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The PBM 1975 Optical  Page  Reader 
Part I: System Design* 

Abstract:  The IBM 1975 Optical  Page  Reader,  specially  built  for  the  Social  Security  Administration,  reads  over 200 fonts  from  quarterly 
employer reports  printed by  electric and manual  typewriters,  business  machines,  and  high-speed  printers.  Since  the  SSA  has  no  control 
over the means  used  by  employers to prepare  the  reports,  many  variations  in  print  quality are present.  This  paper  discusses the  problems 
involved  in  planning and developing a system to read  these reports  and summarizes the design  of the specialized  video  signal  processing 
circuits  and  the  character  recognition  logic that are used  in the system.  Two  companion  papers treat  the  latter  topics  in  more  detail. 
Also  discussed  in the  paper is a management information system that permitted  detailed  analysis of experimental data and accelerated 
the development  process. 

Introduction 
Every quarter each of the approximately 3% million em- 
ployers in  the U.S. sends to the Social Security Adrninistra- 
tion  a  report of the  FICA-taxable wages earned by its em- 
ployees. This report is prepared on a special form (Fig. 1) 
supplied by the SSA. Although  the form is  of standard size 
and  the information  appears  in  a standard format,  the SSA 
has  no  control over the means used by employers to print 
the information on the  document.  The printing may be 
done with any typewriter or business machine normally 
used by the employer in  conducting his business; indeed, it 
may  be  handwritten.  This  lack of control not only yields 
documents  printed  in a large variety of type fonts, but  it 
also causes some documents to be submitted with dis- 
tressingly poor print quality. 

From  an engineering viewpoint the SSA’s desire for a 
machine to read a significant number of these reports repre- 
sented a good vehicle for the application of a sophisticated 
character recognition technology. This  paper describes the 
IBM 1975 Optical Page Reader which  was developed spe- 
cifically to meet the needs of the SSA. In the SSA’s ac- 
counting system the incoming employer reports, repre- 
senting about 80 million employee records, are separated 
partly by hand  and partly by machine into scannable and 
nonscannable groups. (Each employee record is one line of 
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type containing the person’s name, social security number, 
and FICA-taxable wages.) The scannable  group includes 
reports  printed by electric and manual typewriters, high- 
speed printers, and business machines. These enter  the 
Page Reader, are scanned, and  the information is subse- 
quently transferred to magnetic tape. The nonscannable re- 
ports are keypunched and read into a data processing sys- 
tem and  onto magnetic tape. Both of these tapes are then 
used for updating employee accounts. 

It is important  to understand that the 1975 (Fig. 2)  is not 
intended to read all, or even most, of the  reports  submitted 
to the SSA. In practice, the  documents  forwarded to the 
machine by the SSA employees account  for  more than 1 /3  
of all U.S. employee records. A  good  number of records are 
excluded by the SSA ground rule that employer reports will 
not be machine processed unless they contain  three or  more 
separate pages. Furthermore, the machine itself is used to 
make some of the decisions on whether or  not a page is 
scannable. Thus, of all documents  entered into  the machine, 
perhaps as many as 35 % will  be ejected without being com- 
pletely read. 

Statistics from  the  fourth quarter of 1967 give a realistic 
picture of the machine’s intended performance. A total of 
33.12 million lines of printing on 1.3 million document 
pages  were submitted to the scanner. All the characters 
in 16.29 million of these lines were positively recognized 
(“good lines”), and 3.63 million lines contained  one or 
more unrecognizable characters. This left 12.20 million 
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Figure 1 Form used by employers for submitting  earnings  reports 
to  the  Social  Security  Administration. 

lines not scanned. The ratio of good lines to  total scanned 
lines, 81.8 percent, is of course, much lower than  the recog- 
nition rate  that could be calculated on a per character basis. 

The machine rejected 0.44 million pages as being un- 
scannable. This decision was made if at any time during the 
scanning of a page, the machine identified four more lines 
having an unrecognizable character than good lines. Pages 
not intended for scanning tend to get ejected very quickly 
by this  method since it is likely that  the first four lines will 
contain unrecognizable characters. 

