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1. Introduction

The following procedures have been developed by NIST in order to promote compliance with existing Scoring Package file for-
mats.[1][2] Through certification, the proper use of the Scoring Package is promoted and the successful scoring of recognition
system datais maximized. Thisistrue whether it isfor conferences such asthe First Census Optical Character Recognition Con-
ference[ 3] or for independent organizational use. The level of effort required to successfully score recognition system resultsis
inversely related to the level of compliance with the certification process outlined here. Not following the details outlined herein
will render system results unscoreable. Therefore, NIST strongly encourages Scoring Package certification.

The certification procedures presented in this document have been developed in conjunction with NIST Special Database 2
(SD2)[4] and NIST Special Database 6 (SD6)[5]. These two databases contain images of synthesized tax forms. The data entered
on the forms appears real, but the values have been generated at random by a computer. NIST offers certification to any organi-
zation that has purchased the Scoring Package and requests the service. Requestsfor certification should be directed to the author.
To receive further information related to the Scoring Package, SD2, and SD6, contact the Standard Reference Data Division at
NIST.

2. Certification Package

Each organization requesting Scoring Package certification from NIST will be sent a Certification Package. This packageis dis-
tributed on a data-grade 8mm cartridge tape in tar format at a density of 2.2 Gigabytes per tape. The top level directory on the
distribution tape contains the three directoriesillustrated in Figure 1. The directory image contains a collection of form images,
the directory ref contains reference files (one for each form in image), and the directory util contains scoring utilities and tables.

image ref util

<form images> <form reference files> <scoring utilities>
Figure 1: Top level directory of a Certification Package.

2.1 Certification Images

The set of form images in the directory image are based on forms distributed in SD2 and SD6. The organization of this directory
isillustrated in Figure 2. The set is divided into two subdirectories, block_0 and block 1. The directory block_0 contains 5 sub-
missions of synthesized tax forms, r 0000 through r 0004, completed with machine print, and the directory block _1 contains 5 sub-
missions of synthesized tax forms, r 0005 through r 0009, completed with hand print. Each submission contains up to 6 form face
typesfrom the 1988 IRS Package X: 1040 page 1, 1040 page2, Schedule A, Schedule B, 4562 page 1, and 4562 page 2. There are
atotal of 50 form images distributed across the 10 submission subdirectories. Each form image file name has asits base the name
of the submission followed by atwo-digit pageindex separated by an underscore, and the file name endswith the extension * .pct”.



For example, the first form image in submission r 0003 has the file name r 0003_00.pct, whereas the second form image in the
submission has the file name r0003_01.pct.

image
block 0 block_1
r 0000 r0001 r0002 r0003 r0004 r 0005 r0006 r0007 r0008 r 0009

r0000_00.pct  r0001_00.pct  r0002_00.pct  r0003_0O.pct  r0004_00.pct r0005_00.pct  r0006_00.pct  r0007_00.pct  r0008_0O0.pct  rO009_00.pct
r0000_Ol.pct r0001_Ol.pct r0002_Ol.pct rOO03_Ol.pct  rO004_O1.pct r0005_01.pct  r0006_Ol.pct r0007_Ol.pct r0OO08_Ol.pct  rOO09_O1.pct
r0000_02.pct  r0001_02.pct  r0002_O2.pct  r0003 O2.pct  r0O004_02.pct r0005_02.pct  r0006_02.pct  r0007_O2.pct  r0008_02.pct  rO009_02.pct
r0000_03.pct  r0001_03.pct r0002_03.pct  r0003 03.pct  r0O004_03.pct r0005_03.pct  r0006_03.pct  r0007_03.pct  r0008_03.pct  rO009_03.pct

r0001_04.pct  r0002_04.pct  r0003_04.pct r0005_04.pct  r0006_04.pct  r0007_O4.pct  r0008_04.pct

r0001_05.pct r0006_05.pct r0008_05.pct

Figure 2: Directory hierarchy for the Certification Package directory image.

2.1.1 Image File Format

Each form image in the Certification Package is a completed tax form synthesized at 300 dots per inch binary, 2-dimensionally
compressed using CCITT Group 4[6][7], and stored in the IHead format[4][5]. An IHead fileis araster image with a prefixed
ASCII header. The 2-dimensional areaof theformisdivided into discrete locations according to the resol ution of a specified grid.
Each cell of thisgrid isrepresented by asingle bit value 0 or 1 called apixel; O represents acell predominately white, 1 represents
acell predominately black. This 2-dimensional sampling grid isthen stored as a 1-dimensional vector of pixel valuesin raster
order, left to right, top to bottom. Successive scan lines (top to bottom), contain the values of asingle row of pixelsfrom the grid
concatenated together.

Certain attributes of an image are required to be known to correctly interpret the 1-dimensional pixel data as a 2-dimensional
image. Examples of such attributes are the pixel width and pixel height of the image. These attributes are stored in a machine
readable ASCII header prefixed to the raster bit stream. A program used to manipulate the raster data of an imageis able to first
read the header and determine the proper interpretation of the data which followsiit. Figure 3 illustrates this file format.

Record Length

ASCII Format |mage Header

Binary Raster Stream

000000010000010000011111110.. . .

» Representing the digital scan across the
page left to right, top to bottom.

* ‘0" - Represents awhite pixel.

+ ‘1" - Represents a black pixel.

* 8 Pixels are packed into asingle byte
of memory.

Figure 3: Anillustration of the IHead raster file format.



The IHead header format has been developed for use as an image interchange format. Numerous image formats exist; some are
widely supported on small personal computers, others supported on larger workstations; most are proprietary formats, few are
public domain. The IHead header is a public domain image format that can be universally implemented across heterogeneous
computer architectures and environments. Both documentation and source code for the IHead format are publicly available and
included with SD2 and SD6. IHead has been designed with an extensive set of attributesin order to adequately represent both
binary and gray level images, to represent images captured from different scanners and cameras, and to satisfy the image require-
ments of diversified applications including, but not limited to, image archiving/retrieval, character recognition, and fingerprint
classification.

IHead has been successfully ported and tested on several systemsincluding UNIX workstations and servers, DOS personal com-
puters, and VM S mainframes. The attribute fieldsin IHead can be loaded into main memory in two distinct ways. Since the
attributes are represented by the ASCII character set, the attribute fields may be parsed as null-terminated strings, an input/output
format commoninthe‘C’ programming language. IHead can also be read into main memory using record-oriented input/output.
Thefixed length of the header is prefixed to the front of the header as shown in Figure 3. The IHead structure definition as written
inthe ‘C’ programming language islisted in Figure 4.

/*************************************************************

File Name: IHead.h

Package: NIST Internal |mage Header

Michael D. Garris
2/08/90

Author:
Date:

*************************************************************/

/* Defines used by the ihead structure */

#define IHDR_SIZE 288 I*
#define SHORT_CHARS 8 I*
#define BUFSIZE 80 I*
#define DATELEN 26 I*

typedef struct ihead{
char id[BUFSIZE];
char created DATELEN];
char width[SHORT _CHARS];
char heightf SHORT_CHARS];
char depth[SHORT_CHARS];
char density[SHORT_CHARS];
char compressf SHORT _CHARS];
char complen[SHORT_CHARS];
char align[SHORT_CHARS];
char unitsizef SHORT _CHARS];
char sighit;
char byte order;
char pix_offset{f SHORT _CHARS];
char whitepix SHORT _CHARS];
char issigned;
char rm_cm;
char tb_bt;
char Ir_rl;
char parent BUFSIZE];
char par_x[SHORT_CHARS];
char par_y[SHORT _CHARS];
}HEAD;

len of hdr record (always even bytes) */
# of ASCII charsto represent a short */
default buffer size */

character length of data string */

/* identification/comment field */

[* date created */

/* pixel width of image */

/* pixel height of image */

/* bits per pixel */

[* pixels per inch */

/* compression code */

/* compressed data length */

/* scanline multiple: 8|16|32 */

/* bit size of image memory units*/
[* 0->sighit first | 1->sighit last */

/* 0->highlow | 1->lowhigh*/

/* pixel column offset */

/* intensity of white pixel */

/* 0->unsigned data | 1->signed data */
/* 0->row mgj | 1->column maj */
/* 0->top2bottom | 1->bottom2top */
/* O->left2right | 1->right2left */

[* parent imagefile*/

/* from x pixel in parent */

/* fromy pixel in parent */

Figure 4: IHead 'C' programming language definition.



