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ABSTRACT: An electronic display typing system for use by 
professional accountants and statisticians. A cathode-ray dis 
play is alternately utilized to display the contents of a 
worksheet storage containing all of the entries and identifica 
tions normally placed by an accountant on his worksheet and 
to display a scratch pad storage which is utilized by the ac 
countant for routine, off-the-worksheet calculations. A mova 
ble marker symbol is displayed on the CRT display and is util 
ized to address the data contents of the worksheet storage. 
Placement of the marker symbol controls the storage locations 
which receive data entered from a keyboard and also is util 
ized to specify the data to be operated on during an arithmetic 
operation. Continuous movement of the marker symbol dur 
ing an arithmetic operation effects repetition of the arithmetic 
operation for each field of numbers addressed by the marker 
symbol. A sequence of arithmetic operations and marker sym 
bol motions can be "learned' and later utilized as a stored 
program to thus control a plurality of repetitive operations. 
The contents of the worksheet storage may thereafter be auto 
matically printed. 

DISPLAY 3 

-- 45 
- - ------ 

3. 'YSGRATCHPR 
60 DISPLAY CONTROL N 

annotate 

STORE 

RESULT 
ENTRY 

St 

E 
S4 

PROGRAM 
ADDRESS 
CONTRO 

STORE 2O 

is: 
CODEf DECODE 

PROGRAM 
REPEAT 

PROGRAM EARN 

PROGRA 
CONTRO 
KEYBOARD 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  



PATENTEDOCT 597 3,610,902 
SHEET 1 OF 6 

--- ----- - - - -- 

oKLA HoMA 9 TEXAS KANSAS TOTAL 
OPERATING re 

SALARES 872, 9 206,804 II, 228 8 90,223 
3 SUPPLIES 2, 2 4,699 3,221 O,04 A 47(b) 

REPAIRS S 'y it 20,63 74 40,476 
UTTES 470) 782 iO44 90,866 92,692 
TRUCK 22666 2-3 40,44 70,797 

-1 TRAVEL 43O 3,6 890 4,93 
TELEPHONE 92 2,97o 2,763 6,654 
NSURANCE 3,334 4OO 50 4,884 
OEPRECATION OOl 66 400 30 7 

TOTAL ,022,577 248,465 252,673 1,523,75 47(d) 

2. ^47(c) 23 

INVENTORS 
ROBERT A. RAHEN KAMP 
WILLIAM R. STEWART, JR. 

brew u? way 
AT TORNEY 

  





PATENTEDOCT 597 3, 6lo,902 
SHEET 3 OF 6 

DSPLAY 13 FIG. 3 
-45 

I/O UNIT 207 
1GRKSHEfng SCRATCHPAD 

DISPLAY CONTRON 60 DISPLAY CONTROL 6 

WORKSHEET 
STORAGE 

99 

ADDRESS 
pof NCONTRO 
STORE 20t 
REGISTER 

ENCODE/DECODE 

PROGRAM LEARN 

CURSOR ALPHABETIC ARTHMETIC PROGRAM 
CONTROL NUMERIC C9R 25 69 L4 
KEYBOARD KEYBOARD KEYBOARD KEYBOARD 

29 27 

TAB STOP ROW 
ROW 69 
ROW 2 

LOCATION 

CURSOR LOCATION 
CACULATE 

  

  

  

  

  

  

    

  

  



PATENTEDOCT 597 3.6l O,902 
SHEET OF 6 

H . H3 FIG. 5 

TAB F.G. 6 

RETURN 
  



PATENTEDOCT 597 3.6l O.9 O2 
SHEET S OF 6 

REPLACE NC" RESETo FG. 7 
CURSOR UP 

CONTROL 

2 22 

- 

H. FG. 8 
RETURN 

28 n/C-126 RETURN GATED CTR 94 
4. { H MAX 

his he 27 
\ORV 

REW 
TAB K 

3 8 
CURSOR 

HORIZONTAL 
POSION 
CTR 

9 

  



PATENTEDOCT 597 3.6l O.9 O2 
SHEET S OF 6 

2 FIG. 9 

46 
ELEWATE 

{{ W MAX 

V ATCH y COMPARE 
5 

CURSORVERTICAL 
POSITION CTR. 

HORIZONTAL 
DISPLAY SAR 
65 

COMPARE 

HORIZONTA 
SWEEP 

FLIP FLOP 

D 
66 

9 

23 

+++++++++ - UREI 
2 23 

  

  

    

  

    

  

    

    

  

    

  

  

  



3,610,902 

ELECTRONIC STATSTCAL CALCUATOR AND 
OSPLAYSYSTEM 

CROSS-REFERENCE TO RELATED APPLICATION 

The following application is assigned the same assignee as 
the present application. 

U.S. Pat. application Ser. No. 623,053, filed Mar. 14, 1967, 
entitled "Data System With Printing, Composing, Communi 
cations, and Magnetic Card Processing Facilities," Robert A. 
Kolpek, inventor now abandoned and continued as applica 
tion Ser. No. 886,798, filed Dec. 19, 1969. 

BREFBACKGROUND OF NVENTON 

1. Field 
This invention relates to information processing and display 

apparatus, and, more particularly, to an improved electronic 
display device having computer facilities associated therewith 
to rapidly effect entry and display of statistical data and to ef 
fect rapidarithmetic calculations thereon. 