The  total of good lines plus lines rejected because one or 
more  characters were unrecognizable divided by the time 
on  the machine meter gave a net throughput of 498 lines/ 
minute. 

System planning 
Before design work began on  the 1975 system employer 
reports received  by the SSA were studied to determine the 
variety of type fonts and the  variation of print  quality that 
the machine could be expected to handle. The reports were 
divided into groups according to  the means used to  do  the 
printing. This distribution was useful in predicting, for 
example, the portion of documents that would be expected 
to have the relatively standard business machine type  fonts. 

Separator Scanning window 

Aligners I 

Stackers 

Figure 2 The IBM 1975  Optical  Page  Reader  with  covers  re- 
moved. 

Since the earliest statistics were extrapolated from a 
fairly small sample, later studies provided a more valid 
analysis of input document characteristics. From a study of 
all  reports  submitted during the third quarter of 1965 the 
following distribution was obtained. Of a total of 60.8 
million lines of printing, typewritten documents  containing 
both upper and lower case characters  accounted for 24.9 
million lines; typewritten documents completely in  upper 
case added 5.3 million lines; high-speed printers such as the 
IBM 1403 produced 20.2 million lines;  posting and billing 
machines produced another 3.6 million; and various other 
means, including handwriting, were used for 6.8 million. 
This  distribution has remained fairly constant since then 
with a slight trend  toward an increase in  the use  of high- 
speed printers. 

In the early document studies 256 different typewriter 
fonts and 6 different business machine fonts were selected 
for a detailed analysis of character shapes. Included in this 
analysis were upper and lower case characters, numeric 
characters, and special symbols. Since it was the  character 
shapes that were of interest here, all the  characters were 
normalized in size and print quality. The complete variety 
of shapes that were identified cannot be shown here, but 
Fig. 3 presents as an example some of the different shapes 
identified for several characters. 

As a result of this study, some fonts were excluded from 
the set of characters that the machine would be designed to 
recognize. The excluded fonts were those whose shapes de- 
viated too much from  the general run of observed shapes; 
these fonts represented less than one percent of the total 
input. Examples of excluded fonts are typewriter script 
and typewriter italic. It is not necessary to manually sort 
these fonts  from  the input, however; machine algorithms 347 
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Figure 3 Examples of character  shape  variation. 

automatically eject documents containing unrecognizable 
fonts. The methods used to design the recognition logic for 
the more than 200 fonts included in the design set are 
described in a companion  paper by Andrews, et al.’ 
1 While the problem of shape  variation was large, the 
problem caused by poor print quality was far greater. For 
example, on the  documents  studied, the  ratio between the 
thickest and thinnest line widths was as much as 10 to 1, 
and  the print  contrast varied from barely visible to carbon 
black. Both of these problems occurred  together with un- 
desirable printing characteristics such as broken  characters, 
strikeovers, individual characters printed above or below 
the line, and skewed lines of type. Also, in typewriter 
printing, more than one  font per document was encoun- 
tered several times, and  at least one occurrence of  five fonts 
on the same document was observed. 

This  variation  in  print quality required the design of 
special circuitry for enhancing the output signal from  the 
optical  scanner. A companion  paper by Bartz’ describes 
the adaptive video thresholder that performs  this  function 
in  the 1975. 

In planning the system it was necessary to consider the 
usual tradeoffs between throughput, scanning resolution, 
and scanning area. Throughput was seen as the crucial 
consideration. The time it takes  for a document to be 
processed is neccssarily made up of a time  for mechanical 
movement of the document and/or the scanning apparatus 
and a time for electronic scanning. In the SSA application 
a significant part of the time would have to be spent  in 
finding the  information to be read;  to keep this time as 
short as possible, it would be necessary to minimize the 
amount of mechanical motion involved in the line-finding 
operation. 