Figure 5 lists the header values from an IHead file corresponding to the structure members listed in Figure 4. This header infor-
mation belongs to the isolated box image displayed in Figure 6. Referencing the structure members listed in Figure 4, the first
attribute field of IHead isthe identification field, id. Thisfield uniquely identifies the imagefile, typically by afile name. The
identification field in this example not only contains the image’s file name, but a so the reference string the writer was instructed
to print in the box. The reference string is delimited by double quotes.

IMAGE FILE HEADER

| dentity

Header Size
Date Created
Width

Height

Bits per Pixel
Resolution
Compression
Compress Length
Scan Alignment
Image Data Unit
Byte Order
MSBIt

Column Offset
White Pixel
Data Units

Scan Order

Parent
X Origin
Y Origin

: box_03.pct “0123456789"
: 288 (bytes)
: Thu Jan 4 17:34:21 1990
: 656 (pixels)
: 135 (pixels)
01
: 300 (ppi)
: 2 (code)
: 874 (bytes)
: 16 (bits)
: 16 (bits)
: High-Low
: First
: 0 (pixels)
:0
: Unsigned
: Row Mgjor,

Top to Bottom,

Left to Right
: hsf_0/f0000_14/f0000_14.pct
: 192 (pixels)
: 732 (pixels)

Figure 5: The IHead values for the isolated subimage displayed in Figure 6.

0123456799

Figure 6: An IHead image of an isolated box.

The attribute field, created, is the date on which the image was captured or digitized. The next three fields hold the image’s pixel
width, height, and depth. A binary image has a pixel depth of 1 whereas a gray scale image containing 256 possible shades of
gray has apixel depth of 8. The attribute field, density, contains the scan resolution of the image; in this case, 300 dots per inch.

The next two fields deal with compression.



In the IHead format, images may be compressed with virtually any algorithm. The header is always uncompressed, even if the
image datais compressed. This enables header interpretation and manipulation without the overhead of decompression. The com-
pressfieldisaninteger flag that signifieswhich compression technique, if any, has been applied to the raster image datafollowing
the header. If the compression code is zero, then the image data is hot compressed, and the data dimensions: width, height, and
depth, are sufficient to load the image into main memory. However, if the compression code is nonzero, then the complen field
must be used in addition to the image's pixel dimensions. For example, the image described in Figure 5 has a compression code
of 2. Thissignifiesthat CCITT Group 4 compression has been applied to the image data prior to file creation. In order to load the
compressed image data into main memory, the value in complen is used to load the compressed block of data. Once the com-
pressed image data has been |oaded into memory, CCITT Group 4 decompression can be used to produce an image which hasthe
pixel dimensions consistent with those stored in its header.

The attribute field, align, stores the alignment boundary to which scan lines of pixels are padded. Pixel values of binary images
are stored 8 pixels (or bits) to abyte. Most images, however, are not an even multiple of 8 pixelsin width. To minimize the over-
head of ending a previous scan line and beginning the next scan line within the same byte, anumber of pixelsare provided in order
to extend the previous scan line to an even byte boundary. Some digitizers extend this padding of pixels out to an even multiple
of 8 pixels, other digitizers extend this padding of pixels out to an even multiple of 16 pixels. Thisfield stores the image’s pixel
alignment value used in padding out the ends of raster scan lines.

The next three attribute fieldsidentify binary interchanging issues among heterogeneous computer architecturesand displays. The
unitsize field specifies how many contiguous pixel values are bundled into asingle unit by the digitizer. The sigbit field specifies
the order in which bits of significance are stored within each unit; most significant bit first or least significant bit first. The last of
these threefieldsisthe byte order field. If unitsizeisamultiple of bytes, then thisfield specifies the order in which bytes occur
within the unit. Given these three attributes, binary incompatibilities across computer hardware and binary format assumptions
within application software can be identified and effectively dealt with.

The pix_offset attribute defines a pixel displacement from the |eft edge of the raster image data to where a particular image’'s sig-
nificant image information begins. The whitepix attribute defines the value assigned to the color white. For example, the binary
image described in Figure 5 is black text on a white background and the value of the white pixelsis 0. Thisfield is particularly
useful to image display routines. Theissigned field is required to specify whether the units of an image are signed or unsigned.
This attribute determines whether an image with a pixel depth of 8 should have pixel values interpreted in the range of -128 to
+127, or 0to 255. The orientation of the raster scan may also vary among different digitizers. The attributefield, rm_cm, specifies
whether the digitizer captured theimage in row-major order or column-major order. Whether the scan lines of animage were accu-
mulated from top to bottom, or bottom to top, is specified by thefield, tb_bt, and whether left to right, or right to | eft, is specified
by thefield, rl_Ir.

Thefinal attributesin IHead provide a single historical link from the current image to its parent image; the one from which the
current imagewasderived or extracted. In Figure 5, the par ent field containsthe full path nameto theimage from which theimage
displayed in Figure 6 was extracted. The par_x and par _y fields contain the origin point (upper left corner pixel coordinate) from
where the extraction took place in the parent image. These fields provide a historical thread through successive generations of
images and subimages. The IHead image format contains the minimal amount of ancillary information required to successfully
manage binary and gray scale images.



2.2 Certification Reference Files

Ascan be seenin Figure 7, the directory ref containstheidentical directory structure found inimage shown in Figure 2, with the
exception that form image files are replaced with form reference files ending with the extension “.fmt”. The reference files are
required by the Scoring Package to process recognition system results generated from the form images in the directory image.

ref
block_0 block_1
r 0000 r0001 r0002 r0003 r0004 r 0005 r0006 r0007 r0008 r 0009

r0000_00.fmt  r0001_OO.fmt r0002_00.fmt rO003_00.fmt r0004_00.fmt r0005_00.fmt  r0006_00.fmt r0007_00.fmt r0008_00.fmt r0009_00.fmt
r0000_O1.fmt r0001_Ol.fmt r0002_Ol.fmt r0003_Ol.fmt r0004_Ol.fmt r0005_01.fmt r0006_O1.fmt r0007_Ol1.fmt r0008_O1.fmt r0O009_O1.fmt
r0000_02.fmt  r0001_O2.fmt r0002_O2.fmt r0003_02.fmt r0004_02.fmt r0005_02.fmt  r0006_02.fmt r0007_02.fmt r0008_02.fmt r0009_02.fmt
r0000_03.fmt  r0001_03.fmt r0002_03.fmt r0003_03.fmt r0004_03.fmt r0005_03.fmt  r0006_03.fmt r0007_03.fmt r0008_03.fmt r0009_03.fmt

r0001_04.fmt r0002_04.fmt r0003_04.fmt r0005_04.fmt  r0006_04.fmt r0007_O4.fmt r0008_04.fmt

r0001_05.fmt r0006_05.fmt r0008_05.fmt

Figure 7: Directory hierarchy for the Certification Package directory ref.

2.2.1 File Format Ter minology

To simplify file format descriptions, several terms must be defined. A Single-Value ASCII String Representation (SVASR) isa
buffer of variable length containing any number of printable ASCII characters in the hexadecimal range 21 to 7E. A SVASRis
void of any space characters, hexadecimal 20. A Multiple-Value ASCII String Representation (MVASR) is a buffer of variable
length containing any number of printable ASCII charactersin the hexadecimal range 20 to 7E including any number of space
characters. An ASCII Delimiter Character (ADC) isasingle space character, hexadecimal 20. The ADC isused to separate aline
of contiguous SVASR’s or to separate a SVASR followed by aMVASR. An ASCII Line Representation (ALR) isabuffer of vari-
able length containing any number and combination of SVASRs, MVASRs, and ADCs terminated by the ASCII LF character,
hexadecimal OA. This meansthat the ASCII CR character, hexadecimal 0D, cannot occur anywherein an ALR, or in place of, or
in combination with the ASCII LF character OA at the end of the ALR. Also note that all files described in this document do not
contain any end-of-file marker or end-of-file character.

2.2.2 Reference File Format

For every form image in the Certification Package an associated referencefileis provided in the directory ref. These reference
files contain the identification of the form face contained in the form image followed by the actual data entered in each field on
the form. The Scoring Package treats the form identification and entry field values recorded in the reference file as ground truth.
Theintegrity of any test is completely dependent on the accuracy of these files. Appendix A contains an image of a completed
first page of a 1988 1040 tax form and the reference file associated with the form image is listed in two adjacent text columnsin
Figure 22. Note that the information contained in the form was derived from a computer and does not contain real tax information.