2. Description of the Prior Art 
The preparation of accounting and bookkeeping entries on 

a ledger and the preparation of various forms of statistical in 
formation often involves entering columns and rows of numer 
ical information along with their proper heading identifica 
tions onto a worksheet. The rows and columns of entries are 
thereafter arithmetically operated upon with the result of the 
calculation often being placed in a further row or column. The 
steps of preparing the ledge information or the statistical in 
formation in a final printed copy format often entail: (1) an in 
itial determination by the professional auditor or statistician of 
the type of information that will be required and the entry of 
corresponding headings and item identifications onto a paper 
worksheet which is divided in column and row format; (2) 
pencil entry of numerical information onto the paper 
worksheet by the professional in column and row form; (3) 
performing the steps of addition, subtraction, multiplication, 
and for division of the entries with other entries or fixed factors 
and placing the resultant numbers in appropriate rows and 
columns on the worksheet; (4) adding or deleting various rows 
and/or columns of entries to the worksheet along with their 
heading identifications; (5) numerically adding the rows and 
columns of entries to obtain totals and cross-totals; (6) 
manipulating various entries to compensate for roundoff er 
rors and to insure a proper result; (7) retotalizing and, if 
necessary, inserting and/or deleting various rows and columns 
of information; (8) typing a final copy by a secretary utilizing 
the pencilled worksheet as a draft; (9) reading aloud the typed 
information to another who reads the original pencilled 
worksheet to insure that the typed information is accurate; 
(10) giving the typed worksheet to another professional ac 
countant, statistician, etc. for totaling the columns to insure 
accuracy. If there is a discrepancy in the entries which causes 
the total obtained by the second professional to differ from 
that on the draft, the worksheets are checked to determine 
where the erroris. Each time an entry is changed, it is necessa 
ry to retotalize the entire sheet to insure absolute accuracy. 
As can be seen from the above analysis, many steps are per 

formed in obtaining a final worksheet during which an error 
can be committed. An entry can be inadvertently transposed 
to the wrong row or column thereby necessitating its later 
removal, calculation can be incorrectly performed or typing 
errors can be committed. Additionally, it is often necessary to 
change entries and information if the totals do not agree with 
some predetermined standard or with a cross-total. Because of 
the many possibilities for mistake and change, it is necessary 
for the professional to expend a great amount of time in edit 
ing revising, and checking the information on the worksheet. 
Further, since it is often desirous to present a final worksheet 
in printed form, it is necessary to also spend a great amount of 
time in checking the accuracy of the printed worksheet once 
the draft worksheet is ascertained to be correct, 
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2 
routine jobs. That is, once a job is defined and recurs on a 
periodic basis, a data processor can be programmed to accept 
entries and place them in a correct position in its storage and 
thereafter arithmetically manipulate the entries and produce 
resultant information. The resultant information along with 
the entry information can then automatically be totalized and 
checked for accuracy by the data processor and caused to be 
printed out on a high-speed printer. The cost of programming 
such a data processor is often excessive and, further, it is 
necessary to reprogram the data processor for each different 
type of job to be performed. 

Since many auditing and statistical jobs do not recur 
periodically and, further, since it is necessary for the profes 
sional auditors or statisticians to exercise their professional 
judgment in determining what entries should be made with 
each unique job, such prior art data processing devices have 
only been utilized for high volume periodically recurring jobs. 
A more specific type of data processing approach has been 

to utilize a display device which is intricately associated with 
the data processor to effect entry and updating of numerical 
information. For example, in those routine jobs where only 
certain entries change on a periodic basis, the computer 
operator can cause those entries to be displayed on a CRT dis 
play. Thereafter, the computer operator causes a specific 
entry which is to be changed to be addressed visually by mov 
ing a marker symbol associated with the display adjacent to 
the desired entry. The operator then keys in the new entry and 
thus effects the erasure of the old entry. Thereafter, the new 
entry is utilized by the programmed data processor for com 
puting with the thus updated information. It is to be noted, 
however, that the operator has no control over the numerical 
operation to be performed on the data thus displayed and only 
utilizes the display device to update the data previously stored 
by the data processor. An example of such a computer system 
is an IBM Model 360 system utilizing an IBM 2260 data com 
munications and display device, now in public use. A further 
example of such a cathode-ray tube display device employing 
a marker symbol for visual addressing is exemplified in U.S. 
Pat. No. 3,248,705, entitled “Automatic Editor' and assigned 
to the assignee of the present invention. 

Summarizing, the prior art teaches two basic approaches 
utilized by professional auditors, statisticians, economists, 
financial analysts, etc. in preparing worksheets or control 
sheets containing a plurality of entries arranged in rows and 
columns which are totaled and cross-totaled: a pencil and 
paper approach which is both time consuming and error prone 
and an automatic data processing approach which lends itself 
to utilization only for periodically recurring routine jobs. 