IBM had  had experience in its 1418 and 1428 optical 
character recognition machines with a rotating disk-type 
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optics on a rotating  drum.3 Designers of these machines 
were not faced with the line-finding problem, however, 
because the  information was printed  in  a prescribed loca- 
tion on the  document.  Farrington Electronics had also used 
a disk scanner in their page reading machine. They used a 
line-by-line scan in which the scanner moved mechanically 
to  look  at a stationary d ~ c u m e n t . ~  Since they were reading 
a single, stylized font, they were  willing to tolerate a fairly 
large time for mechanical motion. 

Another scanning technique is exemplified by the ma- 
chines developed by the  Rabinow Engineering Co. (now 
the  Rabinow Engineering Division of the Control  Data 
Corp.). They had been working with matrices of photo-cells, 
where characters were scanned on-the-fly as the document 
moved past the cells. In cases such as the Ryder Trucking 
Reading Machine, where it was necessary to read only one 
or two lines of type that were  precisely located, this scheme 
could provide fast ~pe ra t ion .~  

Neither the photo-cell matrix nor  the rotating disk type 
of scanner was thought to be capable of fast enough opera- 
tion in reading the SSA’s documents. A cathode ray tube 
flying spot scanner appeared to be a likely candidate since 
neither the scanner nor  the document would have to under- 
go mechanical motion  during  the line-finding process. The 
Philco Corporation  had used a flying spot scanner in a 
machine developed for  the U.S. Post Office to read ad- 
dresses on envelopes being sent through the mail, a  problem 
similar in many ways to ours. They used a coarse scan for 
finding the address on  the envelope and then shifted to a 
fine raster scan for operation  in the recognition mode.6 

In  the design selected for  the 1975 a CRT flying spot 
scanner is used in  combination with a document  handling 
scheme in which documents are picked from a hopper, 
separated by friction belts into a serial stream, passed 
through an aligning station, and registered at  the 3  in. by 
8 in. scanning window. Since the window is smaller than  the 
total area to be scanned, the  document  position is incre- 
mented as required to permit all  the data  to be read. 

System organization and function 
A simplified diagram of the  data flow is shown  in Fig. 4. 
The  CRT scanner, with a raster-type motion of its flying 
spot, is used to transform  the  optical image viewed on  the 
input document into  an analog signal. This signal is then 
transformed into a series of binary bits representing the 
black and white areas of the  document. The bits are passed 
through a shift register of 663 positions to  form digital 
representations of the scanned characters.  (The  shift regis- 
ter can be thought of as a 39-row by 17-column matrix, 
where the  bottom cell of each column is connected to  the 
top cell of the next column.) Measurements on  the contents 
of the shift register by means of logic circuits detect the 
presence of “features” in the shapes of characters. The re- 
sults of these measurements are transformed into 96-bit 
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Figure 4 Data flow in  Page  Reader. 

words called feature vectors. Finally, the  feature vectors 
are compared with a reference set stored in a “library” to 
make  the character recognition decisions. Thus, a 663-bit 
pattern is transformed to a 96-bit word by the measure- 
ments, and then to a 6-bit statement of the decision. 

The system organization and function described above 
are conceptually the same as those of an experimental 
optical page reader designed at  the T. J. Watson Research 
Center.7 There  are, however, significant differences between 
the experimental machine and  the 1975 in the details of 
system design and in the scanner and recognition unit per- 
formance. One significant difference is the feature extrac- 
tion logic, which was generated by automatic methods* in 
the former and by intuitive methods  in the latter. The 
reasons for this change in design approach are based on  the 
inability of the automatically designed logic to handle the 
seriously degraded printing on  the documents  encountered 
in this application. 

Beam control 
The scanning beam has a 5-mil diameter at  the half- 
amplitude points of its gaussian energy distribution and 
moves at a speed of  5000 in./sec. It scans in a raster pattern 
at a frequency of 25,600 scans/sec. The nominal scan height 
is  160 mils and the  nominal distance between scans is either 
5 mils or 20  mils depending on  the mode of operation. 

