age, sex, 
religion, race, and number of parents inter­
viewed, will provide fruitful areas for future 
study. 

Only four of the fifteen diagnostic cate­
gories are being studied in detail since in 
many instances the data available in tile re­
mainder represent too few cases from which 
to draw meaningful results. Further, the 
categories finally selected are those of 
greatest interest to the research personnel 
at the Children t s Unit with whom the study 
is being made. Descriptive definitions* are 
given below to enable the reader to relate 
the symptom patterns, as indicated by the 
correlation analysis described in the next 

*See .Diagnostic and Statistical Manual of 
Mental Disorders, The American Psychi­
atric Association, Washington, D. C. 
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section, to the emotional disturbance classifi­
cations tested in the section entitled "Diag-

,nostic Significance." 

Childhood Schizophrenia - th~s cate­
gory, also known as childhood psy­
chosis, is characterized by varying 
degrees of personality disintegration 
and failure to test and evaluate exter­
nal reality correctly. Children in this 
group fail in their ability to relate them­
selves effectively to other people and to 
such tasks as school work. They may 
exhibit unpredictable behavior, regres­
sion to earlier childhood forms of be­
havior, and uneven rates of development 
of any area of bodily and mental devel­
opment. The onset of this condition 
may be from birth or may come later 
on in childhood and is often gradual. 

Psychophysiological Disorders - such 
disorders are sometimes referred to 
as psychosomatic disorders and rep­
resent organic disturbances which are 
induced by mental or emotional stimuli. 

Psychoneurotic Disorders - these are 
characterized chiefly by "anxiety" 
which may either be felt and expressed 
directly or may be unconsciously and 
automatically controlled by various 
psychological defense mechanisms. 

Personality Trait Disturbances - dis­
orders of this sort are characterized 
by developmental defects or pathologi­
cal 'trends in the personality structure, 
wit1;l minimal subjective anxiety, and 
little or no sense of distress. Usually 
it is manifested by long standing pat­
terns of action or behavior, rather than 
mental or emotional symptoms seen in 
neuroses and psychoses. 

The 199 cases under consideration have each 
been studied by professional personnel at 
the Clinic prior to having a final diagnosis 
assigned. 

Symptom Cluster Formation 

A major purpose of the investigation has 
been the objective determination of symptom 
clusters associated with each individual diag­
nostic group and also with all groups together. 
The analysis has been aimed, then, at answer­
ing the two questions: 

1. Is there a tendency for specific symp­
toms to be more frequently accom­
panied by other symptoms? 

2. Are there specific symptoms or clus­
ters of symptoms associated with cer­
tain diagnostic categories? 

The intercorrelations between symptoms 
have been examined statistically and classed 
into overlapping and non-overlapping clusters. 

A cluster is defined to be overlapping if 
all the symptoms in the cluster are corre­
lated significantly with one another. 

A cluster is defined to be non-overlapping 
if each symptom in the cluster is correlated 
significantly with one or more, but not all, 
of the other symptoms. 

The correlation between any two symp­
toms is given by 

r ij = 

where 

N = total number of subjects 
N i = number of subjects with symptom i 
N j = number of subjects with symptom j 

N ij = number of subjects with symptoms 
i and j. 

The hypothesis that no correlation exists 
between symptom i and symptom j can be 
easily tested by using the fact that 

rij ~ 
t =----""'"'---

is distributed as Student's "t" with (N - 2) 
degrees of freedom. We accept or reject 
the hypothesis according as 

where t ex = the appropriate "t" table value at 
the a significance level. 

It is important to note that the application 
of this significance test is valid only when 
the distribution of individuals for a given 
symptom is normal. Although the symptom 
data are discrete and binomial-since each 
individual is assigned a "zero" or a "one" 
depending on whether the symptom is absent 
or present-the sample size would seem to 
be large enough to take advantage of the fact 
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that the binomial tends to normality as the 
sample size increases. Moreover, the dis­
creteness of the data is due more to the lack 
of precision in measuring than to any inher­
ent lack of continuity in the underlying scale. 

A simple frequency count of the 20 most 
frequently occurring symptoms in each diag­
nostic group and also in all diagnostic groups 
taken as a single entity has been made with 
the follOwing results: 

Symptoms 

Diagnostic group 1: 2, 9, 11, 13, 14, 15, 18, 
(Psychological 25, 26, 39,45,47, 50, 52, 

Disorders) 60, 61, 64, 65, 68, 79. 

Diagnostic group 2: 1, 10, 11, 13, 14, 15, 26, 
(Personality Trait 28, 33, 37, 39,40,43,47, 

Disturbances) 56, 57, 60, 61, 66, 68. 

Diagnostic group 3: 10, 11, 13, 16, 17,18,23, 
(Childhood Schiz- 25, 26, 28,31,33, 53, 59, 

ophrenia) 60, 64, 68, 73, 76, 80. 

Diagnostic group 4: 1, 9, 10, 11, 13, 14, 15, 
(Psychophysiologi- 18, 21, 26,39,40,47, 56, 

cal Disorders) 57, 60, 61, 66, 68, 69. 

All groups: 1, 9, 10, 11, 13, 14, 15, 
17, 18, 21, 26, 28, 33, 39, 
47, 56, 57, 60, 61, 68. 

The correlation between each pair of 
symptoms listed within the indicated category 
is shown in Tables I through V where a star 
in a particular cell of the matrix indicates 
significance at the 5% level. The critical 
values for diagnostic groups 1, 2, 3, and 4 
~re 0.514, 0.344, 0.269, and 0.250, respec­
tively; for all diagnostic groups the figure is 
0.138. The non-overlapping symptom clus­
ters, determined on the basis of significant 
correlations, are formed as indicated below. 

,Non-Overlapping Clusters 

Group 1, Cluster 1: 11, 13, 14, 15 

Group 1, Cluster 2: 2, 9, 18, 25, 26, 39, 45, 
47, 50, 60, 64, 65 

Group 2, Cluster 1: 10, 11, 13, 14, 15,26,28, 
33, 37, 39,40,43, 56, 57, 
60, 61, 66, 68 

Group 3, Cluster 1: 10, 11, 13, 16, 17, 18, 23, 
25, 31, 33, 59, 60,68, 73 

Group 4, Cluster 1: 1, 9, 10, 11, 13, 14, 15, 
18, 21, 26, 39,40,47, 56, 
57, 60, 61, 66, 68, 69 

All Groups, Cluster 1: 1, 9, 10, 11, 13, 14, 15, 
17, 18, 21, 26,28,33, 
39, 47, 56, 57,60, 61, 
68 

The above listing clearly indicates that vir­
tually all symptoms within each group are 
indirectly interrelated with the exception of 
those in diagnostic group 1. In an attempt to 
study the direct relationships which exist, 
the overlapping clusters (as defined above) 
were determined. 

Overlapping Clusters 

Group 1: 2, 50, 64; 9, 26; 11, 13; 13, 15; 14, 
15; 18, 26; 25, 39; 25, 45; 25, 50; 
25, 65; 39, 45; 39, 50; 39, 65; 45, 
50; 45, 65; 50, 65; 26, 45; 39, 47; 
47, 60;47, 65; 60, 65. 

Group 2: 10, 11, 13,. 37, 56; 10, 14, 56; 11, 
37, 43, 56; 11, 40; 14, 26; 14, 56, 
60; 15, 26, 33, 61; 15, 37; 28, 33; 
28, 60; 39, 40; 40, 61; 43, 56, 68; 
43, 57; 56, 60, 68; 57, 61; 66·, 68. 

Group 3: 10, 13, 17, 33; 10, 23, 73; 11, 17; 
13, 33, 60; 13, 60, 68; 16, 17, 33; 
16, 68; 16, 73; 18, 33; 23, 25, 31, 
59; 23, 31, 59, 73. 

Group 4: 1, 9, 47; 1, 47, 56, 60; 9, 10, 11, 13; 
9, 10; 11, 40, 47; 9, 11, 15; 9, 47, 
57; 9, 61; 10, 11, 13, 21; 10, 11, 21, 
47; 10, 11, 21, 68; 11, 15, 18; 11, 
15, 21; 13, 14, 21; 13, 26; 14, 21, 
47; 14, 40, 47; 15, 18, 26; 26, 66; 
39, .40; 39, 57;47, 57; 47, 66; 68, 
69. 

All Groups: 1, 9, 39; 1, 17, 18; 1, 9, 47; 1, 
47, 56,60; 9, 10, 14, 15; 9, 14, 
47; 9, 15, 61; 9, 68; 10, 11, 13,. 
15, 17; 10, 13, 14, 15, 17,21; 10, 
15, 17, 21, 33; 10, 21, 33, 60; 14, 
17, 21, 28; 14, 47; 15, 17, 18, 33; 
15, 18, 26; 15, 56; 15,61; 17, 21, 
28, 33; 21, 28, 33,60; 21,28, 33, 
68; 28, 39; 28, 60,61; 57, 60, 61. 



2 9 11 13 14 15 

2 +1.00 +.354 .;. .200 -.200 +.100 - .426 
9 +.354 +1.00 - .354 +.000 +.354 +.075 

11 -.200 -.354 +1.00 +.700* +.100 +.213 
13 -.200 +.000 +.700* +1.00 +.400 +.533* 
14 +.100 +.354 +.100 +.400 +1.00 +.533* 
15 -.426 +.075 +.213 +.533* +.533* +1.00 
18 +.139 +.294 -.277 -.277 +.139 - .237 
25 +.100 +.000 -.200 - .200 +.100 - .107 
26 +.378 +.535* - .189 -.189 +.378 -.161 
39 +.213 +.075 -.426 - .426 -.107 -~364 
45 +.000 +'.167 +.000 +.000 +.354 +.075 
47 - .200 +.000 +.100 +.100 +'100 +.213 
50 +.577* +.272 -.289 - .289 +.000 -.492 
52 - .107 -.302 +.213 +.213 - .107 +.318 
60 +,.000 +.272 +.000 +.000 -.289 -.185 
61 +.289 +.272 -.289 -.289 - .289 -.185 
64 -.577* - .,408 +.289 +'.000 +.000 +.123 
65 +.000 +.272 +.000 +.289 +.289 +.431 
68 - .354 -.250 +.000 +.000 -.354 -.302 
79 -.200 -.354 +,100 -.200 -.500 - .426 

TABLE I 

Correlation Matrix for Diagnostic Group 1 

18 25 26 39 45 47 50 52 

+.139 +.100 +.378 +.213 +.000 -.200 +.577* -,107 
+.294 t.OOO +.535* +.075 +.167 +.000 +.272 -.302 
-.277 -.200 - .189 -.426 +.000 +.100 -.289 +.213 
- .277 -.200 -.189 - .426 +.000 +.100 -.289 +.213 
+.139 +.100 +.378 - .107 +.354 +'.100 +.000 -.107 
- .237 '-.107 -.161 - .364 +.075 +.213 -.492 +.318 
+1. 00 +.139 +.681* +.207 +.294 +.139 +.080 +.207 
+.139 +1.00 +.378 +.533* + .707* +.400 +.577* +.213 
+.681* +.378 +1.00 +.,443 +.535* +.378 +.327 - .161 
+.207 +.533* +.443 +1.00 +.075 +.533* +.431 - .,023 
+.294 +.707* +.535* +,075 +1.00 +'.354 +,.272 +.075 
+.139 +.400 +.378 +.533* +.354 +1.00 +.000 +.213 
+.080 +.577* +.327 +.431 +.272 +.000 +1.00 -.185 
+.207 +.213 - .161 - .023 +.075 +.213 -.185 +1.00 
+.080 +.000 +.327 +.,431 - .068 +.577* +.167 -.185 
+.480 +.289 +.327 +.431 - .068 +.,289 +.444 +.431 
+.080 - .289 -.218 - .185 -.068 +.000 -.667* +.123 
+.080 +.,577* t.327 +.431 +.,272 +.577* +.167 +.431 
+.294 +.000 -.134 +.075 - .250 +.000 - .068 +.075 
+.139 +.100 -.189 - .107 +.000 -.500 +.000 +.213 