SUMMARY 

In order to overcome the above noted shortcomings of the 
prior art and to provide the professional statistician, accoun 
tant, economist, etc. with a device which greatly reduces the 
chances of making error and the time consumed in preparing a 
worksheet, the present invention provides an information edit 
ing and display device wherein information can readily be en 
tered into the device by a keyboard and automatically 
manipulated within the device under the control of the profes 
sional in much the same manner that he manipulates data in 
an adding machine. Once the information is so entered and 
arithmetically manipulated, it may be totaled and cross 
totaled, changed, updated, deleted, and thereafter retotaled 
under the control of the professional operating on the data dis 
played by the display device in a manner analogous to opera 
tion with a pencil on a paper worksheet. Thereafter, the infor. 
mation can be automatically printed out in the exact manner 
that it appeared on the display device thus eliminating the pos 
sibility of error in generating a final copy. 
The electronic statistical typing system of the present inven 

tion consists of a cathode-ray tube (CRT) display unit, a 
secondary media read/record unit, a combination 

the professional auditor or economist with the preparation of 75 alphabetic/10-key numeric keyboard, a control keyboard, and 
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an electronic storage, logic, and arithmetic unit. By manipu 
lating a marker symbol displayed on the CRT display, the 
professional can specify the point on the display and hence the 
location in the electronic storage wherein heading information 
or numerical entries will be made. Thus, the professional is 
able to key in columnar headings and entries which are dis 
played so as to appear exactly as a worksheet appears. 
Thereafter, by manipulating arithmetic control keys and the 
marker symbol placement control keys, various entries can be 
arithmetically manipulated with a resultant number placed as 
an entry at a location designated by the placement of the 
marker symbol. 
Once all of the entries have been entered, totals and cross 

totals may rapidly be obtained by merely controlling the mo 
tion of the marker symbol and signifying the arithmetic opera 
tion to be performed. 
An additional unique feature of the present invention is the 

utilization of a second visual format which is alternately dis 
played on the display device under the control of the machine 
operator. The second visual format is utilized as a scratch pad 
in order to rapidly effect off-the-worksheet calculations. Nu 
merical entries contained on the worksheet display can be 
rapidly transferred to the scratch pad display and those 
located on the scratch pad display can be rapidly transferred 
to a predesignated location on the worksheet display by 
keyboard manipulation. 
A characteristic of statistical and accounting work is repeti 

tion. Operations performed on one set of factors are 
frequently repeated on other sets. For example, every column 
on a worksheet may require totaling, certain factors within a 
column may need to be transferred to another column or a 
percentage may need to be applied to every item in a column. 
A still further feature of the present invention incorporates a 
unique programming device which enables the system to 
"learn" sequences of operations performed under operator 
control and to thereafter automatically perform sequences on 
additional data. The operations thus "learned' and later re 
peated include both arithmetic and control functions as well 
as marker symbol motions, 
As described above, once the displayed worksheet informa 

tion has been entered, arithmetically manipulated, totaled and 
cross-totaled, and, if necessary, changed and retotaled, and 
thereafter visually checked by the professional to insure that it 
is exactly as he wants it, the information thus contained in the 
electronic storage unit is outputted to a secondary media 
reader/recorder or to a printer. The information on the secon 
dary media can thereafter be utilized to control a printer. 
Since the final output is automatic, no mistakes can be made 
in transposing the information from the displayed worksheet 
to the final printed copy. 
The foregoing and other features and advantages of the in 

vention will be apparent from the following more particular 
description of the preferred embodiment of the invention as il 
lustrated in the accompanying drawings. 

In the drawings: 
FIG. 1 is a perspective sketch of a typical operator's console 

which includes the display device, the function keyboard, and 
the data keyboard. 

FIG. 2 is a diagram of the keyboard of the display device of 
FG, 1. 
FIG. 3 is a schematic block diagram of the electronic 

statistical typing system of the present invention. 
FIG. 4 is a schematic block diagram of adjacent rows of the 

worksheet storage unit. 
FIG. 5 is a schematic representation of the worksheet 

storage unit. 
FIG. 6 is a block diagram of the horizontal cursor position 

ing control logic. 
FIG. 7 is a block diagram of the vertical cursor positioning 

control logic. 
FIG. 8 is a block diagram of the horizontal frame limit con 

trol logic. 
FIG. 9 is a block diagram of the vertical frame limit control 

logic. 
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4. 
FIG. 10 is a block diagram of the horizontal storage display 

frame control logic, 
FIG. 11 is a schematic diagram of a program sequence 

within the program storage unit. 
DESCRIPTION 

Referring now to the drawings, and more particularly to 
FIG. 1 thereof, a perspective sketch of a typical operator's 
console for use in a system in accordance with the present in 
vention is depicted. The console 11 consists of a display 
device 13 and a keyboard 15. As depicted, the display device 
is displaying information 17 arranged in a column and row for 
mat. Since this information is similar to that normally found 
on an accountant's or statistician's worksheet, it will 
hereinafter be called a worksheet display. The worksheet dis 
play is divided into three areas which are delineated by broken 
lines: the columnar identification area 19, the row identifica 
tion area 21, and the numerical entry area 23. The columnar 
identification area 19 contains alphabetic information which 
identifies each of the columns of numeric information 17 and 
the row identification area 21 contains alphabetic information 
which identifies each row of numeric information 17. The nu 
merical entry area contains only numerical symbols and punc 
tuation signals associated with the display of numerical sym 
bols arranged in column and row format. The display device 
13 is also utilized to display a second and different format of 
data hereinafter referred to as a scratch pad display. In this 
mode of operation, only the numerical contents of certain 
data registers are displayed in a singular column format. Thus, 
either a worksheet display or a scratch pad display can be dis 
played on the display device 13 under the control of selection 
keys located on the keyboard 15 which are operated by the 
machine operator. 
The keyboard 15 comprises three major groupings of keys: 