Figure  5 shows the motion of the beam as  it travels over 
the document. The raster begins at point A, moving across 
the page until it hits a vertical format line which causes the 
beam to move down  through an area from which it extracts 
a binary code that identifies the type of document being 

read. (This code is necessary because of some differences in 
information contained on  the “blank” forms.) The raster 
then moves horizontally back and  forth across format line 
B, scanning at a lower position on the page on each SUC- 

cessive  sweep. When the first line of printing is encountered, 
the beam centers itself on  the line by a two-step centering 
process (fast, then slow) all the while continuing to scan 
until it reaches format line C. Then  it moves back  towards 
the left side of the document  along  the same line of printing 
until it reaches format line D. 

On the first scan of each line (from left to right)  the video 
signal is analyzed by circuits in the system to determine 
average character height, width, stroke width, pitch, and 
contrast.  This  information is used to adjust the scan height 
in 5-mil increments about its 160-mil nominal value so that 
all upper-case characters will have a digital pattern approxi- 
mately 22 bits high in the shift register. Simultaneously, 
scan pitch is adjusted to maintain a constant aspect ratio. 
This normalization process allows patterns of the same 
shape,  but varying from 75 to 115  mils in height, to appear 
identical in  the shift register. 

Recognition of characters is accomplished during  the 
right to left scan of each line. At the rate of 25,600 scans/ 
sec and  an average of 20 scans/char., recognition occurs at 
1280 char./sec. The nominal  5 mils between scans is always 
used on the recognition scan and  on the left to right scan 
of the first line of printing found on  the document. On  the 
left to right scans of all succeeding lines, however, the  raster 
spacing is increased to 20  mils. This enables greater proc- 
essing speed and still provides sufficient image contrast 
information. 

Certain conditions detected during the recognition scan 
can cause the beam to back up and rescan a character. For 
example, format control circuits can sense that a character 
is printed higher than  the  normal line of print and can  di- 
rect the beam to rescan it  at a higher position. Rescan of a 

Figure 5 Cathode ray  tube  beam  travel. 
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Figure 6 Video  signal  processing  system. 

character will also occur if its  stroke width is  sufficiently 
different from the average. Digitization circuits will adapt 
to this situation so that on  the rescan the bit pattern of the 
character will be wider or thinner  as  the case demands. 

Video system 
Two photomultiplier tubes are used in the 1975 to generate 
the video signal (Fig. 6). One tube is directed at  the docu- 
ment surface to provide a signal representing the variation 
in reflected light from the scanning beam. The  other  tube 
is directed at the  cathode  ray  tube surface to generate a sig- 
nal representing phosphor noise. Both of these signals 
undergo considerable fluctuation even during the scanning 
of white paper containing no printing. Low frequency vari- 
ations (0 to 200 Hz)  are reduced with an automatic gain 
control system in each channel. The  phosphor noise signal 
is subtracted  from the document video signal to produce a 
“corrected video” signal, which serves as  input to the video 
signal processing circuits. Although  a corrected video signal 
determined by the ratio of the document video signal to  the 
phosphor noise signal would be accurate over a wider 
range, practical difficulties in designing an adequate ratio 
measuring circuit led to  the choice of a  subtraction circuit. 

The main  purpose of all the signal processing on the 
output of the video amplifier is to establish a voltage level 
that can serve as  the  threshold dividing black from white. 
The variation  in  print  quality from document to document, 
and even within a single document  demands  the use of some 
sort of adaptive  threshold selection. In the 1975 three types 
of signal processing techniques are used to generate an  ap- 
propriate  threshold level: contrast analysis, stroke width 
analysis, and spatial noise filtering. Contrast analysis is the 
primary means of setting the  threshold and  the other  two 
techniques act to refine the threshold level setting. Bartz2 
describes these methods and their implementations in  detail. 