60 61 64 65 

+.000 +.289 -.577* +.000 
+.272 +'.272 - .408 +.272 
+.000 -.289 +.289 +.000 
+.000 -.289 +.000 +.289 
- .289 -.289 +.000 +.289 
-.185 -.185 +.123 +.431 
+.080 +.480 +,080 +.080 
+.000 +.289 -.289 +.577* 
+,.,327 +.327 -.218 +.327 
+.,431 +.431 -.185 +-.431 
-.068 -.068 - .068 +.272 
+.577* +.289. +.000 +.577* 
+.167 +.444 -.667* +.167 
- .185 +.431 +.123 +.,431 
+1.00 +.444 - .111 +.167 
+.444 +1.00 -.389 +.444 
-.111 -.389 +1.00 -.389 
+.167 +.444 - .389 +1. 00 
+.272 +.272 +.272 - .068 
-.289 +.000 +.289 -.289 

68 79 

-.354 -.200 
-.250 -.354 
+.000 +.100 
+.000 -.200 
- .354 -.500 
-.302 - .426 
+.294 +.139 
+.000 +.100 
- .134 - .189 
+.075 -.107 
-.250 +.000 
+.000 - .500 
-.068 +.000 
+,075 +.213 
+.272 - .289 
+.272 +,000 
+.272 +.289 
- .068 -.289 
+1.00 +.354 
+.354 +1.00 
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TABLE II 

Correlation Matrix for Diagnostic Group 2 

1 10 11 13 14 15 26 28 33 37 39 40 43 47 

1 +1.00 +~OOO +.160 +.067 +.021 +.021 +.124 -.020 +.021 -.020 +.250 +.199 +.280 -.134 
10 +.000 +1.00 +.418* +.800* +.373* +.233 +.167 +.000 +.233 +.535* -.326 +.000 +.289 +.060 
11 +.160 +.418* +1~00 +.353* +.273 +.273 +.239 - .144 +.089 +.383* +.089, +.383* +.500* +.057 
13 +.067 +.800* +.353* +1.00 +.242 +.089 - .083 , +.160 +.242 +.454* - .219 +;013' +.289 +.155 
14 +.021 +.373* +.273 +.242 +1.00 +.283 +.373* +.187 +.283 +.324 -·004 +.187 +.336 +:.089 
15 +.021 +.233 +.273 +.089 +.283 +1.00 +,.373* +.187 +.426* +.461* -.004 +.1:87 +.188 +'.089 
26 +.124, +.167 +,.239 - .083 +.373* +.373* +1.00 +.134 +'.373* +.297 +.202 +'.297 +.241 -.199 
28 - .020 +.000 -.144 +.160 +.187 +.187 +.134 +1.00 +.461* +.083 +.050 -.048 -.039 +.032 
33 +.021 +.233 +.089 +.242 +.283 +.,426*' +.373* +.461* +1.00 +~187 -.004 +.050 +.040 +.089 
37 - .020 +.535* +.385* +.454* +.324 +'.461* +.297 +.083 +.187 +1.00 -.087 +.214 +.386* - .144 
39 +.250 -.326 +.089 - .,219 -.004 -.004 +~202 +,.050 - .004 -.087 +1.00 +.735* - .108 +.089 
40 +.199 +.000 +.383* +.013 +.187 +.187 +.297 -,.048 +.050 +.214 +.735* +1.00 +.103 +.208 
43 +.280 +.289 +.500* +.289 +.336 +.188 +.241 -.039 +.040 +.386* -.108 +,t03 +1.00 +.121 
47 -.134 +.060 +.057 +.155 +.089 +.089 - .199 +.032 +.089 -.144 +.089 +.208 +.121 +1.00 
56 +'.250 +.461* +.457* +.396* +.570* +.283 +.202 +.187 -.004 +.461* -.004 +.187 +.633* +.089 
57 +,043 +.000 +.,311 +.130 +.336 +.188 +.064 +'.244 +,336 +.103 +.188 +.103 +: 389* +.311 
60 +.160 +.060 +.057 +.155 +.457* +.089 +.020 +.559* +.089 +,208 +.089 +.032 +.121 +.057 
61 + 04i +.000 +.311 , -.029 +.336 +.485* +.417* +.244 +.485* +.103 +.188 +.,386* +.083 +.121 
66 +:021 +~093 +.089 +,242 +.139 +'.139 -.140 +.324 +.139 +'.050 +.139 +.187 +.188 +.273 
68 +.067 -.100 +.155 +.010 +.242 +.242 +.100 +.307 +.242 +.307 +.089 +.013 +.447* -.042 

56 57 60 61 

+.250 +.043 +.160 +.043 
+.373* +.000 +.060 +.000 
+.457* +.311 +.057 +.311 
+,396* +.130 +.155 - .029 
+.570* +.336 +,.457'" +.336 
+.283 +.188 +.089 +.,485* 
+.202 +·.064 +.020 +.417* 
+.187 +.244 +.559* +'.244 
-.004' +.336 +.089 +.485* 
+.461* +.103 +.208 +.103 
-.004 +.188 +.089 +.188 
+.187 +.103 +.032 +.386* 
+.633* +;389* +.121 +.083 
+.089 +.311 +.057 +.121 
+1.00 +.336 +.457* +.188 
+.336 +1.00 +.311 +.389* 
+.457* +.311 +1.00 +.311 
+.188 +.389* +.311 +1.00 
+.139 +.188 +.273 +.188 
+.396* +.289 +.353* +.130 

66 68 

+.021 +.067 
+.093 -.100 
+.089 +.155 
+.242 +~O10 

+'.139 +.242 
+.139 +.242 
-.140 +.100 
+.324: +.307 
+.139 +.242 
+.050 +.307 
+.139 +'.089 
+.187 +.013 
+.188 +.447* 
+.273 -.042 
+.139 +.396* 
+.188 +'.289 
+.273 +.353* 
+.188 +.130 
+1.,00 +.396* 
+.396* +1.00 
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TABLE III 

Correlation Matrix for Di~gnostic Group 3 

10 11 13 16 17 18 23 25 26 28 31 33 53 59 

10 +l.00 +.242 +.384* +,087 +.341* +.213 +.341* +.232 +.141 +.004 +.018 +.426* +.044 +.141 
11 +.242 +l.00 +.179 +.095 +.447* -.009 +.257 -.058 +.100 -.009 -.042 +.123 -.103 -.042 
13 +.384* +.179 .. +l. 00 +.213 +.447* +~233 -.123 -.058 +.242 +.233 -.042· +.271* +.149 +.100 
16 +.087 +.095 +.213 +1.00 +.334* +'.259 +.059 -.046 +.190 +.084 - .118 +.339* +.145 -.118 
17 +.341* +.447* +.447'" +.334* +1.00 +~073 +.118 - .162 +.177 +.212 - .152 +.371* -.043 +.012 
18 +.213 -.009 +.233 +.259 +.073 +1.00 +.073 +.175 +.213 +.112 +.004 +.472'" +.264 +.004· 
23 +.341* +.257 -.123 +.059 +.118 +.073 +1.00 +.473* -.152 -.067 + .. 341* +.200 +.103 +.341* 
25 +.·232 -.058 -.058 -.046 -.162 +.175 + .. 473* +1.00 -.004 +.175 +,351* +.267 +.120 +.469* 
26 +.141 +.100 +.242 +.190 +.177 +.213 -.152 -.004 +1.00 +.108 -.227 +.171 +.262 -.105 
28 +'.004 -.009 +.233 +.084 +.212 +.112 - .067 +;175 +.108 +1.00 +·.108 +.145 - .014 +.108' 
31 +.018 -.042 - .042 -.118 -.152 +.004 +.341* +.351* -.227 +.108 +1.00 +.043 + .. 262. +.509* 
33 +.426* +.123 +.271* +.339* +.371* +.472'" +.200 +.267 +.171 +.145 +.043 +1.00 +.189 +.043 
53 +.044 -.103 +'.149 +.145 -.043 +.264 +~103 +.120 +.262 .:..014 +.262 +.189 +1.00 +.153 
59 +.141 -.042 +.100 -.118 +.012 +.004 +.341* +.469* -.105 +.108 +.509'" +.043 +.153 +LOO 
60 +.153 -.103 +.275· +.145 +.103 +.079 -.043 +.120 +.153 +.171 -.064 +'.302·· +.036 +.262 
64 -.101 +.112 +.112 -.265 -.207 -.155 -.067 -.127 -.101 -.243 +.108 -.073 +.079 +.108 
68 +.070 -.006 +.305· +.279· +.226 +,186 -.133 -.091 +.204 +~072 -.065 +.093 +.110 +.070 
73 +.293· -.024 +.095 -.288· +.059 -.091 +.334* +.251 -.015 ,:".003 +.498* +.018 +.145 +.498* 
76 -.064 -.103 +.023 - .037 +.103 -.106 - .043 +'.016 +.044 +.171 +.262 +.076 +.229 +.153 
80 -.015 +.095 +.213 +.056 -.079 +.171 +.196 +.053 -.015 +.171 -.015 - .089 -.037 -.015 

60 64 68 73 

+.153 -.101 +.070 +.293* 
- .103 +.112 -.006 -.024. 
+.275* +.112· +.305* +.095 
+.145 -.265 +.279* -.288* 
+.103 - .. 207 +.226 +.059 
+·.079 -.155 +.186 -.091 
- .043 -.067 -.133 + .. 334* 
+.120 -.127 -.081 +.251 
+.153 -.101 +.204 -.015, 
+.171 -.243 +.,072 -.003 
-.064 +.108 -.065 +· .. 498'" 
+.302* -.013 +.09~ t·018 
+.036 +.079. +.110 +.145 
+.262 +.108 +.070 +.498'" 
+1.00 +.079 +.348* +~054 
+.079 +1.00 -.042 -.091 
+.348· -.042 +1.00 +.054 
+.054 -.091 +.054 +1. 00 
+.132 +.171 -.126 +.145 
+.054 +.171 -.058 -.030 

76 80 

- .064 - .015 
-.103 +.095 
+.023 +.213 
- .037 +.056 
+.103 -.079 
-.106 +.171 
-.043 +.196 
+.016 +.053 
+.044 -.015 
+.171 +.171 
+.262 - .015 
+.076 -.089 
+.229 -.037 
+.153 -.015 
+~132 +.054 
+.171 +.171 
-.128 -.058 
+.145 -.030 
+1.00 - .037 
-.037 +1.00 
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TABLE IV 