the arithmetic and control keyboard 25, the alphabetic and 
numeric keyboard 27, and the cursor control keyboard 29. 
The arithmetic and control keys are utilized to define the 
mode of operation of the device, specify the arithmetic opera 
tions to be performed on displayed data, control certain dis 
play functions, and effect the storage of, and control by, a 
stored program of selected routines. The alphabetic and nu 
meric keys are utilized to effect entry of alphabetic and nu 
meric information into the device for display and calculation 
purposes. The cursor control keys are utilized by the operator 
to designate a display location of entries displayed by the dis 
play device 13 which are to thereafter be manipulated or to be 
utilized during arithmetic operations. By operating the cursor 
control keys 29, the operator controls the position of an elec 
tronically generated marker symbol, cursor 31, on the display 
device 13. The location of the cursor, as will hereinafter be 
described, specifies the numerical entry to be operated upon. 

Referring briefly now to FIG. 2 of the drawings, a detailed 
diagram of the keyboard 15 of the console 11 of FIG. 1 is de 
picted. As described above, there are three major keyboards: 
the arithmetic and control keyboard 25, the alphabetic and 
numeric keyboard 27 and the cursor control keyboard 29. The 
arithmetic and control keyboard is further subdivided into the 
following keyboard groupings: a mode control keyboard 33, 
an arithmetic control keyboard 35, a display control keyboard 
37, a scratch pad storage control keyboard 39, and a program 
control keyboard 41. Additionally, three indicator lamps 43 
are associated with the program advance keybutton on the 
program control keyboard 4. 
As described above, there are two basic modes of visual dis 

play: worksheet display and scratch pad display. The operator 
selects the mode of visual display by depressing a toggle switch 
45 on the mode control keyboard 33 thereby selecting one dis 
play or the other. It should be noted at this time that it is also 
possible to incorporate a second small CRT display to display 
only the contents of the scratch pad storage. In such an event, 
both the worksheet and scratchpad storages would be in full 
view of the operator at all times. In the description which fol 
lows, reference will be made to various operator manipula 
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tions of the keybuttons of the arithmetic and control keyboard 
25 and the cursor control keyboard 29, it being understood 
that the reader is referred to FIG. 2 for a visual description of 
the keybutton being described. 

Referring once again to FIG. 1 of the drawings, a typical 5 
worksheet display is depicted as appearing on the display 
device 13. The worksheet display is a visual presentation of 
the contents of a portion of a worksheet electronic storage 
unit to be described hereinafter with respect to FIG. 3. The 
worksheet storage unit associated with the data processing ap- 10 
paratus to be described contains all of the entries and identifi 
cations generally placed by the accountant on his worksheet. 
Normally, an accountant's worksheet is up to 24 inches wide 
and contains approximately 50 lines of information. While the 
entire worksheet can be stored in the data processor, and 
while it would be desirable to display all of the numerical en 
tries thus stored at once, because of display cost limitations, it 
is necessary to display only a portion of the worksheet storage 
at any one time. Therefore, the operator must control a scan 
"window" which is "moved" over the face of the display in 
order to select desired work areas. The scan "window' con 
sists of approximately 16 lines, each line containing approxi 
mately 70 characters. 
The work area displayed within the scan "window' on the 

CRT display 13 is determined by the location of the cursor 31. 
In a given work area, the cursor is free to move to any loca 
tion. If an attempt is made to move the cursor beyond the 
limits of that area, the work area itself will shift thus present 
ing a new work area to the operator. The work area shifts a 
row or column at a time once the attempt is made to move the 
cursor beyond the limits of the area displayed. Four display 
marks 47(a)-47(d) delineate the area within which the cursor 
31 may move without effecting a shift of the display area. For 
example; when the cursor 31 is moved to the right of an imagi 
nary line between the display marks 47(b) and 47(d), all of the 
information within the numerical entry area and the column 
identification information is shifted to the left by one column. 
Similarly, if the cursor 31 is moved in a downward direction 
and an attempt is made to move it beyond the imaginary line 
between the display marks 47(c) and 47(d), all of the informa 
tion within the numerical entry area 23 and the row identifica 
tion area 21 is shifted upward by one row. In this manner, all 
the numerical entries can be displayed while still displaying 
their proper identifications in the columnar identification area 
19 and the row identification area 21. That is, the headings in 
the columnar and row identification areas which correspond 
to the data displayed are always displayed. 
As described above, the cursor 31 is the means used to ad 

dress specific entries in the electronic storage unit which are 
displayed on the worksheet display. The cursor is an illu 
minated mark appearing on the CRT display and generally 
takes the form of a short line or underscore. It may also take 
the form of a circle which surrounds the character, a bracket, 
a brightened character, or any other such form as a "light 
gun" location which could be utilized to visually indicate a 
unique relative position on the surface of the CRT display 13. 
Movement of the cursor is under operator control through the 
cursor control keyboard 29 on the console keyboard 15. The 
cursor may be moved incrementally at low or high speed or in 
multiple position steps. 