A referencefileis comprised of avariable number of ALRswith the first ALR identifying the image's form face followed by one
ALR per entry field on the image. The form identification is the first ALR in the reference file and is represented as a SVASR.
Each ALR following theformidentification ALR correspondsto a specific entry field on theform. Theseentry field ALRs contain
arequired entry field identification string and a conditional entry field value. The identification string is represented as a SVASR
and the entry field value is represented as an MVASR. If an entry field ALR contains the conditional entry field value, then the
ALR is comprised of a SVASR and MVASR separated by an ADC. If an entry field ALR does not contain an entry field value,
then the ALR is comprised of a SVASR representing the identification string only. If an entry field contains data, then its value
contains exactly what was entered in thefield. If an entry field isblank, then itsvalueis omitted from the ALR including the omis-
sion of the ADC.

Figure 8 lists the first ten lines of areferencefile for the first page of a 1988 1040 form. Thefirst line identifies the form face
contained intheform image. The remaining lines correspond to thefirst 9 entry fields contained on thefirst page of the 1040 form.



Notice that thefirst three entry fields (1040 1 L H1 V1,1040 1 L H2 V1,1040 1 L _H3 V1) have no entry field value
entered in the reference file because their corresponding fields on the form were left empty. Figure 9 lists byte for byte the hexa-
decimal representation of the ten lineslisted in Figure 8. Notice the hexadecimal OA character terminating each line. Also notice
that thefirst three entry field ALRs contain only asingle SVA SR representing i dentification strings without associated values. This
represents three entry fields left blank on the form image. The remaining six entry field ALRs contain both identification strings
and values. These are entry fields that werefilled in on the form image. Notice that the identification strings are represented as
SVASRS, the values are represented as MVASRs, and that there isa single ADC, hexadecimal 20, separating the two.

1040 _1
1040 1 L_H1 V1

1040 1 L_H2 V1

1040 1 L_H3 V1

1040 1 L_H1 V2 Berry K. & LorasA. Boyle
1040_1 L_H2 V2 A1586 7384

1040_1 L_H1 V37861 Fairfield Street
1040_1 L_H2 V3 A73 285386

1040_1 L_H1 V4 Boyle, MT 30073
1040 1 L_H1 V51

Figure 8: Top of an example referencefile.

313034 305F 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 32 5F 56 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 33 5F 56 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 32 20 42 65 72 72 79 20 4B 2E 20 26 20 4C 6F 72 61 73 20 41 2E 20 42 6F 79 6C 65 0A
31 30 34 30 5F 31 5F 4C 5F 48 32 5F 56 32 20 41 31 35 20 38 36 20 37 33 38 34 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 33 20 37 38 36 31 20 46 61 69 72 66 69 65 6C 64 20 53 74 72 65 65 74 0A

31 30 34 30 5F 31 5F 4C 5F 48 32 5F 56 33 20 41 37 33 20 32 38 20 35 33 38 36 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 34 20 42 6F 79 6C 65 2C 20 4D 54 20 33 30 30 37 33 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 35 20 31 0A

Figure 9: Hexadecimal listing of the reference file portion listed in Figure 8.

Entry field 1040 1 L _H1 V5isanexampleof anIcon entry field.[4][5] Noticethat thisfield'svalueisa‘1’ which signifiesthat
thefield containsabox check mark. If the I con entry field was empty on theform, then avalue of ‘0" would be used in the reference
file. This convention reflects aformat change in the way Icon entry fields are represented in the reference file. In the past, such as
in SD2 and SDB6, the entry field value was | eft blank when no information was present, and in SD2 avalue of “_|CON_" was used
in place of the ‘1’ when information was present.

Theentry field identification stringslisted in the reference file must match exactly in name and in order to the identification strings
recorded in the Table A file associated with theimage'sform face. Table A filesare distributed with SD2 and SD6 and areincluded
in the Certification Package directory util/tables. The SVASR used for the form identification is embedded in the associated Table
A file name. Notice that the form identification in the reference file example is“1040_1". The Table A file corresponding to this
form face is util/tables/1040_1.tab. For historical reasons, the reference files used for form-based scoring have also been called
format files. All reference files have a consistent extension of “.fmt”.

2.3 Certification Utilities

The Certification Package directory util contains scoring utilities and Table A filesfor the form facesincluded inimage. The con-
tents of thisdirectory isshown in Figure 10. The Scoring Package isimplemented as two separate programs. The program mer ge
combines form reference files with recognition system output files, and the program scor e computes statistics and performance

measures on the data contained in the mer ge output files. The subdirectory tables contains Table A filesto be used by the Scoring



Package program mer ge when processi ng recognition system output files. The subdirectory bin contains UNIX Bourne Shell (sh)
scripts that can be used to mer ge and scor e the recognition system output files discussed in Section 3.1. Scoring instructions and
the use of these utilities are discussed in Section 3.2. Together, the directoriesimage, ref, and util comprise a Certification Pack-

age.

util
l I
bin tables

tmerge.sh 1040 1.tab
tscore.sh 1040 2.tab

gettable.sh sch_atab

sch_b.tab
4562 1.tab
4562 2.tab

Figure 10: Contents of the Certification Package directory util.

3. Certification Return

Upon receipt of a Certification Package, the organization must processall of the form imagesin the package, generate recognition
system output files, score the output files, and return to NIST both the recognition system output files and the Scoring Package
output files. Together, the recognition system output files and the Scoring Package output files comprise a Certification Return.
The organization requesting certification must submit a Certification Return to NIST on a data-grade 8mm cartridge tape in tar
format at a density of 2.2 Gigabytes per tape according to the directory structures and file formats presented in this section. For
example, the following commands load a Certification Package into the directory /usr/local/cer t/pckg assuming the device /dev/
rst1 corresponds to a 8mm tape drive on the organization’s computer system running UNIX.

# mkdir /usr/local/cert

# mkdir /usr/local/cert/pckg
# cd /usr/local/cert/pckg

# tar xvf /dev/rstl

Figure 11 illustratesthetop level directory of a Certification Return. The directory system isto contain the organization’'s system
output files and the Scoring Package’s mer ge output files, and the directory scor eisto contain the Scoring Package's scor e output
files. The following commands write a Certification Return to tape that was created by the organization in the directory /usr/local/
cert/rtn.

# cd /usr/local/cert/rtn
# tar cvf /dev/rstl ./system ./score

3.1 Recognition System Output Files

Recognition system output files are reported in the directory system for each form image in the Certification Package. These out-
put files include hypothesis files, rejection files, and confidence files. The reporting of hypothesis files and rejection filesis man-
datory and the reporting of confidence files is optional. Hypothesis files are expected to contain occurrences of substituted,
inserted, and deleted characters, rejection files are expected to contain both accepted and rejected characters, and confidence files
(if provided) are expected to contain floating point numbers varying between 0.0 and 1.0. An example of a Certification Return
directory system prior to scoring is shown in Figure 12. In this example, the organization reported all three types of files. The
directory hierarchy withinthedirectory system isidentical to the directory hierarchy in the Certification Package directory image.
The file name conventions for hypothesis, rejection, and confidence files use the same root name from the corresponding form
image distributed in the Certification Package. For example, recognition system output filesfor the form imager0007_00.pct are
the hypothesis filer0007_00.HY P, the rejection file r0007_00.REJ, and the confidence file r0007_00.CON.



wstem scolre

<system output files & merge output files> <score output files>

Figure 11: Top level directory of a Certification Return.

system
|

I I
block_0 block_1

r 0000 rooo1 r0002 r0003 r0004 r 0005 r 0006 r0007 r0008 r0009

r0000_00.HYP r0001_00.HYP r0002_00.HYP r0003 00.HYP r0004 00.HYP  r0005_00.HYP r0006_00.HYP r0007_00.HYP r0008_00.HYP r0009_00.HYP
r0000_0LHYP r0001_OLHYP r0002_OLHYP r0003 0LHYP r0004 O1LHYP  r0005_01.HYP r0006_O1HYP r0007_OLHYP r0008_O1.HYP r0009_OLHYP
r0000_02.HYP r0001_02.HYP r0002_02.HYP r0003 02.HYP r0004_02.HYP  r0005_02.HYP r0006_02.HYP r0007_02.HYP r0008_02.HYP r0009_02.HYP
r0000_03.HYP r0001_03.HYP r0002_03.HYP r0003 03.HYP r0004 03.HYP  r0005_03.HYP r0006_03.HYP r0007_03.HYP r0008_03.HYP r0009_03.HYP
r0001_04.HYP r0002_04.HYP r0003_04.HYP r0005_04.HYP r0006_04.HYP r0007_04.HYP r0008_04.HYP

r0000_00.REJ 10001 05.HYP r0004_00.REJ 10006_05.HYP 10008_05.HYP r0009_00.REJ
r0000_01.REJ r0002_00.REJ r0003_00.REJ r0004_01.REJ r0005_00.REJ r0007_00.REJ r0009_01.REJ

r0000_02.REJ r0001_OO.REJ r0002_01.REJ r0003_01.REJ r0004_02.REJ r0005_01.REJ r0006_00.REJ r0007_01.REJ r0008_00.REJ r0009_02.REJ
r0000_03.REJ r0001_01.REJ r0002_02.REJ r0003_02.REJ r0004_03.REJ r0005_02.REJ r0006_01.REJ r0007_02.REJ r0008_01.REJ r0009_03.REJ

r0001_02.REJ r0002 03.REJ r0003 03.REJ r0005 03.REJ r0006 02.REJ r0007 03.REJ r0008 02.REJ
x%—g&ggs r0001 03.REJ r0002_04.REJ r0003 04.REJ :gﬁfgfﬁggm r0005_04.REJ 10006 03.REJ 10007 04.REJ r0008 03.REJ :%gg—gﬁ:ggg
- r0001_04.REJ - r0006_04.REJ r0008_04.REJ -