Correlation Matrix for Diagnostic Group 4 

1 9 10 11 13 14 15 18 21 26 39 40 47 56 

1 +1.00 +.25'5* + . .196 +.132 +.145 - .025 +.097 -.148 +.075 +.059 +.105 +.190 +.295* +.360* 
9 +.255* +1.00 +.439* + .. 312* +.287* +.209 +.460* +.188 +.117 +.073 +.186 +.399* +.361* +.065 

10 +.196 +.439* +1.00 +.516* +.478* +.238 +.248 +.215 +.376* +.154 +.117 +.286* +.294* +.089 
11 +.132 +.312* +.516* +1.00 +.456* +.185 +.498* +.312 + .. 472* +.141 +.093 +.255* +.307* -.034 
13 +.145 +.287* +.478* +.456* +1.00 +.325* +.210 +.205 +.,360* +.288* +.028 +.224 +.126 +.059 
14 -.025 +.209 +.238 +.185 +.325* +1.00 +.179 +.065 +.300* +.133 -.022 +.268* +.319* - .054 
15 +.097 +.460* +.248 +.498* +.210 +.179 +1.00 + .. 460* + .. 381* +~343* -.009 +.234 +.178 - .152 
18 -.148 +.188 +.215 +.312* +.205 +.065 +.460* +1.00 +.195 +:354* +.186 +.113 +.099 +.065 
21 +.075 +.117 +.376* +.472* +.360* +.300* +.381* +.195 +1.00 +.222 -.027 +.202 + .• 339* +.062 
26 +.059 +.073 +.184 +.141 +.288* +.133 +.343* +.354* +.222 +LOO +.118 +.208 +,007 -.006 
3.9 +~105 +.186 +.117 +.093* +.028 -.022 -.009 +.186 -.027 +.118 +1.00 +'.300* +.173 +,117 
40 +.190 +.399* +.286* +.255* +:224 +.268* +.234 +.113 +.202 +.208 +.300* +1.00 +.384* +.069 
47 +.295* +.361* +.294* +·.307 +.126 +;319~ +.178 +.099 +.339* +.007 +.173 +.384* +1'.00 +,294* 
56 +.360* +.065 +.089 -.034 +.059 -.054 -.152 +.065 +.062 -.006 +.117 +.069 +.294* +1.00 
57 +.132 +.281* +.165 :,".185 +.164 +.155 +.179 +.137 +.149 +.225 +.319* +.128 +.405* ~.092 
60 +-.441* +.065 +.165 -.126 +.059 +.092 +.008 +.065 +.140 +.184 +.117 +.141 +.383* + .393* 
61 +.; 183 +.460* +.168 +.209 +·.122 +.179 +.242 +.224 - .032 +.042 - .009 +.005 +.084 +.088 
66 +.115 +~215 +.165 +.149 +.059 +.238' +.168 +.290* +.2.19 +.279* +.117 +.214 +.560* +'.241 
68 +.219 +.091 + .. 346* +.261* +.164 +'.194 +.110 +.243 +.324* +.106 +.046 +.244 +.226 +.037 
69 - .049 - .159 +.013. -.034 +.059 -.054 -.072 +.065 +.219 +.184 -.237 +.141 +.029 +.089 

-- - '-----. 

57 60 61 66 

+.132 +.441* +.183 +.115 
+.281* +.065 +.460* +.215 
+ .. 165 +.165 +.168 +.165 
+.185 -.126 +.209 +.149 
+.164 +.059 . +.122 +.059 
+.155 +.092 +.179 +.238 
+.179 +.008 +.242 +.168 
+.137 +.065 .L.224 +.290* 
+.149 +.140 -.032 + .. 219 
+.225 +.184 +.042 +.279* 
+.319* +.117 -.009 +.117 
+~128 +.141 +.006 +.214 
+.405* +.383* +.084 +.560* 
+.092 +.393* +.088 +.241 
+1.00 +.238 +.102 +.238 
+.238 +1.00 +.168 +.165 
+.102 +.168 +1.00 +.168 
+.238 +.165 +.168 +1.00 
+.194 +.191 +.HO +.114 
-.054 +.241 - .072 +.013 

68 69 

+.219 -.049 
+.09l -.159 
+.346* +.013 
+.261* -.034 
+.164 +.059 
+.194 -.054 
+.110 -.072 
+.243 +.065 
+.324* +.219 
+'.106 +.184 
+.046 -.237 
+.244 +.141 
+.226 +.029 
+.037 +.089 
+.194 -.054 
+.191 +.241 
+.110 -.072 
+.114 +.013 
+1.00 +.346* 
+.346* +1.00 
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TABLE V 

Correlation Matrix for All Diagnostic Groups 

1 9 10 11 13 14 15 17 18 21 26 28 33 39 

1 +1.00 +.235* - .001 +.045 +.017 +.063 +.039 -.086* -.124* +.127 +.052 +.130 +.065 +.233* 
9 +.235* +1. 00 +.214* +.191 +.140 +.291* +.326* +.083 +.166 +.001 + .. 165 +.153 +.097 +.218* 

10 - .001 +.214* +1.00 +~375* +.515* +.205* +.246* +.260* +.105 +.298* +.115 +.191 +.276* -.002 
11 +.045 +.191 +.375* +1.00 t·335* +.162 +.328* +.332* +.083 +.233 +.128 +'.121 +.119 +.065 
13 +.017 +.140 +.515* +.335* +1.00 +.285* +.262* +.392* +~ 079 +.29P' +.119 +.183 +.200 +.022 
14 +'.063 +.291* +.205* +.162 +.285* +1.00 +.270* +.234* +:.123 +.221* +.111 +.248* +.179 +.071 
15 +.039 +.326* +.246* +.328* +.262* +.270* +1. 00 +.447* +.286* +.247* +.303* +;210 +.222* +.061 
17 -.086* +.083 +.260* +.332* +.392* +.234* +.447* +1.00 +.248* +.325* +.219 +.240* +.282* +.054 
18 - .124.* +.166 +.105 +.083 +.079 +.123 +.286* +.248* +1.00 +;076 +.'343* +.125 +.217* +.157 
21 +.127 +.001 +.296* +.233 +.291* +.221* +.247* +'.325* +~ 076 +1.00 +.180 +.265* +.247* +.050 
26 +.052 +.165 +.115 +.128 +.119 +.111 +.303* +.219 +.343* +.180 +1. 00 +,042 +.185 +.219 
28 +.130 +.153 +.191 +.121 +.183 +.248* +.210 +.240* +.125 +.265* +.042 +1. 00 +.276* +.240* 
33 +.065' +.097 +.276* +.119 +.200 +.179 +.222* +.282* +.217* +.247* +.185 +.276* +1.00 - .024 
39 +.233* +. 218~ -.002 +.065 +.022 +.071 +'.061 +.054 +.157 +.050 +.n9 +.24()* - .024 +1. 00 
47 +.410* +.257* +.100 +.116 +.153 +.222* +.189 +.061 +.076 +.223 +.126 +.210 +.030 +.206 
56 +.378 +.055 +.049 +.130 +.084 +.107 -.093* ~.013 - .080 +.189 -.004 +.123 +.089 +.031 
57 +.133 +.089 +.110 +.153 +.079 +.077 +.061 +.114 +.064 +.073 +.100 +.179 +.149 +.158 
60 +.317* +.028 +.221* -.035 +.153 . +.080 +.115 +.085 +.006 +.223* +.155 +.256* +.198* +.133 
61 +.119 +.285* +.141 +.154 +.101 +.141 +.302* +.173 +.180 +.096 +.190 +.218* +;212 +.125 
68 - .005 -.082* +.173 +.150 -t .139 +.107 +.061 +'.234 +.225 +.,402*' +.131 +.222* +.226* +.034 

--- - --

47 56 57 60 

+.410* +.378* +.133 +.317* 
+.257* +.055 +.089 +.028 
+.100 +.049 +.110 +.221* 
+.116 +.130 +.153 -.035 
+.153 +.084 +.079 +.153 
+.222* +.107 +.077 +.080 
+.189 -.093* +.061 +.115 
+.061 - .013 +.114 +.085 
+.076 -.080 +.064 +.006 
+.223 +.189 +,.073 +.223* 
+'.126 -.004 +.100 +.15'5 
+.210 +,123 +.179 +.256* 
+.030 +.089 +.149 +.198* 
+.206 +.031 +.158 +.133 
+1.00 +.273* +.174 +.312* 
+.273* +1..00 +.125 +.318* 
+.174 +.123 +1.00 +.243* 
+~ 312* +.318* +.243* +1.00 
+.181 +.076 +.225* +.206* 
+.061 +.054 +.165 +.188 

-- - ---

61 68 

+.119 -.005 
+.285* -.082* 
+.141 +.173 
+.154 +.150 
+.101 +.139 
+.141 +.107 
+.302* +.061 
+.173. +.234 
+.180 +~225 

+.096 +.402* 
+.190 +.131 
+.218* +.222* 
+.212 +.226* 
+.125 +.034 
+.181 +.061 
+.076 +.054 
+.225* +.165 
+ .. 206* +.l88 
+1.00 +.134 
+.134 +LOO 
----
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294 / Cluster Formation and Diagnostic Significance in Psychiatric Symptom Evaluation 

The clustering of these groups suggests that 
for the various diagnoses, and also for all 
cases regarded as a· single entity, certain 
specifiC constellations do have a tendency to 
reappear; in other words, the appearance of 
a specific symptom indicates the probable 
appearance of other symptoms associated 
with the former. 
Diagnostic Significance 

A typical experiment usually involves tak­
ing one or more measurements on the ex­
perimental units under test. The experiment 
is called univariate, or uniresponse, as op­
posed to multivariate, or multiresponse, when 
only one measurement is taken on each unit. 
Since the symptom study data have many de­
terminations associated with each sample 
,item, i.e., individual, the tools of multivariate 
analysis are required for the analysis. 

TABLE VI 

Diagnostic Group Means by Symptom Type 

Diagnostic Group* 
Symptom 

1 2 3 4 

1 0.7581 0.3519 0.9091 0.5333 
9 0.6774 0.4444 0.5758 0.8000 

10 0.6935 0.8148 0.6667 0.5333 
11 0.8226 0.8704 0.8485 0.6667 
13 0.7742 0.8704 0.7576 0.6667 
14 0.6452 0.6852 0.6970 0.6667 
15 0.7419 0.6852 0.6970 0.7333 
17 0.6290 0.9074 0.6061 0.5333 
18 0.6774 0.7037 0.5152 0.8667 
21 ·0.7258 0.6111 0.6364 0.4667 
26 0.8387 0.8148 0.8182 0.9333 
28 0.6129 0.7037 0.6364 0.5333 
33 0.6290 0.8333 0.6970 0.4667 
39 0.8065 0.6296 0.6970 0.7333 
47 0.8065 0.5185 0.8485 0.6667 
56 0.6935 0.4630 0.6970 0.4667 
57 0.6452 0.6481 0.7273 0.5333 
60 0.6935 0.7407 0.8485 0.6000 
61 0.7419 0.6667 0.7273 0.6000 
68 0.7097 0.8519 0.7576 0.8000 

*Diagnostic Group 1: Psychoneurotic Dis­
orders 

2: Childhood Schizophe­
nia 

3: Personality Trait Dis­
turbances 

4: Psychophysiological 
Disorders. 