Referring briefly to FIG. 2, four keybuttons 49 are used to 
move the cursor vertically and horizontally. A light depression 
of one of the keybuttons 49 will cause movement of the cursor 
through a single row or horizontal position in the indicated 
direction. Further depression of this keybutton causes high 
speed motion of the cursor in the indicated direction. 
Movement of the cursor in multiple horizontal position 

steps is effected upon the depression of the tab key located on 70 
the cursor control keyboard 29. Depression of this key causes 
the cursor to move to the right to a preset tab stop. In an enter 
mode of operation, the cursor will stop in the units position of 
the numerical field defined by the tab stop. In a calculate 
mode of operation, the cursor will stop at a field control posi- 75 
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6 
tion to be hereinafter defined, Depression of the reverse tab 
key will cause the cursor to move to the left to the next preset 
tab stop and the final location of the cursor is identical to that 
described above with respect to the operation of the tab key. 
When in entry or calculate mode, depression of the return key 
causes the cursor to return to the left edge of the numerical 
entry area 23 of the worksheet and to also simultaneously 
index the cursor down one line. In replace mode, the cursor 
returns to the left edge of the row identification area 21 and 
indexes. In those instances where the left edge of the numeri 
cal entry area was previously not displayed within the scan "- 
window," the scan "window' will also move to the leftmost 
position of the worksheet thus displaying the leftmost column 
of entries contained in the numerical entry area of storage. 
Depression of the elevate keybutton is similar to the operation 
described above with respect to the return keybutton, but 
causes the cursor to move upward to the top edge of the nu 
merical entry area of the worksheet in accordance with the 
mode selected. The display area views the uppermost line of 
the worksheet following the depression of this key. 

Referring now once again to FIG. 1 of the drawings, in the 
description which follows, it will be explained how the infor 
mation which makes up the worksheet display is keyed into a 
storage unit for display on display device 13. Initially, an 
operation begins with a blank display. All column headings 
and row identifications are entered from the alphabetic and 
numeric keyboard or, as will hereinafter be described, from a 
secondary media reader (not shown). In order to enter 
column headings, the cursor 31 is first located to the upper 
leftmost position upon the display. The "replace' keybutton is 
depressed on the mode control keyboard 33 and thereafter, 
column headings and tabulation stops are entered by typing 
and spacing with the keys on the alphabetic and numeric 
keyboard 27. As each character is thus entered, the cursor au 
tomatically spaces one position to the right awaiting the entry 
of the next character. Tab stops are set at the cursor location 
whenever the tab set key on the cursor control keyboard 29 is 
depressed. The intervals between tab stops establish the field 
lengths for data entries to be made at a later time as will be 
described. Additional lines of columnar identification infor 
mation may similarly be placed beneath the first line of 
column identification information. As also described hereto 
fore, if the worksheet width exceeds the display width, the dis 
played work area advances to the right as typing and spacing 
continues. Upon depressing the return key on the cursor con 
trol keyboard, the cursor will return to the leftmost position of 
the worksheet storage and index down one line. 

After entering all column identification lines, the operator 
locates the cursor to the left margin by utilizing the return key 
or the cursor motion key and thereafter depresses the "end 
heading' key on the cursor control keyboard. Depression of 
this key causes a line to be displayed on the display 13 dividing 
the heading information from the data information. It also in 
ternally stores an indication within the storage unit of the 
device to control the display of the heading information as the 
scan "window' is thereafter shifted downward. 
The location of the first tab stop similarly divides the row 

identification area 21 from the numerical entry area 23. This 
indication, stored in the storage unit, also controls the display 
of appropriate row headings as the scan "window" is shifted. 
Each row heading is similarly entered by simply typing on the 
alphabetic and numeric keyboard and returning the cursor 
until all of the lines have been identified. Open lines are 
placed on the worksheet by depressing the cursor return key 
more than one time. Such multiple depression effects the 
storage of a special symbol which indicates that a blank line is 
to be displayed. 

After the worksheet has thus been setup with column and 
row identifications and tab stops which define the length of 
the numerical fields in each column, numerical entries can be 
made by depressing keybuttons on the numeric keyboard. The 
machine must first be placed in the enter mode by depressing 
the "enter" button on the mode control keyboard 33. This 
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conditions the system to receive data and controls the cursor 
31, when tabbed, so that it will be positioned at the units posi 
tion of the tabbed-to field. Thus, with the cursor located ad 
jacent to the units position of the desired field, a numerical 
entry is keyed on the numeric portion of the alphabetic and 
numeric keyboard 27. The high order positions are keyed first, 
the cursor remaining in the units position with each keyed 
digit causing the previously keyed digits to shift to the left both 
within the electronic storage unit and on the display 13. Upon 
completing an entry, the operator then locates the cursor to 
the next entry field by utilizing the reverse tab and tab keys 
and the keybuttons 49 on the cursor control keyboard. 
Replacement of an incorrect entry can be effected in two 
ways: (a) the cursor can be located in the units position of the 
field and thereafter the "clear" key on the display control 
keyboard 37 is depressed clearing all the positions of the field. 
A new entry is thereafter made from the numeric keyboard. 
(b) The cursor is located at the specific position requiring a 
change, the "replace' key on the mode control keyboard is 
depressed, and the correct digit keyed on the numeric 
keyboard. This substitutes the new digit for the incorrect digit 
within the field and the cursor advances to the next position to 
the right in case additional corrections are necessitated. 

in order to make minus or credit entries, the "reverse sign" 
key on the arithmetic control keyboard 35 is depressed follow 
ing the numeric keying and prior to moving the cursor. This 
assigns a negative value to the quantity in the just-keyed field. 
If the "reverse sign" key is depressed in error, a second 
depression of the key will return the quantity to a positive 
value. The negative sign appears to the right of the units posi 
tion in the control location. 