10000 02CON o "oy 70002 00.CON 10003 00.CON 10004 02CON 10005 00.CON ™ o 10007 00CON oo 10009 02.CON
r0000_03.CON r0002_01.CON r0003 O1.CON r0004 03.CON  r0005_01.CON r0007_01.CON - r0009_03.CON
r0001_00.CON r0002_02.CON r0003 02.CON r0005_02.CON r0006_00.CON r0007_02.CON r0008_00.CON
r0001_01.CON r0002_03.CON r0003_03.CON r0005_03.CON r0006_01.CON r0007_03.CON r0008_01.CON
r0001_02.CON r0002_04.CON r0003 04.CON r0005_04.CON r0006_02.CON r0007_04.CON r0008_02.CON
r0001_03.CON r0006_03.CON r0008_03.CON
r0001_04.CON r0006_04.CON r0008_04.CON
r0001_05.CON r0006_05.CON r0008_05.CON

Figure 12: Directory hierarchy for the Certification Return directory system prior to scoring.

3.1.1 Hypothesis File Format

For every form image in the Certification Package, the organization requesting certification must return an associated hypothesis
file. Each hypothesis file contains the form face identified by the recognition system followed by the results of what the system
captured and recognized from each entry field on the form image. The Scoring Package aligns the results with the true entry field
values contained in the form image's associated reference file in order to compute error rates. Appendix A contains an example
of ahypothesis file corresponding to the completed form displayed in the appendix. The hypothesis file shown in Figure 23 is
listed in two adjacent text columns.

Hypothesisfiles areidentical in format to reference files. A hypothesisfileis comprised of avariable number of ALRs with the
first ALR containing the form face identified by the system followed by one ALR per entry field on the form. The form identifi-
cation isthefirst ALR in the hypothesisfile and is represented as a SVASR. Each ALR following the form identification ALR
corresponds to a specific entry field on the form. These entry field ALRs contain arequired entry field identification string and a
conditional entry field value. The identification string is represented as a SVASR and the value is represented as an MVASR. If
the system detected and captured data within an entry field, then the recognized value isincluded and the entry field ALR is com-
prised of a SVASR and MVVASR separated by one ADC. If the system detected a blank field, then the value is omitted including
the ADC, and the entry field ALR is comprised only of a SVASR representing the identification string.



It is common for alphanumeric entry fields to be made up of more than one word. Therefore, the recognition of spacing must be
addressed. When capturing and recognizing fixed-spaced machine generated text, spaces between words are clearly detectable.
When capturing and recognizing proportionally-spaced machine generated text, the detection of spaces becomes slightly obscure.
When capturing and recognizing hand-printed data, the detection of spaceswithout the use of dictionaries and grammars becomes
practically impossible. In light of this, the organization has the choice of reporting recognition results with or without the recog-
nition of spaces. If the organization chooses to report the recognition of spaces, then the value of an entry field detected to contain
multiple words will contain a space character wherever the system detected one. Remember that the value of an entry field ALR
in the hypothesisfileis a MVASR which includes the existence of space characters, hexadecimal 20. If the organization chooses
not to report the recognition of spaces, then the value of all entry field ALRs, evenif theentry field really iscomprised of multiple
words, will contain no space characters. The Scoring Package can handle either hypothesis format for entry field values.

Figure 13 liststhefirst ten lines of an example hypothesisfile where the organi zation chose not to report the recognition of spaces.
This example represents perfect recognition of the form corresponding to the referencefile in Figure 8. Figure 14 lists byte for
byte the hexadecimal representation of theten lineslisted in Figure 13. Notice that the multiple word values do not have any space
characters, hexadecimal 20. Also notethat the fields having recognized information retain the use of the ADC to separate the entry
field identification string from the entry field value in the hypothesisfile.

1040 1

1040 1 L _H1 V1

1040 1 L _H2 V1

1040 1 L _H3 V1

1040_1 |L_H1 V2 BerryK.&LorasA.Boyle
1040 1 L _H2 V2 A15867384

1040 1 L_H1 V3 7861FairfieldStreet
1040 1 L_H2 V3 A73285386
1040 1 L_H1 V4 BoyleMT30073
1040 1 L _H1 V51

Figure 13: Top of an example hypothesis file where the organization chose not to report the recognition of spaces.

313034 30 5F 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 32 5F 56 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 33 5F 56 31 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 32 20 42 65 72 72 79 4B 2E 26 4C 6F 72 61 73 41 2E 42 6F 79 6C 65 0A
31 30 34 30 5F 31 5F 4C 5F 48 32 5F 56 32 20 41 31 35 38 36 37 33 38 34 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 33 20 37 38 36 31 46 61 69 72 66 69 65 6C 64 53 74 72 65 65 74 0A

31 30 34 30 5F 31 5F 4C 5F 48 32 5F 56 33 20 41 37 33 32 38 35 33 38 36 OA

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 34 20 42 6F 79 6C 65 2C 4D 54 33 30 30 37 33 0A

31 30 34 30 5F 31 5F 4C 5F 48 31 5F 56 35 20 31 0A

Figure 14: Hexadecimal listing of the hypothesis file portion listed in Figure 13.

The entry field identification strings listed in the hypothesis file must match exactly in name and in order to the identification
strings recorded in the Table A file associated with the image's form face. Table A files are distributed with SD2 and SD6 and are
included in the Certification Package directory util/tables. All hypothesis file names should end with the extension “.HY P”".

3.1.2 Rejection File Format

Rejection files are a second type of file required to be returned by the organization requesting certification. A recognition system
may use very sophisticated methods for determining whether a recognition decision should be accepted or rejected. Therefore,
rather than return raw confidence values in an optional confidence file, the organization must specify explicitly which classifica-
tions should be rejected and which should be accepted in aregjection file. Appendix A contains an example of arejectionfile. Note
that the line breaks within single entry field specifications in Figure 24 are due to the wrap-around properties of thelisting and do
not indicate the presence of new-line charactersin thefile.
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Rejection files are comprised of avariable number of ALRswith thefirst ALR containing information as to whether the recogni-
tion system accepted or rejected the identification of the form face followed by one ALR per entry field on the form image. The
rejection line corresponding to the form identification isthe first ALR in the rejection file and consists of the form identification
(alsoincluded in the hypothesisfile) and abinary reject value. Both the form identification and the rejection value are represented
as SVASRs separated by an ADC. Each ALR following the form identification ALR corresponds to a specific entry field on the

form. These entry field ALRs contain arequired entry field identification string and a conditional list of reject values. The identi-
fication string and reject values are represented as SVA SRS separated by ADCs. If the system detected and captured data within

an entry field, then the reject values areincluded and the entry field AL R contains the identification string and one reject value for
each individual character captured and classified. If the system detected a blank field, then the reject values are omitted, and the
entry field ALR contains a SVASR representing the entry field identification string only.

Reject values must be a binary number equal to the characters*0’ or ‘1’. A ‘1’ indicates that the classification should be scored
as unknown rather than asacorrect or incorrect classification. A ‘0’ indicates that the classification should be scored correct if the
hypothesized character isidentical to thereference character and scored incorrect otherwise. Regardlessif an organi zation chooses
to report the recognition results of spaces or not, the number of bytes comprising an entry field's value MVASR in the hypothesis
file must equal the number of individual reject values reported in the rejection file for the entry field. Failure of the number of
bytes in the hypothesis file's MV SAR to equal the number of reject valuesin the rejection file will result in the entry field being
removed from the analysis conducted by the Scoring Package and a warning message will be displayed.

1040_1

1040 1 L_H1 V1

1040 1 L_H2 V1

1040 1 L_H3 V187
1040_1 L_H1_V2B.Boyle

Figure 15: Top of a hypothesis file where the organization chose to report the recognition of spaces.