Table VI shows the mean proportion of 
individuals in each diagnostic group having 
the particular symptom under considera­
tion. Differences among the diagnostic groups 
are to be analyzed on the basis of these 20 
symptoms - the 20 most frequently occurring 
symptoms in the entire sample. 

U sing the notation of the Appendix, we let 
Xijt adopt the value one or zero depending 
on whether the jth individual in the ith diag­
nostic group does or does not have the tth 
symptom. For this particular analysis "i" 
takes the values 1 through 4; "j" takes the 
values 1 through TJ i where TJ 1 = 62, TJ 2 = 54, 
TJ3 = 33, and TJ4 = 15; and t can adopt any of 
the 20 symptoms listed in Table VI. 

The symbol x i. t refers to the value in 
each cell of the table, i.e., the sample pro­
portion of individuals in the ith group ex­
hibiting symptom t. For example, x 3. 13 has 
the value 0.7576 indicating that almost 76% 
of the study group claSSified as having person­
ality trait disturbances exhibit definite signs 
of rebelliousness. We let J.L ij denote the 
population mean proportion. 

The total hypothesis of no difference among 
diagnostic groups (see Appendix A) is de­
noted by 

H : J!:.1 = 1!:.2 = !:!:.3 = l:!:.4 , 
where 

J!:.'i = (J.L ii, J.Li2, ••• , J.Li20) 

and 
J.Li = transpose of J.L \ • 

The hypothesis of no difference between the 
ith and 1 th diagnostic groups is denoted by 

Hie : 1!:. i = !:!.f (i ~ 1 = 1, 2, 3, 4). 

The Within Group SP matrix (Se) and its 
inverse are given in Tables VII and vm. 
The sizes of the samples drawn from the 
several groups are TJI = 62; TJ2 = 54; TJ3 = 33; 
TJ4 = 15. The number of variates (i.e., symp­
toms) is p = 20 and TJ, the total sample size 
is 164. The "error degrees of freedom," 
v, = TJ - p - K + 1 = 164 - 20 - 4 + 1 = 141. 
Then 

T if 2 = VTJ if ( T!:.' i - g;) S; I (R:. i - fl f ) , 
where 

and 

H\ = (Xi.1 , ••• , x i.2ff), i = 1, 2,3, 4. 



TABLE VII 

Within Groups Sums of Squares and Cross Products (SP) Matrix 

1 9 10 11 13 14 15 17 18 21 26 28 33 39 47 

1 +30.146 +7.0441 +().6551 +2.0138 +2.0153 +1. 4165 +1.3348 -0.2537 -2.5970 +5.4517 +2.0870 +5.4656 +4.9597 +8.3581 +8.4570 
9 +1.0441 +37.342 +10.249 +7.4415 +5.2010 +11.216 +12.352 +3.8877 +6.4716 -0.8414 +4.4732 +7.8783 +6: 7382 +6.9755 +6.5634 

10 +0.6551 +10.249 -+,'32.392 +10.383 +15.413 +7.4432 +6.7486 +7.4257 +2.6413 +11.168 +3.6170 +5.4155 +9.2183 -0.5811 +3.507.8 
11 +2.0138 +7.4415 +10.333 +22.717 +9.7299 +4. 711~ +10.109 +9.9682 +2.2866 +6.7768 +2.6871 +3.5163 +2.5709 +2.4299 +4.0764 
13 +2.0153 +5.2010 +15 .• 413 +9.7299 +26.325 +8.7376 +8.4258 t11.673 +1.8643 +10.863 +3.6578 +5.2641 +6.5489 -2.0598 +5.0412 
14 +1.4165 +11.216 +7.4432 +4.7113 +8.7376 +36.145 +8.6071 +7.9919 +4~3510 +9.0536 +5.1519 +9.4771 +7.30Q4 +2.0820 +7.3749 
15 +1.3348 +12.352 +6.7486 +10.109 +8._4258 +8.6071 +33.422 +14.684 +9.4199 +8.2321 +8.1864 +6.2664 +8.0675 tl. 5100 +6.8696 
17 -0.25'37 +3.8877 +7.4257 +9.9682 +11.673 +7.9919 +14.684 +30.617 +ti.8628 +13.288 +4.5~41 +7.6214 +8.9617 +0.8905 +3.8379 
18 -2.5970 +6.4716 +2.6413 +2,2866 +1. 8643 +4.3510 +9.4199 +6.8628 +34.783 +2.4091 +~. 7688 +3.7658 +8.9988 +4.8213 +4.3344 
21 +5.4517 -0.8414 +11.168 +6.7768 +10.863 +9.0536 :1:8.2321 +13.288 +2.4091 +36.542 +6.6540 +10.100 +10.291 +3.1622 +7;1137 
26 +2.0870 +4.4732 +3.6170 +2.6871 +3.6578 +5.1519 +8.1864 +4.5341 +8.7688 +6.6540 +22.378 +1. 5176 +5.2721 +5,2760 +4.0073 
28 +5.4656 +7.8783 +5~4155 +3.5163 +5.2641 +9.4771 +6.2664 +7.6214 +3.7658 +10.100 +1; 5176 +37.339 +10.06'0 +7.9259 +8.4996 
33 +4.9597 +6.7382 +9.2183 +2.5709 +6.5489 +7.3084 +8.0675 +~.9617 +8.9988 +10.291 +5.2721 +10.060 +32.671 +3.0514 +4.0332 
39 +8.3581 +6.9755 -0.5811 +2.4299 -2.0598 +2.0820 +1.5100 +0.8905 +.4,;8213 +3.1622 +5.2760 +7.9259 +3.0514 +32.173 +6.1993 
47 +8.4570 +6.5634 +3.5078 +4.0764 +5.0412 +7.3749 +6.8696 +3.8379 +4.3344 +7.1137 +4.0073 +8;4996 +4.0332 +6.1993 +30.735 
56 t10.965 +1. 9174 +1.7404 +3.6880 +3.8595 +3.4315 -4.1965 +1. 5937 +0.3632 +6.6095 +1. 2136 +4.6829 +3.8213 +2.4182 +6.1778 
57 +3.2778 +6.1295 +3;4729 +3 .. 9368 +2.0541 +3.1515 +1.7472 +2.2673 +2.9766 +1. 5728 +2.8301 +5.3148 +7.2114 +5.1110 +4.8968 
60 +10.075 +1. 7720 +5.1182 -1.9434 +3.6827 +2.3355 +1..5742 +1. 8856 +2;4986 +9.3277 +4.0338 +7.8788 +6.908i +3.0222 +9.8243 
61 +4.8442 +10.821 +3.9634 +4,464.3 +~.8719 +5.9286 +9.8770 +5.0524 +7.3417 +2.1402 +6.0497 +8.4004- +8.1372 +4.9093 +5.8729 
68 +3.3327 -2;2448 +5.9357 +3~55n +3.9590 +4.6701 +1.6121 +7.0303 +5.5444 +14;444 +2.9607 +6.3528 +4.9650 +1. 3289 +5.4522 

56 57 60 61 

+10.965 +3.2778 +10.075 +4.8442 
+1. 9174 +6 .. 1295 +1. 7720 +10.821 
+1. 7404 +3; 4729 +5.1182 +3,9634 
+3.6880 +3.9368 -1. 9434 +4.4643 
+3.8595 +2.0541 +3.6827 +2.8719 
+3.4315 +3.1515 +2.3355 +5.9286 
-4~1965 +1. 7472 +1. 5742 +9.8770 
+i. 5937 +2.2673 +1.8856 +5.0524 
+0.3632 +2.9766 +2.4986 +7.3417 
+6.6095 +1. 5728 +9.3277 +2;1402 
+1. 2136 +2.2301 +4.0338 +6.0497 
+4.6829 +5.3148 +7.8788 +8.4004 
+3.8213 +7.2114 +6.9031 +8.1372 
+2.4182 +5.1110 +3.0222 +4.909'3 
+6.1778 +4.8968 +9.8243 +5.8729 
+37.306 +3.5938 +10.944 +~.5028 
+3.59.38 +3~. 7.87 +8.1685 +8.7347 
+10.944 +8.1685 +31. 390 +7.6665 
+1. 5028 +8.7347 +7.6665 +34.01E 
+4.1633 +4.2163 +7.9977 +3.3064 

68 

+3.3327 
-2.2448 
+5.9357 
+3,5573 
+3.9590 
+4.6701 
+1.6121 
+7.0303' 
+5.5444 
+14.444 
+2.9607 
+6 .. 3528 
+4.9650 
+1. 3289 
+5.4522 
+4.1633 
.+4.2163 
+7.9977 
+3.3064 
+28.050 

1 
9 

10 
11 
13 
14 
15 
17 
18 
21 
26 
28 
33 
39 
471 
56 
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61 
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TABLE VIII· 

Inverse of Within Groups Sums of Squares and Cross Products (SP) Matrix 

1 9 10. 11 13 1.4 15 17 18 21 26 28 33 39 47 56 

1 +4.7895 -.86387 +.65889 -.19965 -.29130. +; 37448 -.0.8430. +.45582 +.870.13 -.27882 -.0.1717 +.07960. -.54182 -.88753 -.58243 -.89158 
9 -.36387 +4.2844 -1. 2788 -.33975 +.29152 -,,33422 .. 1. 0.461 +.25134 -.35483 '+.3680.7 +.0.3580. -.32662 -.0.1724 -.43655 - .13843 - .12170. 