In normal operation, a quantity of data entries will be made 
prior to any arithmetic manipulations. Headings, identifica 
tions, input data, and corrections will be spread before the 
operator for review, reformating, rearrangement, or further 
correction. The operator proceeds to the manipulation phase 
by depressing the "calculate" keybutton on the mode control 
keyboard 33. During the course of developing the worksheet, 
further line item identification, headings, and data may have 
to be entered. This is accomplished by again switching back to 
the "enter" and "replace" mode of operation. 
Thus far, the description has related to how the operator 

keys in information, and manipulates the cursor 31 on a dis 
play device 13 to designate where information is to be en 
tered. In the description which follows, the arithmetic opera 
tions which may be performed on the data thus stored and 
other functions including relocating data, utilizing the dis 
played data in an off-the-worksheet complex calculation, and 
effecting a unique series of repetitive calculations automati 
cally will be described. 

Referring now to FIG. 3 of the drawings, a schematic block 
diagram of the electronic statistical typing system of the 
present invention is depicted. This device comprises a 
worksheet storage unit 60 and a scratch padstorage unit 61. In 
the description which follows, each of these storage units, 
along with various registers will be described as performing 
certain functions. It is, of course, understood by those skilled 
in the art that each such storage unit thus described could be 
an arbitrarily designated portion of a larger overall electronic 
storage unit. 
The worksheet storage unit 60 is utilized to store the colum 

nar and row identification information along with the numeri 
cal entries which are displayed on the display device 11 when 
in worksheet mode. The information thus contained in the 
worksheet storage is in the form of a coded representation, 
such as a modified binary coded decimal, and is transmitted 
from the worksheet storage 60 to the worksheet display con 
trol device 63. The worksheet display control device 63 ef 
fects the display of that portion of the worksheet storage 60 
defined by the scan "window' which in turn is defined by the 
cursor location. In a similar manner, the scratch pad display 
control unit 65 controls the display of the data information 
stored in coded form in the scratch pad storage unit 61. Both 
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8 
of the display control units operate in a well-known manner to 
effect the encoding of the information stored in coded form in 
the storage units. The thus encoded information controls the 
blanking of a raster associated with the CRT display to thus 
form visual character patterns. Switch 45 representative of 
the toggle switch 45 on the mode control keyboard 33 effects 
the display of either the worksheet storage 60 or the scratch 
pad storage 61 in accordance with the switch position. 
The worksheet storage unit 60 contains a number of rows of 

storage corresponding to the maximum number of rows 
desired to be placed on the worksheet and a number of 
columns of information corresponding to the maximum 
number of columns desired on the worksheet. An additional 
row of the information is provided for storing tab stops. As 
described heretofore with respect to the display 13 of FIG. 1, 
the information in the worksheet storage unit 60 which is 
located to the right of the first tab stop and located under the 
columnar identification information is the numerical entry 
area. The numerical entry area of storage consists of a plurali. 
ty of fields, each such field containing an entry, factor, or 
result. The location and length of each field is determined by 
tab stops set in the tab stop row of the worksheet storage 60 
and by the row of storage in which the field is located. The 
field length is equal to the number of storage positions 
between the tab stops and the entire field length less one posi 
tion can be utilized for the storage of numerical information. 
A single position within each field is reserved for algebraic 
signs and control. 

Referring briefly now to FIG. 4 of the drawings, two typical 
adjacent rows of storage in the numerical entry area and the 
tab stop row of storage are schematically depicted. The first 
row 67 and the second row 68 each consists of a plurality of 
fields 69, each such field being defined as the area between 
adjacent tab stops 71 stored in the tab stop row 73 of storage. 
Each such field 69 consists of a numerical entry portion 75 
and a sign and control portion 77. The sign and control por 
tion 77 is one character long and functions as an address loca 
tion during certain arithmetic operations and also as the loca 
tion wherein the algebraic sign of the numerical entry is 
stored. As described above, whenever the device is in enter 
mode, the cursor is positioned adjacent to the low order posi 
tion of the field. These cursor locations are schematically de 
picted for each field of information 69 at 79. The cursor is 
located adjacent to the sign and control portion 77 during cal 
culate operations. These cursor locations for each field are de 
picted at 80. 