313034 305f 310a

31 30 34 30 5f 31 5f 4¢ 5f 48 31 5f 56 31 Oa

31 30 34 30 5f 31 5f 4¢ 5f 48 32 5f 56 31 0a

31 30 34 30 5f 31 5f 4c 5f 48 33 5f 56 31 20 38 37 Oa

313034 30 5f 31 5f 4c¢ 5f 48 31 5f 56 32 20 42 2e 20 42 6f 79 6¢ 65 Oa

Figure 16: Hexadecimal listing of the hypothesis file portion listed in Figure 15.

1040_10

1040 1 L _H1 V1

1040 1 L _H2 V1

1040 1 L_H3 V100
1040 1 L_H1 V210000010

Figure 17: Top of arejection file corresponding to the hypothesis file shown in Figure 15.

313034 305f3120300a

3130 34 30 5f 31 5f 4c¢ 5f 48 31 5f 56 31 0a

31 30 34 30 5f 31 5f 4c 5f 48 32 5f 56 31 Oa

31 3034 30 5f 31 5f 4¢ 5f 48 33 5f 56 31 20 30 20 30 Oa

313034 30 5f 31 5f 4¢ 5f 48 31 5f 56 32 20 31 20 30 20 30 20 30 20 30 20 30 20 31 20 30 Oa

Figure 18: Hexadecimal listing of the rejection file portion listed in Figure 17.
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Figure 17 liststhefirst five lines of arejection file corresponding to the example hypothesisfile listed in Figure 15. Notice that in
thelast line of Figure 17 thereisareject value (‘O or ‘1’) for each and every byte of the MVASR listed in the last line of Figure
15 including areject value for the space character. If the organization had chosen not to report the recognition results of space
characters, then the reject value for the space character would be omitted.

Theentry field identification stringslisted in the rejection file must match exactly in name and in order to the identification strings
recorded inthe Table A file associated with theimage sform face. Table A filesare distributed with SD2 and SD6 and areincluded
in the Certification Package directory util/tables. All rgjection files should end with the extension “.REJ".

3.1.3 Confidence File Format

Character classifiers typically produce afloating point value on the range 0.0 to 1.0, representing how confident the classifier is
of itsrecognition decision. By setting thresholds on these values, an organization requesting certification can tune its system to
desired level s of performance trading off throughput for accuracy.[8] The Scoring Packageis capable of conducting basic analyses
with only the recognition system’s hypothesis file aligned with the form image’s reference file. However, through the optional use
of confidencefiles, the Scoring Package can do additional analysesif the organization requesting certification provides confidence
values for each character classified. Appendix A contains an example of a confidence file corresponding to the completed form
displayed in the appendix. Notethat the line breaks within single entry field specificationsin Figure 25 are due to the wrap-around
properties of the listing. Line breaks within an entry field specification do not indicate the presence of new-line charactersin the
file.

Confidence files are comprised of avariable number of ALRswith thefirst ALR containing the confidence of the recognition sys-
tem’sidentification of the form face followed by one ALR per entry field on the form image. The confidence of the form identi-

fication isthefirst ALR in the confidence file and consists of the form identification (also included in the hypothesisfile) and the
actual confidence value. Both the form identification and the confidence value are represented as SVASRs separated by an ADC.

Each ALR following the form identification AL R correspondsto a specific entry field on theform. These entry field ALRs contain
arequired entry field identification string and a conditional list of confidence values. The identification string and confidence val-
ues are represented as SVASRs separated by ADCs. If the system detected and captured data within an entry field, then the con-

fidence values areincluded and the entry field AL R contains the identification string and one confidence value for each individual

character captured and classified. If the system detected a blank field, then the confidence values are omitted, and the entry field

ALR contains a SVASR representing the entry field identification string.

A confidence value must be a number ranging from 0.0 through 1.0. The number of digits to the right of the decimal point must
belessthan 17. Whether or not an organization choosesto report its recognition results of spaces, the number of bytes comprising
an entry field's value MVASR in the hypothesis file must equal the number of individual confidence values reported in the confi-
dencefile for the entry field. Failure of the number of bytesin the hypothesis file's MV SAR to equal the number of confidence
valuesin the confidence file will result in the entry field being removed from the analysis conducted by the Scoring Package and
awarning message will be displayed.

Figure 15 lists thefirst five lines of an example hypothesis file where the organization chose to report its recognition results of
spaces. Figure 19 lists the corresponding lines from an example confidence file. Notice that the last line in Figure 15 contains a
space character in the MVASR “B. Boyle” whichislisted as hexadecimal in Figure 16 as “42 2e 20 42 6f 79 6¢ 65”. Also notice
that the eight bytesin the MVVASR are assigned exactly eight confidence valuesin the last line of Figure 19. Had the recognition
results of spaces not been reported, then the MVASR of thelast linein Figure 15 would be “B.Boyl€e” without the space character.
The hexadecimal listing for the MVASR would be “42 2e 42 6f 79 6¢ 65”, omitting the hexadecimal 20. In turn, the list of confi-
dence valuesin Figure 19 would be reduced from eight values to seven with the confidence value “0.258367” omitted.
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1040_1 0.989425
1040 1 L_H1 V1

1040 1 L_H2 V1

1040_1 L_H3 V10.786324 0.998934

1040_1 L_H1_ V2 0.675347 0.994671 0.258367 0.683123 0.876284 0.391576 0.4987481 0.719952

Figure 19: Top of an example confidence file corresponding to the hypothesisfile in Figure 15.

313034 305f3120302e3938393432350a

31 30 34 30 5f 31 5f 4¢ 5f 48 31 5f 56 31 O0a

31 30 34 30 5f 31 5f 4¢ 5f 48 32 5f 56 31 0a

3130 34 30 5f 31 5f 4c 5f 48 33 5f 56 31 20 30 2e 37 38 36 33 32 34 20 30 2e 39 39 38 39 33 34 Oa

31 30 34 30 5f 31 5f 4¢ 5f 48 31 5f 56 32 20 30 2e 36 37 35 33 34 37 20 30 2e 39 39 34 36 37 31\
2030 2e32 3538 3336 37 20 30 2e 36 38 33 31 32 33 20 30 2 38 37 36 32 38 34\
20302e33 3931 3537362030 2e34 3938373438 31 20 30 2e 37 31 39 39 35 32 Oa

Figure 20: Hexadecimal listing of the confidence file portion listed in Figure 19.
The entry field identification strings listed in the confidence file must match exactly in name and in order to the identification
strings recorded in the Table A file associated with theimage’'s form face. Table A files are distributed with SD2 and SD6 and are
included in the Certification Package directory util/tables. All confidence files should end with the extension “.CON”.

3.2 Scoring Package Output Files

system
I
I I
block_0 block_1
I I
I I I I I I I I I I
roo00  r0001  r0002  r0003 ~ r0004  r0005  r0006  r0007  r0O08  r0009

r0000_00.HYP r0001_00.HYP r0002_00.HYP r0003_00.HYP r0004 00.HYP r0005_00.HYP r0006_00.HYP r0007_00.HYP r0008_00.HYP r0009_00.HYP
r0000_01.HYP r0001_O1.HYP r0002_01.HYP r0003_01.HYP r0004_01.HYP r0005 O1.HYP r0006_01.HYP r0007_01.HYP r0008_01.HYP r0009 01.HYP
r0000_02.HYP r0001_02.HYP r0002_02.HYP r0003_02.HYP r0004_02.HYP r0005_02.HYP r0006_02.HYP r0007_02.HYP r0008_02.HYP r0009_02.HYP
r0000_03.HYP r0001_03.HYP r0002_03.HYP r0003_03.HYP r0004 03.HYP r0005_03.HYP r0006_03.HYP r0007_03.HYP r0008_03.HYP r0009_03.HYP
r0000_00.REJ r0001_04.HYP r0002_04.HYP r0003_04.HYP r0004 00.REJ r0005_04.HYP r0006_04.HYP r0007_04.HYP r0008_04.HYP r0009 00.REJ
r0000_01.REJ r0001_05.HYP r0002_00.REJ r0003_00.REJ r0004 01.REJ  r0005_00.REJ r0006_05.HYP r0007_00.REJ r0008 _05.HYP r0009_01.REJ
r0000_02.REJ r0001_00.REJ r0002_01.REJ r0003_01.REJ r0004 02.REJ  r0005_01.REJ r0006_00.REJ r0007_01.REJ r0008_00.REJ r0009_02.REJ
r0000_03.REJ r0001_01.REJ r0002_02.REJ r0003_02.REJ r0004 03.REJ r0005_02.REJ r0006 01.REJ r0007_02.REJ r0008_01.REJ r0009_03.REJ
r0000_00.CON r0001_02.REJ r0002_03.REJ r0003_03.REJ r0004 00.CON  r0005_03.REJ r0006_02.REJ r0007_03.REJ r0008_02.REJ r0009 00.CON
r0000_01.CON r0001_03.REJ r0002_04.REJ r0003_04.REJ r0004 01.CON  r0005_04.REJ r0006_03.REJ r0007_04.REJ r0008_03.REJ r0009 01.CON
r0000_02.CON r0001_04.REJ r0002_00.CON r0003_00.CON r0004_02.CON  r0005_00.CON r0006_04.REJ r0007_00.CON r0008_04.REJ r0009_02.CON
r0000_03.CON r0001_05.REJ r0002_01.CON r0003_01.CON r0004_03.CON r0005_01.CON r0006_05.REJ r0007_01.CON r0008_05.REJ r0009_03.CON
r0000_00.mrg r0001_00.CON r0002_02.CON r0003_02.CON r0004 00.mrg  r0005_02.CON r0006_00.CON r0007_02.CON r0008_00.CON r0009_00.mrg
r0000_01.mrg r0001_01.CON r0002_03.CON r0003_03.CON r0004 0l.mrg r0005_03.CON r0006_01.CON r0007_03.CON r0008_01.CON r0009_01.mrg
r0000_02.mrg r0001_02.CON r0002_04.CON r0003_04.CON r0004_02.mrg r0005_04.CON r0006_02.CON r0007_04.CON r0008_02.CON r0009_02.mrg
r0000_03.mrg r0001_03.CON r0002_00.mrg r0003_00.mrg r0004 03.mrg  r0005_00.mrg r0006_03.CON r0007_00.mrg r0008_03.CON r0009 03.mrg