10. +.65889 -1.2788 +5.3770. ".1. 4410. -2.280.7 +.0.640.7 +.45554 +.535:59, +~ 14944 -.71938 - .0.50.0.8 +.0.8471 -.82438 +.210.25 +.2360.3 +.41460. 
11 - .19965 -,.33975 -1. 4410. +7.1461 -1. 0.30.2 +;31518 -1.3250. -1. 0.364 +.20.638 -• .19892 +.18313 +.12727 +.75995 -.43834 ~" 27961 -.93619 
13 ,..29130. +.29l52 -2.280.7 -1. 0.30.2 +6.8221 -.62666 -.15958 -1. 3232 +.13984 -.42110. -.24723 -.090.88 +.0.0.0.66 +.69187 -.35779 -.22772 
14 +.37448 -.88422 +.0.640.7 +.31548 -.62866 +3.60.94 -.13688 -.15679 +.0.9965 ~.42777 -.33215 -.41733 -.170.96 +.10.552 ,..43472 -.22695 
15, -.0.8430. .,1.0.461 +;45654 -1. 3250. -.15933 -.13688 +5.3675 -1. 5236 -.56668 -.50.976 "..870.40. -.0.4387 - .-25906 +.50.80.8 -.52870. +1. 0.774, 
17 +;45582 +.25134 +.53359 -1.0.364 -1.3232 -.13679 -1. 5236 +5.4720. -.32928 -.89612 +.20521 -.29967 -.55140. -.0.4372 +.26372 -.10.442 
18 +.870.13 -.35453 +'.14944 +.20.538 +.13984 +.0.9965 -.56668 -.32923 +3.8491 -1:; 640.48 -1. 0.10.9 +.0.8759 -.78134 -.42223 -.24533 -.20.975 
21 -.27892 +.8680.7 -.71938 -.19692 -.42110. -.42777 -.50976 -.89812 +.54048 +4.9229 .... 74180. -.43416 -.68443 -.31915 -.10.817 .;,.27262 
26 ... 0.1717 +.0.3680. -.0.50.0.8 +.18313, -.24728 -.33215 -.870.49 +.20.521 -1.0.10.9 "".74180. +5.780.3 +.61250. -.0.8773 -.73685 -.00.683 -.0.3233 
28 +.0.7960. -.32662 +.0.8471, +.12727 -,,0.90.98 -.41733 -.0.4387 -.29967 +.0.8759 -.43416 +.61250. +3.560.2 -.53728 -.64626 -.35438 -.0.6220. 
33 -.54182 -.0.1124 -.82438 +.759.95 +.0.0.0.66 -.170.96 -.2590.6 -.55140. -.78134 -.58448 -.0.8773 -.53728 +4.2980. +.11190. +.27977 "..12855 
39 .,..88753 -.43655 +.210.26 -.43834 +.69187 +.10.552 +.50.80.8 -.0.4372 -.42223 -.31915 -.73685 ,-.64526 +.11190. -1:3.9297 -.36335 +.20.168 
47, -.58243 -.13543 +.2360.3 ... 21961 -.36780, -.43472 -.52870. +.2,6372 -.24533 - .10.617 -.0.0683 -.35438 +.27977 -.36335 +4.2623 -.15616 
56 -.89158 -.12110. +.41460. -.93619 -.22772 -.22695 +1. 0.774 -.10.442 -.20.975 -.27262 -.0.3233 -.0.6220., -.12655 +.20.168 -.15516 +3.5394 
57 +.22999 -.27392 +.11938 .:..62346 '+.0.2469, -.0.150.7 +.33740. +.0.1144 +.12182 +.35765 -.0.9158 -.0.2278 -.53699 ... 28987 - .11542 +;0.2394 
60. -.87236 +.30.606 -.71326 +1.6151 -.13696 +.36542 -.21028 +.15340. -.0.1175 -.51180. -.28369 -.323.20. -.0.3659 +.18533 - .,84541 -.97478. 
61 - .1t.i321 -.51847 +.12864 .. ;,35149 +.15~64 -.10.952 -.5750.3 -.0.2996 -,,22791 +.47157 -.43446 -.38625 -.34664 -.0.4978 +.0.0.732 +.15777 
68 -.310.69 +.63948 -. ~5911 -.40.90.6 +.60.0.38 -.2490.0 ' +.63519 -.49125 -.8140.7 -1. 5637 +.11646 ... 22686 +.240.0.5 +.25116 -.26424 +.13447 

-

• Each element of the matrix is to be multiplied by 10.- 2 

57 60. 61 

+.22999 -.87236 -.16321 
-.27392 +.30.606 -.51847 
+.11938 -.71326 +.12864 
-.62546 +1. 6151 -.35149 
+.0.2469 -~13696 +.15264 
-.0.150.7 +.36342 -.10.962, 
+.33740. -.210.28 -:.5750.3 
+.0.1144 +.15340. -.0.2996 
+.12182 -.0.1175 -.22791 
+.35766 -.51180. +.47157 
-.0.9158 -.28369 -.43446 
-.0.2278 -.32820. -.38625 
-.5590.0. -.0.3859 ,-.34554 
-.28987 +.18533 -.0.4978 
-.11542 -.84641 +.0.0.732 
+.0.2394 -.97478 +.16777 
+3.2273 -.70.979 -.45211 
-.76979 +5.0.131 -.670.9,3 
-.45211 -.670.93 +3.8961 
-.31327 -.55968 -.19359 

68 

-.310.69 1 
+.63943 9 
-.45911 10. 
".40.905 11 
+.50.533 13 
-.2490.0. 14 
+.63519 15 
-.0.4912 17 
-.8140.7 18 
-1. 5637 21 
+.11646 26 
-.22586 28 
+.240.0.6 33 
+.25118 39 
-.26424 47 
+.13447 56 
-.31327 57 
-.5590.8 60. 
-.19339 61 
+5.0.80.8 68 
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The data on symptoms yield the following 
values for the T 2, s: 

2 
T12 = 77.3215, 

T
I2 
13 = 15.8515 , 

2 T 14 = 18.7329, 

T~3 = 53.7181, 

2 
T 24 = 36.4148, 

T;' = 27.0456. 

It is apparent that T :ax = Ti2 = 77.3215. 
If we are interested in testing the hypoth­

esis at the 6% level, the critical value, T ~ 
is found in the following way. 

Probability [largest T~f :s T ~ I H ] 

4 
== 1 - L Pif = 0.94, 

i~'£=l 

where 

P if = Probability [T:f > T! I Hit] • 

Since all Pif 's are equal to (say) P, we have 

1 - 6P = 0.94 

and therefore P = 0.01. 
Now each T fe is distributed as the F dis­

tribution with (P,v), that is (20,141) degrees 
of freedom. The F tables yield a value of 

\2\ T ex = 10 88 when P = 0.01. 
Hence T:ax > T! and the hypothesis of no 

difference among diagnostic groups is re­
jected. In fact, each T~f > T! which indi­
cates that each differs significantly from all 
others. 

Although the application of this particular 
test is justified only when the data are multi­
variate normal it seems reasonable to as­
sume that (1) the data for each diagnostic 
group do approximate normality since the 
sample sizes are moderately large; and (2) 
the test itself is not particularly sensitive to 
deviations from normality. 

The results, while preliminary, are ex­
tremely encouraging in that they suggest the 
existence of reasonably clear-cut criteria 
for diagnostic grouping. Obviously much 

work remains to be done, but the pilot inves­
tigation to date gives every indication that 
future study will provide ;revealing informa­
tion and meaningful results for differential 
diagnosis of emotional disturbances. 

APPENDIX 

Tests for Equality of Mean Vectors 

Consider K multivariate normal popula­
tions with a common unknown covariance 
matrix ~ and mean vectors /l h ••• , IlK' 
where '/l~ = (/l,il' ••• , /lip) and /lit denotes 
the ith population mean on the tth variate. 
Since a multivariate normal is completely 
specified by its mean vector and covariance 
matrix, the above populations are homogene-
0us if their mean vectors are equal. The 
hypothesis of equality of mean vectors is 
denoted by 

H: lh = ••• = I:!:x.. 

Various test procedures are available in the 
literature to test the total hypothesis H and 
to make a decision relative to the acceptance 
or rejection of its subhypotheses in the event 
H is rejected. For a detailed discussion on 
the relative merits of these procedures, the 
reader is referred to [5]. Two of these pro­
cedures are briefly reviewed here. The first 
procedure is known as the "Multivariate 
Analysis of Variance (MANOVA) test based 
on the largest root." This test was proposed 
by S. N. Roy [7] and the fest procedure is to 
accept of reject H according as 

where CL (A) denotes the m~imum charac­
teristic root of A and A ex is chosen such that 

Probe [CL (SHS ;1) :s Aex \HJ = (1 - a). 

In the above equation, SH and Se respectively 
denote the sums of squares and cross prod­
ucts (SP) matrices due to H and "error" re­
spectively. (In the univariate case, where 
p = 1, SH and Se respectively denote the sums 
of squares due to H and error respectively. 

The value of Aex for any given value, of a 
can be obtained from the tables of D. L. 
Heck [1]. If the total hypothesis is rejected, 
we can make multiple decisions on the accept­
ance or rejection of the various subhypotheses 
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by examining the confidence intervals on the 
"parametric functions" which measure de­
partures from these subhypotheses. These 
confidence intervals were derived by B. N. 
Roy and R. Gnanadesikan [8,9]. For an illus­
tration of the MANOV A test with biochemical 
data, the reader is referred to [13]. 

The second method is based on the maxi­
mum of the (~ ) Hotelling T 2, s. Thisproce­
dure is applicable to test H and make multi­
pIe decisions on the acceptance or rejection of 
its subhypotheses of the form Hit : J.1. i = Ilt , 
(i ~ I = 1, 2, ••• , K). This procedure was 
formulated by S. N. Roy and R. C. Bose [6] 
and is a multivariate analogue of Tukey's 
multiple comparison test [14]. The technique 
(with trivial modification) is described below: 

Let 

(i ~ I = 1, 2, ••• , K), 

where v is the error degrees of freedom, TJ i is 
the size of ith sample and {li' (i = 1, 2, ••• , K) 
is the maximum likelihood estimate of Il i. 
Then we accept or reject H according as 

largest T~t out of (~) pairs ; T~ , 

where T~ is chosen such that 

Probe [largest T~t out of (~) pairs ~ T!JHJ 

= (1 - a). 

If the total hypothesis H is rejected, we ac­
cept or reject the subhypotheses Hit ac­
cording as 

2 < 2 
Tit > T cx.. 

Recently, it was shown [5] that the above test 
is better (in the sense of shortness of the 
lengths of the confidence intervals) than the 
MANOV A test but the nature of the exact 
distribution of the "largest Hotelling T2" is 

not known. M. Siotani [10-12] has suggested 
some approximations to this distribution 
which for moderately large samples, seem 
satisfactory. When the error degrees of 
freedom are very large, the following ap­
proximation can be used. 

K 
Probe [ largest T~t ~ T!I HJ f!! 1 - ~ P if , 

i;et=l 

where 

But, when H it is true, T ~_ is distributed as 
the F distribution with \p, TJ- P - K+ 1) de­
grees of freedom where 

So, the values of P if's can be obtained from 
F tables (or incomplete Beta function tables) 
for any given value of T!. Here, we note that 
M. Siotani suggested an approximation simi­
lar to the above as a first approximation for 
upper percentage points. 

In one way classification, SH = (s tu) and 
Be = (s etu) are respectively called "Between 
Groups" and "Within Groups" SP matrices 
where 

and 

Stu = ~ TJ i (X i. t - X .. t ) (X L u - X .. u ) 
i 

XLt = (~ Xijt) /TJi = flit 
j 

X .. t = (~~Xijt) /TJ. 
i J 

Here Xijt denotes the observed value as­
sociated with the jth individual in the ith 
group on the tth variate. XL u , x .. u can be 
defined similarly. 
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TABLE A-1 

List of Symptoms 

DESCRIPTION 

School Maladjustment: 

Arithmetic disability 
Reading disability 
Unsatisfactory school work in general 
Truancy from school 
Frequent absences from school 
Fear or extreme dislike of school 

Asocial Behavior: 

Destructiveness 
Lying 
Stealing 
Cheating 
Pre-occupation with matches, fire-setting 
Running away from home 

Negative Attitudes and Behavior: 

Sullenness, Sulkiness 
Disobedience 
Stubbornness 
Negativism 
Rebelliousness 
Resentment 
Easily aroused anger 
Unprovoked anger 
Temper tantrums 
Excessive whining or crying 
Jealousy, envy of others 
Bearing grudges 
Teasing behavior 
Attacking behavior 
Fighting 
Bullying 
Cruelty 

Other Interferences in Social Relationships: 

Seclusiveness 
Shyness 
Excessive passivity, non-assertiveness 
Over-sensitivity 
Over-conformity 
Over-dependency 
Excessive independency 
Clinging exaggerated display of affection 
General indifference or disinterest in people 