The contrast analysis technique involves sampling and 
measuring the analog video signal, which is a  representation 
of the variation of contrast observed by the scanner. The 
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values of the sampled signal over a predetermined area. 
(The  threshold is always greater than a specified minimum 
value.) The sampled values are then digitized as  “black” 
bits if they are greater than  the threshold and  as “white” 
bits if less. The binary data  are synchronized with shift 
register and  CRT beam movement so that each bit repre- 
sents a  nominal 5-mil square  area on  the document. The 
digitized signal is then passed through  some circuitry where 
information for use in  conjunction with registration, seg- 
mentation, and  format control is extracted. Next, the  spatial 
relations between the bits are examined and those con- 
sidered to be “noise” in the pattern are modified. For exam- 
ple, a lone black bit  in  a field of white bits is changed to 
white; similarly white “holes” in  the midst of a black area 
are filled in. 

The digitized character  then  enters the shift register 
where a bit pattern  in the form of the character  scanned 
appears after an appropriate  number of shifts have been 
made. While the character bit pattern is entering the shift 
register, stroke width measurements are made. On  the basis 
of these measurements, the threshold is adjusted so that 
during  the recognition scan as many characters  as possible 
will be kept within desirable stroke width limits. 

Recognition  system 
An important preliminary to the recognition process is the 
segmentation of characters. Since the bit patterns of adja- 
cent characters may be linked, it is necessary to determine 
the beginning and  end of each character.  This is done by an 
algorithm that controls the examination of the  analog 
video signal during the left to right scan and the  contents of 
the shift register during the right to left scan. The average 
distances between characters and from the  start of one 
character to start of the next are determined from the ana- 
log signal. The segmentation decision is made by comparing 
shift register contents with the analog information. If two 
consecutive columns of white bits are found,  the decision 
is made on  that basis. If no white columns are found within 
a distance determined by the measurements on  the analog 
signal, segmentation is forced. Other logical decisions are 
used to resolve intermediate  situations. 

Figure  7 is a  diagram of the recognition system. After 
segmentation has defined a single character bit pattern, 
the measurement logic for a predetermined character set 
(i.e., upper case, upper and lower case, numbers) is ac- 
tivated and  the existence or absence of specific conditions, 
or “features,” in the pattern is determined. Each of these 
feature  detectors is a  combinational switching circuit which 
evaluates a single-output Boolean function of about 30 
inputs. The inputs to  the circuits are connected to specific 
shift register positions. After each incremental advance of a 
pattern  through  the shift register, the outputs of 96 feature 
detection circuits are tested and if any of them is “on,” a 
latch is set in the corresponding position of a 96-bit meas- 
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urement buffer. When the left edge of the  pattern is de- 
tected, the contents of the measurement buffer are dumped 
into  another buffer  in the decision computer. The measure- 
ment buffer is then reset and scanning of the next character 
continues. Thereafter, the character is represented by its 
96-position binary “feature vector,” each position of which 
indicates that the corresponding measurement was either 
“on”  at some shift time or was always “off.” 

While the second character is being scanned, the 96-bit 
feature vector of the first character is being processed by 
the decision computer. The decision process involves com- 
paring the feature vector of the  input  character to a set of 
reference vectors, and determining which reference most 
closely matches the  input feature vector. The reference 
structure is ternary. For each bit of the measurement vector 
a  statement of the desired state of the bit (either 0 or 1) or a 
statement that the  bit is not  to be considered (“don’t care”) 
is stored.  Two bits of storage are used to define each posi- 
tion of the ternary reference. Each reference is stored in a 
card  capacitor  read only store. Within this store 192 
(2 X 96) bits are used to store the main  portion of the 
reference and 48 additional bits are used to  store the refer- 
ence’s control  information. Approximately 2000 references 
are stored and 150 to 200 of them are processed for each 
input character. 