r0001_04.CON r0002_01.mrg r0003_0l.mrg r0005_01.mrg r0006_04.CON r0007_0l.mrg r0008_04.CON

r0001_05.CON r0002_02.mrg r0003_02.mrg r0005_02.mrg r0006_05.CON  r0007_02.mrg r0008_05.CON

r0001_00.mrg r0002_03.mrg r0003_03.mrg r0005_03.mrg r0006_00.mrg r0007_03.mrg r0008_00.mrg

r0001_01.mrg r0002_04.mrg r0003_04.mrg r0005_04.mrg r0006_0l.mrg r0007_04.mrg r0008_0l.mrg

r0001_02.mrg r0006_02.mrg r0008_02.mrg

r0001_03.mrg r0006_03.mrg r0008_03.mrg

r0001_04.mrg r0006_04.mrg r0008_04.mrg

r0001_05.mrg r0006_05.mrg r0008_05.mrg

Figure 21: Directory hierarchy for the Certification Return directory system after running the program mer ge.
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Recognition system output files must be generated for each form image in the Certification Package and stored in the Certification
Return directory system as shown in Figure 12. The organization requesting certification must then score its system output files
using the Scoring Package. The files generated by the program mer ge are stored with the recognition system output files in the
directory system as shown in Figure 21. One mer ge output file ending with the extension “.mrg” must be created for each hypoth-
esisfile reported. A UNIX Bourne Shell (sh) script tmerge.sh is provided in the Certification Package directory util/bin.

# tmerge.sh [-c] refdir hypdir

This utility combinesthe form reference filesin refdir with the recognition system output filesin hypdir by invoking the program
mer ge, creating one“.mrg” output filein hypdir for each form reported. The“-c” flag isused if confidencefiles are included with
the recognition system’s output. Otherwise, theflag isomitted. For example, if the Certification Package was|oaded into the direc-
tory /usr/local/cer t/pckg and the Certification Return was being built in the directory /usr/local/cert/rtn with confidence files
reported, the tmerge.sh should be invoked as follows:

# cd /usr/local/cert/pckg/util/bin
# tmerge.sh -c /usr/local/cert/pckg/ref /usr/local/cert/rtn/system

If the shell script is not supported by the organization’s computing environment, mer ge can be run independently with the follow-
ing options:

-0 quit,formtypes,conf={n|c} ,nrej=1,table_a dir=../tables
For complete details on executing mer ge, refer to the NIST Scoring Package User’s Guide.[2]
If confidence files are provided, then “conf=c” is used. Otherwise, “conf=n" is used. Also note that the script tmer ge.sh must be
invoked from within the Certification Package directory util/bin in order for the script to locate the Table A filesincluded in the
Certification Package directory util/tables.

Themer geoutput files must then be processed by the program scor e. Another UNIX Bourne Shell (sh) script tscore.sh isprovided
in the Certification Package directory util/bin.

# tscore.sh mrgdir outdir
The script scores al the mer ge output filesfound in the directory mrgdir and generates two scoring output files, asummary report
system.sum and a fact sheet system.fct, storing them in the directory outdir. In the appendix, Figure 26 shows an example of a
Scoring Package summary report, and Figure 27 shows an example of a corresponding fact sheet. Assuming the same directories
used in the previous tmer ge.sh example, tscore.sh should be invoked as follows:

# cd /usr/local/cert/pckg/util/bin
# tscore.sh /usr/local/cert/rtn/system /usr/local /cert/rtn/score

If the shell script is not supported by the organization’s computing environment, scor e can be run independently with the follow-
ing options:

-0 quit,nowhite -s output=FCltd,of=system.sum,cf=system.fct
For complete detail s on executing scor e, refer to the NIST Scoring Package User’s Guide.[2]

4. Score Verification and Certification

Certification is available as a service to purchasers of the NIST Scoring Package. Upon request, the organization will be sent a
Certification Package. Requests for certification should be directed to the author, and to receive further information related to the
Scoring Package, contact the Standard Reference Data Division at NIST. Upon receiving a Certification Return from an organi-
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zation, NIST runs the Scoring Package on the recognition system output files in the Certification Return directory system and
generates another set of scoring output files. The organization must submit its Certification Return in full compliance with the
procedures and formats listed herein, and all recognition system output files must comply precisely with the file formats required
by the Scoring Package. In the event that complianceis not achieved, the organization is contacted with an explanation of existing
problems and is required to resubmit its Certification Return correcting all problems.

After successful scoring, the scores generated by NIST are compared against the scores submitted by the organization requesting
certification. If discrepancies exist, the organization is notified, and the organization must resol ve the problem and resubmit anew
Certification Return. If no discrepancies between the sets of scores exist, the NIST scores are presented to the organization along
with a Score Verification Form. The organization requesting certification must sign and return the form verifying that the scores
generated by NIST are accurate. NIST in turn signs the Score Verification Form signifying successful completion of the certifica-
tion process, retains one copy for NIST files, and returns the original to the organization as proof of certification.
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11040

Department of the Treasury—Internal Revenue Service ﬂ 9 8
U.S. Individual income Tax Return %

1955 [ omene. 15450074

le“ L (_Your first name and initiu;%joim return, slso give spouse’s name and initish) Last ame Yous saciat aumber
A B gocanzrd 1. & Eirskime W. Mitched Roos: S84 304
g:: .‘rkwsi;:bel' E J Present home address (number, street, and apt. no. o rural route). (H 8 P.Q. Box, see page 6 of Instructions.) Spousa’s socliai security number
g;:so print or " PFaas e SZreer” sFio2i (748
- E | Gy, town or post office, state, and ZIP code . -
H for Privacy Act and Paperwork
£ Kussel, 2V o /720 feduction Acl Notice, see Instructions.
Presidential Do you want $1 to go to this fund? X No |Note: Checking “Yes™ wik
tcha fax
Election Campaign ¥ if joint return, does your spouse want $1 to go to this fund?. X No nr:dzce%eumf'und.a
i 1 X | singe
Filing Status  » Maried filing joint return (even if only ane had income)
Check only 3 Married filing separate return. Enter spouse’s social security no. sbove and full name here.
one box. 4 Head of household (with qualifying person). (See page 7 of Instructions.) if the qualifying person is your child but not
: your dependent, enter child’s name here.
-] Qualifying widow(er) with dependent child (year spouse died B 19 ). (See page 7 of instructions.)