ORIGINAL 
NUMBER 

n 
4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

2;} 27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 

REASSIGNED 
NUMBER 

1 

Delete 
2 
3 

4 
5 
6 
7 
8 

Delete 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 

Delete 

23 
24 
25 
26 
27 
28 
29 
30 
31 
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TABLE A-1 (Continued) 

DESCRIPTION 

Other Interferences in Social Relationships (Continued) 

Inability to form strong attachments or relationships 
Inability to get along with other children his own age 
Unpopularity with children 
Inability to get along with adults 
Preference for younger children 
Preference for older children 
Suspiciousness, distrust of people 
Excessive assertiveness 
Excessive competitiveness 
"Sissy-like" behavior (boys) 
"Tom-boyish" behavior (girls) 

Attitudes Toward The Self: 

Lack of self-confidence 
Self-depreciation 
Feelings of bodily inadequacy or defects 
Attempts at physical self-injury 
Disregard for his own possessions 
Carelessness 
Messiness 
Worrying 
Emphasis on sameness 
Dawdling, procrastination 
Over- conscientiousness, need for perfection 
Specific fears, phobias 
General fearfulness, timidity 
Unrealistic fearlessness 
General feeling of dissatisfaction, lack of enthusiasm 
Specific compulSions 
Bragging, grandiosity 
Accident proneness 
Exaggerated unconcern 

Interference with Thought Activity: 

Day-dreaming 
Verbalized fantasies 
Delusions, hallucinations 
Complete self-absorption 
Inability to concentrate 
Boredom, lack of interest 
Specific obsessions 
Memory disturbances - underdeveloped 
Memory disturbances - overdeveloped 

Motor Disturbances: 

Tiredness 

ORIGINAL 
NUMBER 

39 

40} 
41 
42 
43 
44 
45 
46 
47 
48 
48 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

68 
69} 
70 
71 
72 
73 
74 
75 
76 

77 

REASSIGNED 
NUMBER 

32 

33 

97 
34 
35 
36 
37 
38 

Delete 
Delete 

39 
40 
41 

Delete 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

57 

58 

59 
60 
61 
62 
63 
64 

65 
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TABLE A-1 (Continued) 

DESCRIPTION 

Motor Disturbances (Continued) 

Laziness 
Poor coordination, awkwardness 
Restlessness 
Hyperactivity 
Stereotyped mannerisms 
Tics 
Facial grimaces 
Head-banging 

Disruption in Developmental Pattern: 

Speech disorders 

Doesn't talk at all 
Slow in learning to speak 
Doesn't speak clearly 
Limited vocabulary 
Repetitive speech 
Use of 3rd person 
Other speech disorders 

Eating problems 

Won't eat at all 
Doesn't eat enough, "poor eater" 
Likes only a limited number of foods 
Won't try new foods 
Eats only strained foods 
Food fads 
Allergies to certain foods 
Excessive appetite 
Eats with fingers, poor table manners 
Other eating problems 

Wetting 

Day 
Night 

Soiling 

Day 
Night 

Excessive masturbation 
Sex Play 

Exhibitionism 
Voyeurism 

ORIGINAL 
NUMBER 

78 
79 
80 
81 
82 
83 
84 
85 

86 
87 
88 
89 
90 
91 
92 

93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

103} 
104 

105} 
106 

107 

108} 
109 

REASSIGNED 
NUMBER 

66 
67 
68 
69 
70 

Delete 
71 

Delete 

72 
73 
74 
75 
76 
77 

Delete 

78 
79 
80 
81 

Delete 
82 

Delete 
Delete 
Delete 
Delete 

83 

84 

Delete 

85 
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TABLE A-1 (Continued) 

DESCRIPTION 

Disruption in Developmental Pattern (Continued) 

Sex Play (Continued) 

Sexual activities with others 
Sexual attitude 
Sexual approach 
Fearful of sex 
Other sexual problems 
Thumb- sucking 
Nail-biting 
Mouthing, licking, sucking, biting, objects 
Fetishism 

Sleep disturbances 

Refusal to go to bed 
Fear of the dark 
Difficulty falling asleep 
Nightmares 
Talking or calling out in sleep, crying in sleep 
Sleep-walking 
Light sleeper, waking up frequently at night 
Prowling at night through the house 
Wanting to sleep with one or both parents 
Excessive sleep 
Other sleep disturbances 
Other problems not mentioned above 
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REASSIGNED 
NUMBER 

Delete 
Delete 
Delete 
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SPACETRACKING MAN-MADE SATELLITES AND DEBRIS 

Robert W. Waltz, Colonel, USAF 
Commander 9th Aerospace De!. Div. 

There are many types of satellites in orbit. 
One revolution requires a minimum or' about 
ninety minutes. This varies, of course, and 
can be several times this quantity. The only 
organization in the free world that has re spon­
sibility for tracking all man-made objects in 
space is the 1st Aerospace Control Squadron. 

AEROSPACE EVALUATION 

The United States got into the aerospace 
business in 1957 when Russia launched its 
first Sputnik. At that time there was no oper­
ational skill developed in the art of detecting 
or tracking satellites. The Research and 
Development Command of the Air Force was 
assigned the responsibility to develop such a 
capability. This organization wa established 
at Hanscom Field. In addition to research 
and development responsibility, they were 
tasked with the operational requirements of 
those days. In November 1960, the Air Force 
began its training of a group of Air Force 
personnel to establish a completely opera­
tional organization. In February of 1961, 
Headquarters USAF directed that the 1st 
Aerospace Control Squadron be in position 
by 1 July at Ent Air Force Base with an op­
erational capability of detecting and tracking 
satellites in support of NORAD. At that time 
we had neither trainedpersonnel nor aphysi­
cal location to go into, communications facil­
ities, nor a computer. In the next four months 
our organization increased from the original 
twelve people to something in the order of 
over 100. A building was identified. Generals 
were moved from their offices and the facili­
ties were completely rehabilitated. A com­
puter was designated and installed by the 

and 
B. M. Jackson, Captain, USAF 
Ent Air Force Base, Colorado 
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middle of April of 1961. Personnel began 
arriving on site about that time, and by the 
10th of June all of the facilities were ready. 
Unexpectedly, the computer at our research 
and development facility had a failure due to 
air conditioning. The requirement was placed 
upon our organization to commence opera­
tions 20 days ahead of schedule. We accom­
plished this without much difficulty. 

Since that time we have taken on the name 
of Spacetrack Center. This is the portion of 
1st Aerospace Squadron that has the satellite 
mission. We were established as a contingent 
of the NORAD Combat Operations Center. 
The entire space detection and tracking sys­
tem, which is the responsibility of NORAD, 
has been dubbed SPADATS. 

SATELLITE BACKUP 

In order to provide reliability in the sys­
tem and to provide our research organization 
with the equipment and tools to further develop 
the state of the- art of satellite detection and 
tracking, a backup facility was established at 
Hanscom Field. Equipment identical to that . 
installed at E nt has been provided. The backup 
installation is called the Spacetrack R&D Fa­
cility and is under the control of the Air Force 
SystemsCommand. As do we, they have other 
names, the prime one being 496L Systems 
Project Office" (SPO). 

RELATIONSHIPS WITH OTHER 
ORGANIZA TIONS 

The 1st Aerospace Control Squadron was 
established to support the North American 
Air Defense (NORAD). The United States Air 



Proceedings-Fall Joint Computer Conference, 1962 / 305 

Force, through its Air Defense Command, is 
responsible for the support and technical 
operation of all the facilities of the NORAD 
Combat Operations Center (COC) located at 
Ent Air Force Base. The 1stAerospace Con­
trol Squadron is responsible to the Air Defense 
Command (through the 9th Aerospace Defense 
Division). NORAD is a unified command com­
posed of all the various military services of 
the United States and Canada. 

SPACETRACK MISSION 

The mission of the Spacetrack Center is to 
detect and track all man-made space objects; 
maintain an information catalogue on all space 
objects; determine orbits and ephemerides 
of all space objects; provide system status 
and satellite displays; and provide satellite 
data to NORAD and other military and sci­
entific agencies as required. 

SATELLITE SENSORS 

To support the mission of Spacetrack, there 
are sensors located all around the world. 
There are three basic types of sensors that 
are used to detect and track satellites. These 
are optical, radar and radiometric. Some of 
these are controlled by military organiza­
tions; others are scientific instruments which 
support Spacetrack on a cooperative basis. 

An example of the optical type sensor is 
the Baker-Nunn camera. A Baker-Nunn 
c'amera is very similar to a telescope and is 
equipped for taking pictures of satellites 
against a star background. The mount for 
the Baker-Nunn camera is steerable and can 
be programmed to track the path of the sat­
ellite in accordance with predictions provided 
by the Spacetrack Center. Techniques of the 
astronomer are used to determine the posi­
tion of the satellite with respect to reference 
stars. In this manner, we obtain the right 
ascension and declination of the satellite's 
position. 

Radars provide our most useful informa­
tion in that they determine all of the quanti­
ties required to fix the satellite's position as 
one point in space. From the radar we get 
azimuth, elevation, range, range rate, dop­
pIer, and what we call a Signature of the sat­
ellite. By signature we imply its tumble rate 
and radar cross section from which we can, 
in general, determine the size of the object, 
length, width and general configuration. 

Radars are of two basic types. One is the 
fixed fan which has a stationary antenna. It 
radiates electrical energy in a horizontal or 
vertical fan-shaped plane. The other type 
radar is the tracker. It provides a pencil 
beam pattern and must be pointed at the sat­
ellite. The antenna is parabolic and is steer­
able either by manual control or automatically 
by computer program. See Fig. 1. 

Figure 1. Aerial View of Thule-This areial 
view of the BMEWS, Thule, Greenland radar 
site shows the four huge detection radar an­
tennas and the one radome which protects the 
movable tracking radar antenna. The sta­
tionary detection antennas measure 165 feet 
in height and 400 feet across the top. 

A third and last major sensor that con­
tributes significantly to our mission is the 
radiometric type. It is apassive type sensor 
that depends upon transmissions from the 
satellite itself. It is, in effect, a Simple but 
highly directional radio receiver. With this 
device we can determine the azimuth of the 
satellite, the time of its closest approach to 
the facility, and the doppler. 

COMMUNICATIONS AND SENSOR 
LOCATIONS 

Teletype or high-speed data link commu­
nications connect Spacetrack to all of the 
major sensors or centers that collect satel­
lite observations. Direct circuits are pro­
vided to: 

a. The Ballistic Missile Early Warning 
fixed fan radars at Clear, Alaska, and 
Thule, Greenland (Thule also has a 
tracking rac;lar). 
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b. Shemya Island (Alaska)-both a fixed 
fan and tracking radar. 

c. Laredo AFB, Texas-tracking radar. 
d. Moorestown, New Jersey-tracking 

radar. 
e. Spacetrack R&D Facility, Mass,-for 

computer backup. Data from a radio­
metric sensor and a tracking radar are 
received from this area. 

f. SPASUR operated by the U. S. Navy­
consists of a series of vertical radar 
fans across southern United States. 

g. Patrick AFB, Florida-provides data 
from the Atlantic Missile Range sen­
sors including all types. 

h. Sunnyvale and Point Mugu, Calif.-for 
data from the Pacific Missile Range. 

i. NationalAeronautics & Space Adminis­
tration (NASA) at Greenbelt, Maryland­
links Spacetrack with the scientific 
sensors around the world including 
those of foreign governments. 