Referring once again to FIG.3 of the drawings, the address 
and cursor control unit 83 is responsive to the cursor control 
keyboard 29 and effects the addressing of the various fields of 
data within the numerical entry area of the worksheet storage 
60 as well as the columnar and row identification areas of the 
worksheet storage 60. That is, by positioning the cursor on the 
display 13, the operator defines a display coordinate position 
which correlates with a unique position in the worksheet 
storage unit 60. The corresponding unique storage position in 
the worksheet storage 60 is thus addressed by the address and 
cursor control unit 83 and, further, this unit provides a signal 
to the worksheet display control unit 63 which causes the cur 
sor to be displayed on the display 13 at the position defined by 
the operator. Whenever the operator depresses one of the cur 
sor control keybuttons 49, for example, the cursor address is 
caused to be incremented or decremented in accordance with 
the button depressed and the position of the cursor is caused 
to be changed on the display 13. As described above, when in 
replace mode, the cursor addresses a single unique storage 
position. When in enter mode, the cursor addresses the units 
position of a field defined by previously set tab stops. When in 
calculate mode, the cursor addresses the sign and control por 
tion of the field defined by the tab stops. 

In the description which follows, the operation of the ad 
dress and cursor control unit 83 which defines the cursor posi 
tion during the various modes of operation and which further 
defines the scan "window" to the worksheet display control 
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unit 63 will be described. Referring now to FIG. 5 of the 
drawings, a schematic representation of the worksheet storage 
unit 60 of FIG, 3 is depicted. Four areas of the storage unit, 
85, 86, 87, and 88 represent that portion of the worksheet 
storage unit 60 which is displayed. These areas are in turn 
defined by the horizontal and vertical coordinate position of 
the cursor address depicted schematically at 89, by the max 
imum number of vertical lines which can be displayed, and by 
the maximum length of the display. As depicted, each of the 
areas are defined by the boundaries of the storage unit 60 
and/or coordinate positions V, V, V, and H1, H, and H. 
The V coordinate position is defined, as described hereto 

fore, by the depression of the heading keybutton when in 
"replace" mode. The H coordinate position is defined by the 
first tab stop. The V, and Vs coordinate positions are defined 
by the vertical coordinate position, v, of the cursor address at 
89. The number of rows of storage located between the V, and 
V coordinate positions is dependent upon the maximum 
number of rows that can be displayed and upon the number of 
rows of display located between the coordinate position W. 
and the upper boundary of the memory. In a similar manner, 
the H, and His horizontal coordinate positions are defined by 
the horizontal position of the cursor and by the maximum 
number of columns which can be displayed and the number of 
columns which are displayed between the left boundary of the 
memory and the H coordinate position. In the description 
which immediately follows, the logic which controls the 
horizontal cursor position, h, and the logic which defines the 
H and initial H, coordinate positions will be described. 
Referring now to FIG. 6 of the drawings, the horizontal cur 

sor positioning control logic is depicted. The horizontal coor 
dinate position of the cursor is maintained in the counter 91. 
The counter is reset to zero when the return key is depressed 
when in replace mode by a gated signal from the AND gate 92 
and is reset to the contents of the H counter when the return 
key is depressed when either in control mode or entry mode 
by a gated signal from AND-gate 93. 
When the "tab" or the "reverse tab' key is depressed, the 

counter 91 is set with a coordinate position of a tab stop which 
is stored in the tab stop storage unit 94. This signal is gated 
under the control of OR-gate 95 and the AND-gate 96. The 
number within the counter 91 is incremented by 1 when the 
cursor is advanced one position to the right and decremented 
by 1 when the cursor is advanced by one position to the left. 
AND-gates 97 and 98 supply a +1 and a -l output respective 
ly whenever the cursor right and cursor left keybuttons are 
depressed. These signals are applied to OR-gate 99 and thence 
to the counter 91. 

In order to define the tab stops stored in the tab stop storage 
unit 94, it will be recalled tat the operator places the device in 
replace mode and thereafter positions the cursor to the loca 
tion of the desired tab stop and depresses the "set tab' 
keybutton. At this time, AND-gate 101 gates the contents of 
the counter 91 to the tab stop storage unit 94. The tab stop 
storage unit 94 consists of a plurality of discrete storage posi 
tions, each adapted to store a single horizontal position. Each 
of the discrete storage positions are addressed by the tab ad 
dress counter 102 which is initially reset to address the first 
storage position when the "return" key is depressed. 
Thereafter, each depression of the set tab key gates OR-gate 
103 whose output is utilized to gate the AND-gate 104. The 
output of the AND-gate 104 is provided to the OR-gate 105 
which in turn causes the tab address counter 102 to increment 
by +1. In this manner, the tab address counter increments by 
+1 each time a tab stop is set so that the next tab stop will be 
stored in a new storage position of the tab stop storage unit 94. 
As described above, the AND-gate 96 gates the contents of 

the addressed storage position within the tab storage unit 94 
into the counter 91 whenever the tab or reverse tab keys are 
depressed. Depression of the tab key gates the OR-gate 103 
which causes the tab address counter 102 to advance in a 
manner similar to that described above with respect to the 
operation of the set tab key. Depression of the reverse tab key 
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10 
causes the AND-gate 106 to provide an output signal which 
causes the tab address counter to be decremented. In this 
manner, the tab address counter 102 causes the proper tab 
stop positions to be gated into the counter 91. 
As has been described, when in control mode, the control 