. ] ﬁ Yourseit 1 someone (such as your parent) can claim you as a dependent, do not check box 6a. No. of bowes
Exemptions B wure 1o check the boxon line 33bon page2. . - - - « + « « « + - { Cededobs  j
(See b [J Spouse . —
Instructions ¢ Dependents: @) Chect ot 5) Wo.of months

g (3) 1 age 5 or older, t L \9) 790. No. of your
on page 8.) (1) Name (it iital, and Last name) by b ol deptenl® ) ) mmmLJm @ o bome cmlqumn &
o e g, ALIAT o idwitiyos S
HirterBell et
—-— 0
g' more than 6 e 1 el Aipr meution —
pendents, see
Instructions on mhlesflism
page8. |— on bc —_—
d Hyour child didn't live with you but is claimed as your dependent under 2 pre-1985 agreement, check here . »O m.:'&m:,“ ”
¢ Total number of exemptions claimed . T T U S LI lines above P
7 Wages, salaries, tips, etc. (attach Form(s) W-2) . . 7
Income 83 Taxable interest income (also attach Schedule Bifover$400) - . . - . - - - = ° 8a
Please attach b Tax-sxempt interest income (see page 11). DON'Tinclude on line BaL&J |
CopyBolyowr = 9 Dividend income (alsoatach Schedle B if over $400) . P i
and W-2P here. ' 30 Taxable refunds of state and local income taxes, i any, from worksheet on page 11 of instructions . 10
i you do not have 11 Alimonyreceived . . . . . < . - o - - - e e e e 1 a _J
aw:2, ses 12 Business income or (loss) (attach Schedule C). 12
age 6ol 13 Capital gain or (loss) attach Scheduie D) .+ . . - .« - - 13
14 Capital gain distributions not reported on tine 13 (see page 11) . 14
15 Other gains of (losses) (aftach Form4797) g
16a Total [RA distributions . . L16al | 16b Taxable amount (see page 11)
17a Total pensions and annuities L17al | 37b Taxable amount (see page 12) | 170 —
‘__ 18 Rents, royaities, partnerships, estates, trusts, etc. (attach Schedule E)
19 Farmincome or (loss) (attach Schedule F) . .. 19 J
20 Unemployment compensation (insurance) (see page 13) . e e e e e e s 20
Pleas: heck 21a Social security benefits (see page 13) e 21a ! |
attach chec .
b Taxable amount, if any, from the worksheet on page .. 1. s st 21b
of money
order here. 22 Other income (list type and amount—see page 13) *MCL “',‘Cawa ________ 22 _ﬁze.___.
23 Addthe amounts Shown in the far right column for lines 7 through 22. This is you! totalincome . P | 23 ks
24 Reimbursed employee business expenses from Form 2106, line 13. |24
Adjustments  25a Your IRA deduction, from applicabie worksheet on page 14 or 15 8a| 2577
to Income b Spouse’s IRA deduction, from applicable warksheet on page 14 oc 15 25>
26  Self.employed health insurance deduction, from worksheet on page 15 . |26
27 Keogh retirement plan and self-employed SEP deduction. 27
(See 28 Penalty on early withdrawal of savings . 28
Instructions . . o
29 Alimony paid (recipient’s last name
on page 13.) f ; s
and social security no. : : ). L29
30 Add lines 24 through 29. These are your totatadjustments . . . . . - . . - c. » | 30 A5 74/
Miusted 31 gl;%trsa;ts lim; 30 fmgt’lir;g 23f.hThis is your Ead}::;eld grossénr:domo.(ll! thgs Gl)ine is Iessltgan
A and a child lived with you, see “Earl Income it (line on page 19 o
gross Income the instructions. If you want IRS ta figure your tax, see page 16 of the Instructions . . . 31 /303

19



1 V1duly

2 V1 Jduly

~H3 v188

1 V2 Brainerd A. & Erskine W. Mitchell
2 V2 A1l 88 1304

1 V399225 Lee Street
2 V3 A59 02 1948

1 V4 Russdl, NJ 61920
1V51

2 V50

1Vv61l

2 V60

OHIIIIIIIIIIII

NP
o o

 H10

R I IITITIT
N

c H3 V1A97 20 3760
_6Cc H4 V1 Aunt

_6c H5 V16

_6c H6 V18

_6c H1 V2 Tulane Banks

1040_1 6¢ H5 V4
1040_1 6¢c H1 V5
1040_1 6¢c H2 V50
1040_1 6¢c H3 V5
1040_1 6¢c H4 V5
1040_1 6¢ H5 V5
1040_1 6¢c H1 V6
1040_1 6¢c H2 V60
1040_1 6¢c H3 V6
1040_1 6¢c H4 V6
1040_1 6¢ H5 V6
1040 _1 6d 0
1040 _1 6e9
1040 _1 73878
1040 1 8a
1040 _1 8b
1040 1 9
1040_1 10
1040 1 11
1040 _1 120
1040 1 13
1040 1 14
1040 1 15
1040 1 16a
1040_1 16b
1040 1 17a
1040 1 17b
1040 1 18
1040 1 19
1040 _1 20
1040 1 21a
1040 _1 21b
1040 1 22 H1 Travel alowance
1040 _1 22 H20
1040 _1 233878
1040 1 24
1040 _1 25a2574
1040 _1 25b
1040 _1 26
1040 1 27
1040 _1 28
1040 1 29 V1
1040 1 29 H1 V2
1040_1 29 H2 V2
1040 _1 302574
1040 _1 311303

Figure 22: Listing of areference file corresponding to the form displayed on the previous page.




1 V1duly

2 V1 Jduly

~H3 v188

1 V2 BnairerndA.& ErskinW.Mitchell
2 V2 A11881384

1 V399225 eeStret
2 V3 A59021948

1 V4 Russdll,NJ61920
1V51

2 V50

1Vv61l

2 V60

OHIIIIIIIIIIII

NP
o o

 H10

R I IITITIT
N

c H3 V1 A97203760
_6Cc H4 V1 Aunt

_6c H5 V16

_6c H6 V18

. 6c H1 V2 TulaneBanks

1040_1 6¢ H5 V4
1040_1 6¢c H1 V5
1040_1 6¢c H2 V50
1040_1 6¢c H3 V5
1040_1 6¢c H4 V5
1040_1 6¢ H5 V5
1040_1 6¢c H1 V6
1040_1 6¢c H2 V60
1040_1 6¢c H3 V6
1040_1 6¢c H4 V6
1040_1 6¢ H5 V6
1040 _1 6d 0
1040 _1 6e9
1040 _1 73873
1040 1 8a
1040 _1 8b
1040 1 9
1040_1 10
1040 1 11
1040 1 12
1040 1 13
1040 1 14
1040 1 15
1040 1 16a
1040_1 16b
1040 1 17a
1040 1 17b
1040 1 18
1040 1 19
1040 _1 20
1040 1 21a
1040 _1 21b
1040 1 22 H1 Travelalbewance
1040 _1 22 H20
1040 _1 233878
1040 1 24

1040_1 25a25174
1040 _1 25b
1040 _1 26
1040 1 27
1040 _1 28
1040 1 29 V1
1040 1 29 H1 V2
1040_1 29 H2 V2
1040 _1 302574
1040_1 3103

Figure 23: Listing of a hypothesis file corresponding to the completed form.




1040 1
1040 1 L_H1 V10000

1040 1 L_H2 V10000

1040 1 L_H3 V100

1040 1 L_H1 V2000000000000000000000
0000000

1040 1 L_H2 V2000000000
1040 1 L_H1 V30000000000000
1040 1 L_H2 V3000000000
1040 1 L_H1 V4000000000000000
1040 1 L_H1 V50

1040 1 L_H2 V50

1040 1 L_H1 V60

1040 1 L_H2 V60

1040 1 10

1040 1 20

1040 1 3 H10

1040 1 3 H2

1040 1 4 H10

1040 1 4 H2

1040 1 5 H10

1040 1 5 H2

1040 1 6a0

1040 1 6b H10

1040 1 6b_H20

1040 1 6¢c H1 V100000000000
1040 1 6¢c_H2 V10
1040 1 6¢c H3 V1000000000
1040 1 6¢c H4 V10000

1040 1_6¢c_H5 V10

1040 1_6¢c_H6 V10
1040 1 6¢c H1 V200000000000
1040 1_6¢c_H2 V20
1040 _1 6¢c H3 V2000000000
1040 1 6¢c H4 V2001000
1040_1 6¢ H5 V200

1040 _1_6c_H6 V2

1040 1 6¢c H1 V30000000000
1040 1_6¢c_H2 V30

1040 1 6¢c H3 V300000
1040 1 6¢c H4 V3001000

1040_1 6¢_H5 V30

1040 1 6¢_H6 V3

1040 1 _6c_H1 V4

1040 1_6¢c_H2 V40

1040 _1_6c_H3 V4

1040 _1_6c_H4 V4

1040_1_6c_H5 V4
1040 1 _6c_H1 V5
1040 1_6¢c_H2 V50
1040 1 _6c_H3 V5
1040 1 _6c_H4 V5
1040 _1_6c_H5 V5
1040 1 _6c_H1 V6
1040 1_6¢c_H2 V60
1040 1 _6c_H3 V6
1040 _1_6c_H4 V6
1040 _1_6c_H5 V6
1040 1 6d 0
1040 1 6€0
1040 1 70000
1040 1 _8a
1040 1 _8b
1040 1 9

1040 1_10
1040 1 11
1040 1 _12
1040 1 13

1040 _1_14

1040 1_15

1040 1_16a

1040 1_16b

1040 1_17a

1040 1_17b
1040 1 _18
1040 1 19
1040 1 20
1040 1 _21a
1040 1 _21b

1040 1 22 H1000000000000000
1040 1 22 H20
1040 1 230000
1040 1 24
1040 1 25200000
1040 _1_25b
1040 1 26
1040 1 _27
1040 1 28
1040 1 29 V1
1040 1 29 H1 V2
1040 1 29 H2 V2
1040 1 300000
1040 1 3100

Figure 24: Listing of arejection file corresponding to the completed form.