SATELLITE DATA INPUTS 

Information received from the sensors by 
100 wpm teletype circuits is processed to the 
computer in two modes. In the manual mode 
a paper tape and hard copy of each message 
received by the Communications Center is 
delivered to the Data Conversion Room. If 
the message is in the proper format, it can 
be immediately converted from paper tape to 
punched cards by using an mM 047 tape-to­
card converter. On the other hand, for cer­
tain few messages, the observations must be 
processed manually from the hard copy by 
entering the information in a converted form 
onto a standard observation sheet. This sheet, 
in turn, is hand-punched to provide cards. 
The cards are then consolidated and read on 
magnetic tape in an off -line mode. 

The second mode is called a semi­
automatic mode of operation. Due to equip­
ment and program difficulties, this system 
has never been used operationally. However, 
the hardware is designed to allow satellite 
observations received by teletype to be fed 
directly to the. computer through electrical 
circuits. The system input starts with the 
sensor looking at the satellite and determin­
ing its position in azimuth, elevation, range, 
range rate, and any other quantities it can 
obtain. This information is transmitted over 
100 wpm teletype circuits and received in the 
Communications Center on a page printer 

which provides a hard copy. If the format is 
coded beginning with five $ signs, switching 
action routes the message to the computer. 
The switching unit is activated by the first 
three $ signs and connects the incoming cir­
cuits to a tape punch. The remainder of the 
message, which includes two $ signs, the text 
and the clOSing signal, is punched on paper 
tape and stored until ready to be transmitted 
to the computer electrically. To end the 
message, a signal of five right-hand paren­
theses are provided. Three of these activate 
the switching unit to return it to its normal 
pOSition of a local tape punch in the C omm 
Center. Messages not in this coded format 
are received only as a hard copy and local 
paper tape in the Comm Center. As mentioned 
in the manual mode, these two items are 
delivered to Data Conversion for processing 
by hand. Upon command from the computer, 
messages stored in the Comm Center's semi­
automatic input equipment can be transmitted 
through the DMNI and Real-Time System to 
the Philco 2000. Twenty-four low-speed 
teletype and three high-speed data link cir­
cuits can be connected to the DMNI at present. 
To provide for storage of data during periods 
when the 2000 is inoperative, aDMNI recorder 
will be installed. This will consist of a 410 
processor and a magnetic tape unit. 

SATELLITE PROGRAM (A-1) 

The A-1 program system (see Figure 2) 
provides for the processing of nearly all of 
the routine satellite data. It contains its own 
executive and is completely independent of 

INPUTS 

OBSERVATION 
CONVERSION 

REPORT 
ASSOCIATION 

DIFFERENTIAL 
CORRECTION 

OUTPUTS 
TO SENSORS 
NOR AD AND 
OTHER USERS 

Report Tape 

New Elements (RA,i,w,e,To 8t P) 

Equatorial Crossing Time It Longitude 
Table to Correct for any Locat ion 

Position of Satellite for one Sensor. 
Azimuth, Elevation, Range &. Time 

Figure 2. Satellite Computer Program (A-I). 
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the Philco SYS. The inputs to this system 
are from magnetic tape and consist of (1) the 
70TTY IN tape which contains the manual 
data provided from punched card and (2) the 
DMNI tape created through the semi­
automatic mode of operation. 

These two tapes are the input to the ob­
servation conversion (ORCON) routine, where 
the observations are converted on a report 
(R) tape to one common standard computer 
format. The R tape becomes an input to the 
report association (RASSN) routine. In 
RASSN, the observations (reports) are com­
pared against the entire satellite inventory 
and are identified according to their associa­
tion with the predicted satellite positions. 
Those that meet very narrow limits estab­
lished in the program are called fully asso­
ciated reports (R a's). Those that do not 
associate within this narrow tolerance or 
associate with more than one satellite are 
called doubtfully associated (R d) • The third 
category contains those observations which 
do not associate with any objects in the sat­
ellite inventory and are called unassociated 
reports (RJ. Most of the unassociated re­
ports are the results of electrical noise or 
inaccurate observations. The SRADU tape 
(sorted reports associated, doubtful and un­
associated) is the input to the Simplified Gen­
eral Perturbation Differential Correction 
(SGPDC) routine. Here the fully associated 
observations are used to correct the elements 
of each satellite. 

Elements are the variables required to 
fully describe a satellite orbit. These con~ 
sist of the right ascension, the inclination, 
the argument of perigee, the eccentricity, the 
time of epoch, and the period of the satellite. 
The outputs produced from the new elements 
are forwarded to the sensor in order that they 
may acquire the satellites on future passes. 
In addition, outputs are forwarded to NORAD 
and other users for tactical and scientific 
purposes. 

The primary outputs consist of the bulletin 
and the look angle. The bulletin is a listing 
of equatorial crossing times and longitude 
for each revolution of the satellite. Also in­
cluded with the bulletin is a table to correct 
the equatorial crossing to any location in the 
world. Look angles provide the position of 
one satellite for one sensor. This informa­
tion is presented in the form of azimuth, ele­
vation, range, and time for the specific sensor 
and for the specific satellite to be observed. 

Other outputs from our system include peri­
odic reports required by NORAD and the 
other users of our information. 

In addition to the A-1 system, there are 
about 20 other programs in use for satellite 
computations. These were originally written 
in FORTRAN and mM machine language and 
were later converted to ALTAC for use with 
Philco SYS. These are now being converted 
to TAC for attachment to the A-l executive. 

SPACETRACK CONTROL ROOM 

The computer outputs are manually 
checked for accuracy prior to release to the 
tactical or scientific communities. This is 
accomplished in our Spacetrack Control 
Room. 

Compared to operational displays, the 
Spacetrack Control Room for aircraft sur­
veillance operations is quite an unspectacular 
facility. (See Figure 3.) To date, no dynamic 
displays have been created which are entirely 
satisfactory for satellite purposes. In order 
to provide satellite data to CINCNORAD, 
static menu boards and a random access 
slide projector are used. Included are a 

Figure 3. Space Scoreboards,-Status boards 
in North American Air Defense Command's 
Space Detection and Tracking System Opera­
tions Control Center at Colorado Springs, 
Colorado, display timely tracking information 
on all man-made objects in earth orbit. 

summary of the satellite population, detailed 
information regarding the payload of each 
launch, and sensor data. A world map shows 
the location of the major sensors and centers 
that collect observations and the connecting 
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communications circuits. These are dis­
played to NORAD thru a closed-circuit tele­
vision system. 

BMEWS BACKUP 

In addition to the satellite mission, the 
Philco 2000 has been programmed to provide 
a backup function for the BMEWS Display In­
formation Processor located in the NORAD 
COC. The mission of BMEWS (Ballistic Mis­
sile Early Warning System) is to display to 
NORAD impact and launch data on missiles 
detected by the BMEWS which has radars at 
Clear, Alaska, and Thule, Greenland. 

BMEWS RADARS AND FUNCTIONS 

The BMEWS site at Clear consists of sev­
eral fixed fan type radars. The site at Thule 
consists of a tracker radar in addition to sev­
eral fixed fan radars. A future site being in­
stalled at Fylingdales, England, will contain 
all tracker type radars. These "forward" 
sites provide the coverage required to detect 
hostile missiles that may be launched against 
the North American Continent. 

With computers located at these sites,pre­
dicted missile launch and impact pOints and 
the time of impacts are computed. This in­
formation is provided to the computer facili­
ties within the NORAD COC for generation of 
displays. 

BMEWS PROGRAM (B-1) 

Data flows to the Philco 2000 from the for­
ward site radars over high-speed data link 
circuits and thru the DMNI and Real-Time 
System. The B-1 program (see Figure 4) 
processes this information for display in the 
COCo Like the A-1 program, B-1 is com­
pletely independent of SYS. The B-1 program 
converts the forward site information into 
data suitable for drawing slides for a projec­
tion system and for driving numerical dis­
plays. The output is provided through the 
DMNO (Device for Multiplexing Non-Syn­
chronous Outputs) to four devices: the impact 
and launch display decoder for projection 
system, the threat summary panel, the DMNO 
flexowriter for status data, and the remote 
transmitters that provide information similar 
to that displayed in the NORAD COC to the 
Strategic Air Command and the Joint Chiefs 
of Staff. 

"----.-~ -----' 
NoRAD 

Figure 4. BMEWS Data Flow. 

NORAD COC DISPLAYS 

The BMEWS data are presented in the 
Combat Operations Center (COC) on two pro­
jection systems and a numerical display. The 
projection systems consist of two maps: one 
is of the North American Continent on which 
predicted impacts are displayed, and the other 
is a polar projection of the European-Asian 
Continent on which computed launch points 
are indicated. Both launch and impact loca­
tions are represented by ellipses. Included 
with each ellipse is a letter-number refer­
ence that identifies the forward site which 
detected the missile and a serial number for 
correlation between the two maps. 

The Threat Summay Panel is a numerical 
display. "Five-minute windows" provide a 
measure of the size of the missile raid dur­
ing the past five minutes. In another portion 
of the panel are shown the total numbers, for 
each site, of missiles detected and predicted 
to impact on the North American Continent. 
The time of next missile impact is displayed. 
Lastly, an "Alarm Level" is produced which 
is a combined measure of the missile raid 
and summarizes the credence of the threat. 

FUTURE 

Inthe near future the B-2 program will be 
integrated into the system. It combines the 
functions of both A-1 (for satellite) and B-1 
(for BMEWS) under one executive. This will 
allow for full-time backup of the DIP com­
puter and for proceSSing satellite data simul­
taneously. 

Under study is hardware which will com­
pletely automate the satellite inputs and 
outputs. The present manual teletype system 
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will be replaced bya computerized communi­
cations center. 