A mismatch counter compares the  feature vector to  the 
reference. Each time a 0,l or 1,0 combination is found in  a 
measurement position the counter is increased by one. If 
the count exceeds 15, comparison of the  current reference 
is terminated and comparison of the next reference is begun. 
At the  end of a given reference comparison (provided the 

count is  less than 16) the  name of the reference is stored  in  a 
scratchpad memory at a  location (from 1 to 15) corres- 
ponding to  the mismatch count for  that reference. The final 
decision is made by examining the two  candidates having 
the lowest mismatch counts and determining if the differ- 
ence in  count between them is sufficiently large to permit 
recognition. 

This simple linear decision technique is only one of the 
many that can be used in processing the feature vectors. 
The system is in fact a  hybrid system that may function 
differently for each reference vector. More specifically, 
each reference vector has  control information associated 
with it  to instruct the arithmetic unit and the decision table 
on  the particular decision process to be used. For example, 
the  control  information  can specify a two-level decision 
process in which a few character classes are first chosen by 
means of a select group of reference vectors, and then  a 
larger number of reference vectors is  used to decide among 
these classes. The two-level decision process permits a sub- 
stantial increase over a single-level process in  the number of 
reference vectors that can be compared with feature vectors 
at a given scanning speed. 

This hybrid decision capability allows the use of a highly 
compromised decision technique when the decision is sim- 
ple and permits the use of powerful recognition techniques 
when the decision is difficult. In this manner a  good balance 
of hardware requirements against the need for high recog- 
nition rates is achieved. 

The decision criteria permit the result of a recognition 
attempt to be reported as a “firm decision,” a “good best 
guess,’’ a  “rough best guess,” or  “no decision.” This is use- 
ful in evaluating the results of experiments. However, only 
a “firm decision” is regarded as successful recognition in 
the system’s operation at  the SSA installation-characters 
that could be classified in any of the  other  three categories 
are considered unrecognizable. Whenever an unrecogniza- 
ble character is encountered during  operation,  a red mark 
is automatically placed in  the document margin along side 
the line containing that character. The address of the line is 
identified from a binary code preprinted near the left edge 
of the document (see Fig. 1) and is stored on tape along with 
the recognition results. When the machine is through  read- 
ing a stack of documents, pages containing red marks  in 
their margins are removed for  further  manual processing. 

Instrumentation used in system development 
Management of the 1975 development project was greatly 
facilitated by the use of a computer-based data collection 
and reporting system that was developed concurrently with 
the Page Reader.  Without  this system it would have been 
difficult indeed to conduct experiments for testing the ef- 
fectiveness of modifications to the recognition logic and 
signal processing circuitry. An example of the primary re- 
port produced by the  instrumentation system is shown in 351 
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Figure 8 Report  generated by instrumentation system. 

Fig. 8. As each  character was scanned by the  laboratory 
model of the 1975, its bit pattern was printed out along 
with a  great  deal of information that allows one to identify 
important parameters involved in the recognition process 
all the way from the final decision back to the exact loca- 
tion on  the document  from which the  character was read. 
This  report  has two main uses. The first is  to allow project 
managers to define experimental tasks to be carried out by 
the appropriate design groups, and  the second is to use 
selected information as direct input to design programs. 
The instrumentation system’s audit of detail permitted 
several experiments to be performed simultaneously. For 
instance, engineering groups  in scanning technology, recog- 
nition logic, and  format control could, on one  pass of 
documents, each determine the effects of their own design 
changes. 

The instrumentation system also provided on request 
a number of summary reports of an experiment, such as: 
line reject rates, character recognition rates, recognition 
decisions as a  function of scanner circuit settings, decisions 
as a  function of segmentation circuit settings, rejects per 
line vs substitutions per line, character  substitution table, 
character  “best guess” table, and several others.  A  portion 
of the character “best guess” table is shown in Fig. 9. The 
character scanned is on  the vertical axis and the “best 
guess” decision is on  the horizontal axis. The number of 
times the “best guess” turned out  to be correct is given by 
the entries that fall on the  diagonal of the table. Notice that 
in this experiment the machine consistently guessed that 
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Figure 9 Portion of “best guess”  table  generated by instrumenta- 
tion system. 