20




1040_1
1040 1 L_H1 V10.850.860.90 0.81

1040 1 L_H2 V10.840.890.940.90

1040 1 L_H3 V10.990.83

1040 1 L_H1 V2 0.830.850.850.84 0.91 0.94 0.90 0.90 0.98
0.92 0.93 0.89 0.87 0.88 0.82 0.80 0.90 0.81 0.99 0.97 0.94 0.83
0.83 0.93 0.96 0.95 0.98 0.81

1040 1 L_H2 V2 0.92 0.92 0.90 0.94 0.87 0.87 0.82 0.81 0.89
1040 _1_L_H1 V30.99 0.80 0.95 0.80 0.84 0.95 0.83 0.88 0.91
0.97 0.92 0.95 0.83

1040 1 L_H2_V30.930.90 0.91 0.90 0.98 0.82 0.84 0.82 0.92
1040_1_L_H1 V40.99 0.98 0.99 0.97 0.87 0.97 0.93 0.94 0.99
0.98 0.89 0.90 0.99 0.90 0.94

1040 1 L_H1 V50.99

1040 1 L_H2 V5091

1040 1 L_H1 V60.88

1040 1 L_H2_V60.92

1040 1 10.82

1040_1 20.83

1040 1 3 H10.98

1040 1 3 H2

1040 1 4 H10.89

1040 1 4 H2

1040 1 5 H10.85

1040 1 5 H2

1040_1 6a0.80

1040 1 6b_H10.91

1040_1 6b_H20.99

1040_1 6¢_H1 V1 0.87 0.89 0.88 0.90 0.83 0.99 0.94 0.92 0.95
0.980.90

1040_1_6¢_H2 V10.80

1040 1 6¢_H3 V10.820.81 0.98 0.87 0.85 0.85 0.84 0.91 0.95
1040_1_6¢_H4 V1 0.94 0.89 0.82 0.99

1040_1_6¢_H5 V10.98

1040_1_6¢_H6 V1 0.89

1040_1_6¢_H1 V2 0.90 0.92 0.91 0.98 0.94 0.84 0.98 0.87 0.87
0.80 0.84

1040 1 6¢_H2 V20.84

1040_1_6¢_H3 V2 0.98 0.99 0.99 0.99 0.93 0.94 0.98 0.99 0.93
1040_1_6¢c_H4 V2 0.830.80 0.78 0.93 0.90 0.92

1040_1 6¢_H5_V20.90 0.91

1040_1_6¢_H6_V2

1040 1 6¢_H1 V30.890.83 0.90 0.94 0.94 0.93 0.99 0.91 0.98
0.80

1040 1 6¢c_H2 V30.88

1040_1_6¢_H3 V30.920.94 0.95 0.92 0.91
1040_1_6¢c_H4 V30.99 0.99 0.03 0.93 0.95 0.99

1040_1_6¢_H5 V30.92

1040_1_6¢_H6_V3

1040 1 6¢c_H1 V4

1040 1 6¢c_H2 V40.93
1040 1 6¢c_H3 V4
1040 1 6¢_H4 V4
1040 1 6¢_H5 V4

1040_1 6¢_H1 V5

1040_1 6¢c_H2 V50.93
1040_1 6¢_H3 V5
1040 1 6¢_H4 V5
1040_1_6¢_H5 V5

1040_1 6¢_H1 V6
1040_1_6¢c_H2 V60.99
1040_1 6¢_H3 V6

1040_1 6c_H4 V6
1040_1_6¢_H5 V6
1040_1_6d 0.99

1040_1 6e0.91
1040_1_70.89 0.89 0.82 0.88
1040_1 8a

1040 1 8b

1040 1 9

1040 1 10

1040 1 11

1040 1 12

1040 1 13

1040 1 _14

1040 1 15

1040_1_16a

1040_1_16b

1040_1 17a

1040 1 17b

1040 1 18

1040 1 19

1040 1 20

1040_1 21a

1040 1 21b

1040_1 22 H10.920.840.850.84 0.800.98 0.92 0.92 0.90 0.95
0.96 0.96 0.98 0.87 0.87
1040 1 22 H20.80
1040_1_230.90 0.81 0.84 0.85
1040_1 24

1040_1_25a0.99 0.93 0.98 0.98 0.82
1040 1 25b

1040 1 26

1040 1 27

1040 1 28

1040 1 29 V1

1040 1 29 H1 V2
1040 1 29 H2 V2
1040_1 30 0.92 0.84 0.84 0.89
1040 1 310.87 0.86

Figure 25: Listing of a confidence file corresponding to the completed form.
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Summary:
TOTALS ( output=FCItdA of=form.sum,cf=form.fct )

Draft standard measures:
Accumulators: TP=1648 FP=43 M=36 RT=45 RF=18 RM=164
Character recognition decision:
: accuracy: 88.8410% (1648/1855)
: accuracy (formright): 97.4571% (1648/1691)
Character output:
: accuracy: 98.4644% (1603 /1628)
Field accuracy:
accuracy (including icons): 81.2762% (777/956)

Character rejection rates:
: al: 3.3475% (63/1882)
all hypotheses: 3.7256% (63/1691)
matches. 2.7306% (45/1648)
substitutions: 44.1176% (15/34)
insertions: 33.3333% (3/9)
all (dueto formtype): 8.7141% (164/1882)

Fields (excluding icons):

: accuracy: 81.7010% (634/776)
accuracy (with form right): 90.1849% (634/703)
rejected (due to form type): 9.4072% (73/776)
deleted (due to form wrong): 0.0000% (0/776)

Fields (including icons):

: accuracy: 81.2762% (777/956)
accuracy (with form right): 89.8266% (777/865)
rejected (due to form type): 9.5188% (91/956)
deleted (due to form wrong): 0.0000% (0/956)

Characters:
: accuracy: 85.1753% (1603/1882)
accuracy (with formright): 94.7960% ( 1603/ 1691)
rejected (dueto form type): 8.7141% (164/1882)
deleted (due to form wrong): 0.0000% ( 0/1882)

Icons:
: accuracy: 79.4444% (143/180)
accuracy (with formright): 88.2716% (143/162)
rejected (due to form type): 10.0000% (18/180)
deleted (due to form wrong): 0.0000% (0/180)

Form type identification:
: accuracy: 90.9091% (10/11)
fallurerate: 9.0909% (1/11)
accuracy (excluding rejected): 100.0000% (10/10)
: failurerate (excluding rejected): 0.0000% (0/10)
: rejected: 9.0909% (1/11)

Figure 26: Example of a Scoring Package summary report.
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form type:

count: 11
rejected: 1
not rejected, right: 10
not rejected, wrong: 0

icon fields:
count: 180
form type rejected: 18
form type wrong and not rejected: 0
form type right and not rejected: 162
right: 143
wrong: 19
rejected: 15
not rejected: 147
matches; 157
rejected: 14
not rejected: 143
mismatches: 5
rejected: 1
not rejected: 4
not present / not found: 115
not present / found: 3
present / not found: 2
present / found: 42

character fields:
count: 776
form type rejected: 73
form type wrong and not rejected: O
form type right and not rejected: 703
right: 634
wrong: 69

characters:
in alignments: 1891
hypothesis; 1691
reference: 1882
form type rejected: 164
form type wrong and not rejected: 0
form type right and not rejected: 1691
rejected: 63
not rejected: 1628
correct: 1648
rejected: 45
not rejected: 1603
substitutions: 34
rejected: 15
not rejected: 19
insertions: 9
rejected: 3
not rejected: 6
deletions: 36

Accumulators: TP=1648 FP=43 M=36 RT=45 RF=18 RM=164

Figure 27: Example of a Scoring Package fact sheet.
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