CURRENT SATELLITE SITUATION 

The satellites in orbit as of 24 September 
1962 were as follows: 

Payloads in Earth Orbit 

Debris in Earth Orbit 

USA UK USSR 

38 1 

*185 0 

4 

4 

Deep Space Probes 
(Heliocentric Orbit) 

Objects Decayed 

USA UK USSR 

4 0 

227 1 

109 

2 

10 

60 

*Includes 61 Omicron which exploded and 
produced 139 known object!'l 



Mr. S. N. Alexander 
Mr. James P. Anderson 
Mr. W. L. Anderson 
Miss Dorothy P. Armstrong 
Dr. M. M. Astrahan 
Mr. Robert C. Baron 
Mr. W. D. Bartlett 
Mr. R. S. Barton 
Mr. Aaron Batchelor III 
Mr. J. V. Batley 
Mr. M. A. Belsky 
Mr. Eric Bittman 
Mr. Erich Bloch 
Dr. Edward K. Blum 
Mr. Theodore H. Bonn 
Mr. Arthur Bridgman 
Mr. Herbert S. Bright 
Mr. Edward A. Brown 
Mr~ L. E. Brown 
Mr. W. Brunner 
Dr. Werner Buchholz 
Mr • James H. Burrows 
Mr. R. V. D. Campbell 
Mr. B. F. Cheydleur 
C. K. Chow (Mr.) 
Mr. Robert H. Courtney 
Mr. Robert P. Crago 
Mr. L. Jack Craig 
Dr. T. H. Crowley 
Mr. James A. Cunningham 
Miss Ruth M. Davis 
Dr. Douglas C. Engelbart 
Mr. Howard R. Fletcher 
Dr. Ivan Flores 
Miss Margeret R. Fox 

LIST OF REVIEWERS 

Mr. R. F. Garrard 
Mr. Ezra Glaser 
Mr. Jack Goldberg 
Mr. Geoffrey Gordon 
Mr. Joseph K. Hawkins 
Mr. George G. Heller 
Mr. George Heller 
Mr. W. H. Highleyman 
Mr. S. A. Hoffman 
Mr. Arthur Holt 
Mr. E. Hopner 
Dr. Grace Murray Hopper 
Mr. Richard A. Hornweth 
Mr. Paul W. Howerton 
Mr. Morton A. Hyman 
Mr. George T • Jacobi 
Mr. Robert Jayson 
Dr. Laveen Kanal 
Mr. Herbert R. Koller 
Dr. R. A. Kudlich 
Mr •. J. Kurtzberg 
Mr. Michael R. Lackner 
Dr. Herschel W. Leibowitz 
Prof. C. T. Leondes 
Mr. Harry Loberman 
Mr. J. D. Madden 
Miss Ethel C. Marden 
Mr. Walter A~ Marggraf 
Dr. R. E. Meagher 
Mr. Philip W. Metzger 
Mr. Albert Meyerhoff 
Dr. Robert C. Minnick 
Mrs. Betty S. Mitchell 
Mr. Ralph E. Mullendore 

310 

Mr. Simon M. Newman 
Mr. J. P. Nigro 
Mr. Glenn A. Oliver 
Mr. James L. Owings 
Mr. G. W. Petrie 
Mr. C. A. Phillips 
Dr. Arthur V. Pohm 
Mr. Jack Raffel 
Mr. M. J. Relis 
Mr. A. E. Rogers 
Mr. David Rosenblatt 
Mr. Arthur I. Rubin 
Dr. Morris Rubinoff 
Mr. Bruce Rupp 
Prof. Norman R. Scott 
Mr. I. SeUgsohn 
Mr. Donald Seward 
Mr. J. E. Sherman 
Mr. William Shoo man 
Mr. R. A. Sibley 
Mr. Q. W. Simkins 
Mr. R. F. Stevens 
Dr. Richard I. Tanaka 
Mr. Lionel E. Thibodeau 
Mr. Robert Tillman 
Mr. R. A. Tracy 
Mr. R. L. Van Horn 
Mr. Kenneth W. Webb 
Mr. Gerard P. Weeg, Prof. 
Mr. Thomas J. Welch 
Mr. Stanley Winkler 
Mr. Hugh Winn 
Mr. H. Witsenhausen 
Mr. William W. Youden 



1962 FALL JOINT COMPUTER CONFERENCE COMMITTEE 

J. Wesley Leas, Chairman 
RCA Building 201-3 

Camden 8, N. J. 

General Committee 

E. Everet Minett, Vice-Chairman 
Remington Rand Univac 

Blue Bell, Pa. 

Finance Committee 

T. T. Patterson, Secretary 
RCA Building 13-2 

Blue Bell, Pa. 

Herman A. Mfel, Chairman 
Auerbach Corporation 

Phila. 3, Pa. 

Arthur D. Hughes, Vice Chairman 
Auerbach Corporation 

Phila. 3, Pa. 

Public Relations Committee 

Thomas D. Anglim, Chairman 
Remington Rand Univac 

Blue Bell, Pa. 

Joseph Hoffman 
General Electric Co. 

Missile & Space Division 
Valley Forge, Pa. 

Thomas I. Bradshaw 
RCA Building 202-2 

Camden 8, N. J. 

E. C. Bill 
Remington Rand Univac 

Blue Bell, Pa. 

Proceedings Committee 

Joseph D. Chapline, Chairman 
Philco Computer Division 

Willow Grove, Pa. 

Walter Grabowsky, Vice Chairman 
Auerbach Corporation 

Phila. 3, Pa. 

E. Gary Clark, Chairman 
Burroughs Corporation 

Paoli, Pa. 

Robert S. Barton 
1981 E. Meadowbrook Rd. 

Altadena, Cal. 

B. F. Cheydleur 
Philco Computer Division 

Willow Grove, Pa. 

Peter E. Raffa, Chairman 
Technitrol, Inc. 
Phila. 34, Pa. 

Program Committee 

Arnold Shafritz 
Auerbach Corporation 

Phila. 3, Pa. 

T. H. Bonn 
Remington Rand Univac 

Blue Bell, Pa. 

James L. Owings 
RCA Building 82-1 

Camden, N. J. 

Arrangements Committee 

Robert A. Hollinger 
Vice Chairman 
Technitrol, Inc. 
Phila. 34, Pa. 

311 

Aaron Batchelor, Vice Chairman 
Burroughs Corporation 

Paoli, Pa. 

Dr. Stanley Winkler 
IBM, Fed. System Div. 

Rockville, Md. 

Dr. Hugh Winn 
General Electric Co. 

Missile & Space Division 
Valley Forge, Pa. 

William McBlain 
Minneapolis-Honeywell 

Regulator Co., Pottstown, Pa. 



312 
Ladies Activity Committee 

Miss Mary Nagle, Chairman 
RCA Building 204-2 

Camden 8, N. J. 

Mrs. John M. Bailey 
1032 Wayne Rd. 

Haddonfield, N. J. 

Mrs. John W. Mauchly, Vice-Chairman 
Mauchly Associates 

Fort Washington, Pa. 

Miss Josephine Schiazza 
RCA Building 204-2 

Camden 8, N. J. 

Norman A. Miller, Chairman 
Remington Rand Univac 

Blue Bell, Pa. 

Louis F. Cimino, Chairman 
General Electric Co. 
Missile & Space Div. 

Valley Forge, Pa. 

Miss Eleanor Gardosh 
General Electric Co. 
Missile & Space Div. 

Valley Forge, Pa. 

R. A. C. Lane, Chairman 
RCA Building 204-1 

·Camden 8, N. J. 

Herbert S. Bright, Chairman 
Philco Computer Division 

Willow Grove, Pa. 

R. Paul Chinitz 
Remington Rand· Univac 

Blue Bell, Pa. 

Daniel AshIer 
Auerbach Corporation 

1634 Arch Street 
Phila. 3, Pa. 

Printing and Mailing Committee 

John Coston 
Remington Rand Univac 

Blue Bell, Pa. 

Registration Committee 

Richard D. Burke 
Vice-Chairman 

IBM Corp. 
Phila. 2, Pa. 

Jack Armstrong 
General Electric Co. 
Missile & Space Div. 

Valley Forge, Pa. 

Sol Steingard 
General Electric Co. 
Missile & Space Div. 

Valley Forge, Pa. 

Exhibits Committee 

Lowell Bensky 
Re se Engineering 
A & Courtland st. 

Phila., Pa. 

Special Events Committee 

Dr. Louis R. Lavine 
Philco Computer Division 

Willow Grove, Pa. 

Edward H. Nutter 
Philco Computer Division 

Willow Grove, Pa. 

Dr. Morris Rubinoff 
Moore School of Electrical Engrg. 

University of Pennsylvania 
Phila., Pa. 

Mrs. Margery League 
Remington Rand Univac 

Blue Bell, Pa. 

Administration Committee 

Mrs. Ethel Levinson 
Remington Rand Univac 

Blue Bell, Pa. 

John Schafer 
General Electric Co. 
Missile & Space Div. 

Valley Forge, Pa. 

Miss Liz Gunson 
IBM Corp. 

230 S. 15th St. 
Phila.2, Pa. 

W. P. Hogan, Vice Chairman 
Leeds & Northrup 
North Wales, Pa .. 

B. F. Cheydleur, Vice Chairman 
Philco Computer Division 

Willow Grove, Pa. 

John W. Mauchly 
Mauchly Associates 

Fort Washington, Pa. 

Harry Bortz 
IBM Corp. 

230 S. 15th St. 
Phila. 2, Pa. 

T. T. Patterson, Chairman 
RCA Building 13-2 

Camden 2, N. J. 

John P. Brennan, Jr., Vice Chairman 
RCA Building 82-1 

Camden, N. J. 



Technical Advisor 

Dr. Morri s Rubinoff 
Moore School of Electrical Engineering 

University of Pennsylvania 
Philadelphia 4, Pa. 

AMERICAN FEDERATION OF INFORMATION 
PROCESSING SOCIETIES (AFIPS) 

AFIPS, P. O. Box 1196, Santa Monica, California 

Chairman Executive Committee 

Dr. Willis H. Ware 
The RAND Corporation 

1700 Main Street 
Santa Monica, Calif. 

Dr. Arnold A. Cohen, IRE 
Dr. Harry D. Huskey, ACM 
Dr. Morris Rubinoff, AlEE 

Secretary Treasurer 

Miss Margaret R. Fox 
National Bureau of Standards 
Data Processing Systems Div. 

Mr. Frank E. Heart 
Lincoln Laboratory 

P. O. Box 73 
Lexington 73, Mass Washington 25, D. C. 

AlEE Directors 

Mr. G. La. Hollander 
Hollander Associates 

P. O. Box 2276 
Fullerton, Calif. 

Mr. C. A. R. Kagan 
Western Electric Co. 

P. O. Box 900 
Princeton, N. J. 

Mr. H. T. Marcy 
IBM Corporation 

1000 Westchester Ave. 
White Plains, N. Y. 

Dr. Morris Rubinoff 
Moore School of Elec. Engr. 

200 South 33rd st. 
Philadelphia 4, Pa. 

ACM Directors 

Mr. H. S. Bright 
Secretary, ACM 

Philco Computer Division 
Willow Grove, Pa. 

Mr. W. M. Carlson 
E. I. duPont deNemours & Co. 

Mechanical Research Lab. 
101 Beech St. 

Wilmington 98, Del. 

Dr. H. D. Huskey 
Computer Center 

University of Calif. 
Berkeley 4, Calif. 

Mr. J. D. Madden 
System Development Corp. 

2500 Colorado Ave. 
Santa MOnica, Calif. 

IRE Director s 

Mr. W. L. Anderson 
General Kinetics, Inc. 
2611 Shirlington Road 

Arlington 6, Va. 

Dr. Werner Buchholz 
IBM ·Development Lab. 

P. O. Box 390 
Poughkeepsie, N. Y. 

Dr. Arnold A. Cohen 
Remington Rand Univac 

Univac Park 
St. Paul 16, Minn. 

Mr. Frank E. Heart 
Lincoln Laboratory 

P. O. Box 73 
Lexington, Mass. 

AFIPS Representative to IFIP Simulation Council Observer 

Mr. I. L. Auerbach 
Auerbach Corporation 

1634 Arch Street 
Philadelphia 3, Pa. 

Mr. J. E. Sherman 
Simulation Council, Inc. 

Finance 

Dr. R. R. Johnson 
General Electric Co. 

P. O. Drawer 270 
Phoenix, Ariz. 

Sunnyvale, Calif. 

STANDING COMMITTEE CHAIRMEN 

Planning 

Dr. Morris Rubinoff 
Moore School of Elec. Engrg. 

200 South 33rd St. 
Philadelphia 4, Pa. 

Admissions 

Dr. Bruce Gilchrist 
IBM Corporation 
590 Madison Ave. 
New York 22, N. Y. 

313 