A  chart compiled by the instrumentation system showing 
character  substitution  rate, S ,  vs. character reject rate, R, 
(Fig. 10) led to  the definition of a useful “figure of merit,” 
J S  X R, for measuring the progress of system develop- 

ment. After a working model of the machine had been built, 
improvements in recognition performance were sought by 
altering the design in three different basic areas: the con- 
stants in  the decision equations (see Andrews et d l ) ,  the 
reference vectors, and  the measurements. It was found 
empirically that changing the values of the decision con- 
stants and making certain  minor  alterations to the  feature 
vectors had the effect  of varying system performance along 
a hyperbolic S vs R curve. This  meant that the figure of 
merit remained constant. When this relationship became 
known, the design emphasis could most profitably be placed 
on making the type of change that would reduce the figure 
of merit. This type of change usually involved the relatively 
difficult process of redesigning feature measurement logic. 
Once the target figure of merit was reached, adjustments to 
the decision equations and feature vectors could be made 
to optimize reject and substitution  rates along the new 
S vs. R curve. To facilitate this  kind of change the reference 
storage and decision areas of the development hardware 
were implemented withmagnetic  core memories which could 
be loaded  from  the  instrumentation system computer. 

Use of contextual  information for  error  correction 
Another interesting activity made practical through the 
use of the  instrumentation system was the creation of a 
name file for postprocessing of the recognition results to 
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Zharacterreject rate ( R )  - 
Figure 10 Progress  of  system  development  using  “figure  of  merit” 
as  criterion. 

detect and correct errors  and  to correct rejects. The use of 
table  look-up in a  library containing all legitimate forms 
of the  input data is not new, but  the use of “common error” 
information in conjunction with table  look-up does seem 
to be  new and interesting. The postprocessing library has 
three sections: 
I Names to be accepted as read, 
I1 Names to be changed and  then accepted, 
I11 Names to be changed and then rejected. 

Before constructing the name file a “legitimate name” list 
and a  “common-error” name list are tabulated. The former 
is constructed by extracting the  unique last names in the 
SSA’s master file of about 150 million names along with 
their frequency of occurrence. This yields about 1 million 
names. The latter list is formed by taking  character  error 
information compiled by the  instrumentation system and 
extracting the errors with the highest probabilities of occur- 
ence, e.g., “e” for “a.” These are then substituted one 
character at  a  time in the names of the legitimate name list 
to create a  common  error list. Knowing  the probability of 
error and the frequency of occurrence of the legitimate name 
permits the frequency of occurrence of the common error 
name to be calculated. 

These two lists are combined to form  the postprocessing 
name file. The section of the list to which a particular name 
is assigned depends on the  ratio of the frequency of legiti- 
mate names having that spelling to  the frequency of com- 
mon error names having the same spelling, NLINE.  If the 
ratio is at least 20:1, the name is placed in Section I, ac- 
cepted. A  ratio between 0.05 and 1 causes the name to be 
changed and rejected because the  number of errors cor- 
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rected is not high enough  in  relation to the  number of errors 
caused by the change. If the ratio is less than 0.05, however, 
the name is changed and accepted, that is, placed in Section 
11. For example, if “Janes” appears in the legitimate name file 
with a frequency of two (NL = 2) and  as  an  error  form of 
“Jones” in  the common error list with a frequency of 50 
(NE = 50), then N L / N E  = 0.04 and “Janes” belongs in 
Section 11. When “Janes” is read and found in Section 11, 
it is changed to “Jones” and accepted. This causes two 
errors  but  corrects 50. 

Since the name file compiler was designed to accept direct 
output from  the  instrumentation system, the process of 
creating the name file became completely automated. Ex- 
perimental use of this technique resulted in significant re- 
duction  in both reject and substitution rates; however, it is 
not yet a part of the postprocessing method actually used 
at the Social Security Administration installation. 
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