position of the field defined by the tab stop is addressed. Since 
the control position is one position to the left of the tab posi 
tion, it is necessary to decrement the counter 91 by l after a 
tab operation when in control mode. Thus, the AND-gate 107 
provides an output signal after a tab or reverse tab operation 
when in control mode which gates the OR-gate 108 to provide 
a -l signal to the OR-gate 99 whose output causes the counter 
91 to decrement by 1. In a similar manner, logic (not shown) 
causes the counter 91 to decrement by two positions when in 
enter mode. 
When defining the first tab stop, the output of the AND 

gate 101 is supplied to the AND-gate 109 which is also gated 
by the output of the first tablatch 110. Since the first tab latch 
has not yet been set, the output of the first tab latch 110 gates 
the AND-gate 109 so that the H, counter 111 and the H, 
counter 112 are both set with the contents of the counter 91 
which corresponds to the horizontal position of the first tab 
stop. Thereafter, the first tab latch 110 is set thus degating the 
AND-gate 109. 

Referring now to FIG. 7 of the drawings, the vertical cursor 
positioning control logic is depicted. This logic is similar to the 
horizontal cursor positioning control logic described with 
respect to FIG. 6 and differs only in that there are no means 
provided for vertical tabulation. A counter 115 is provided to 
maintain the vertical coordinate position of the cursor. This 
counter is reset to zero under the control of AND-gate 116 
when in replace mode and when the elevate key is depressed. 
The counter is reset to the V coordinate position under the 
control of AND-gate 117 when the elevate key is depressed 
when either in control mode or enter mode. The cursor is 
decremented by 1 when the cursor up key is depressed and in 
cremented by 1 when the cursor down key is depressed as con 
trolled by AND-gates 118 and 119 and the OR-gate 120. Both 
the V counter 121 and the V, counter 122 are gated with the 
contents of the counter 115 by AND circuit 123 when in 
replace mode and when the "end heading" key is depressed. 

Referring now to FIG. 8 of the drawings, the horizontal 
frame limit control logic is depicted. This logic controls the 
horizontal boundaries of the scan 'window' as defined in FIG. 
5 of the drawings. Three counters, the H counter 111, the H. 
counter 112, and the Hs counter 125 are utilized to define the 
Hi, H, and Ha coordinate positions as defined in FIG.S. It has 
been described how the H counter 111 is initially set with a 
value corresponding to the first tab stop and how the H. 
counter 112 is initially set with the same value. Thereafter, 
whenever the return key is depressed, AND-gate 126 provides 
an output signal to the OR-gate 127 which causes the H, 
counter 112 to be set with the value of the H counter. Depres 
sion of the return key also causes the AND-gate 128 to pro 
vide an output signal which causes the H counter 125 to be 
set with a number corresponding to the maximum number of 
horizontal positions that can be displayed. Thus, when the 
"return" key is depressed, the H counter 111 and the H, 
counter 112 each contain a value corresponding to the first 
tab stop, and the His counter contains a value corresponding to 
the maximum number of horizontal positions that can be dis 
played within a line. 

Thereafter, whenever the cursor is advanced to the right, 
the value in the His counter 125 is compared with the horizon 
tal position of the cursor which is supplied by the counter 9 
by the compare circuit 129. When the value of the H counter 
is less than or equal to the horizontal coordinate position of 
the cursor, the scan "window" must be advanced to the right. 
At this time, latch 130 is set and the output of the latch is util 
ized to gate the AND-gate 131. The output of the AND-gate 
131 supplies a hit signal to the OR-gate 132 which in turn 
causes the H counter 112 and the His counter 125 to incre 
ment by +1. This operation continues until the horizontal 



1 

coordinate position of the cursor is less than the count in the 
H counter 125. At this time, the compare circuit 129 pro 
vides an output signal to reset the latch 130. ... --r 
Once the scan "window" has been shifted to the right by ad 

vancing the H, and His counters, the operator may thereafter 
cause the scan "window' to be shifted to the left by causing 
the cursor to move to the left beyond the value stored in the 
H, counter. This event can occur either by depressing the 
reverse tab key or by depressing the cursor left keybutton. 
Thus, whenever the horizontal position of the cursor as sup 
plied by counter 91 is less than or equal to the count of the H. 
counter 112, compare circuit 134 supplies an output signal 
which sets the latch 135. The output of the latch 135 is gated 
with a -l signal by the AND-gate 136. The output of the 
AND-gate 136 is gated through the OR-gate 132 and decre 
ments the H counter 112 and the His counter 125. When the 
horizontal position of the cursor is greater than the count con 
tained in the H. counter 112, the compare circuit 134 supplies 
a reset signal to the latch 135. 
As described above, depression of the reverse tab key caus 

ing the cursor to move to the left to a coordinate position 
located to the left of the coordinate position defined by the H 
counter 112 causes the H counter to be decremented. Since 
the reverse tab movement of the cursor when in the calculate 
mode or the entry mode causes the cursor to address the con 
trol position or the units position respectively of a field, and 
since decrementing of the H counter 112 ceases whenever 
the count in the H, counter is less than the cursor position, 
only the control positions of the tabbed-to field would be 
within the boundary defined by the H. counter. In order to in 
sure that the entire tabbed-to field is displayed, a second 
reverse tab operation is automatically performed so that the 
cursor is then located adjacent to the control position of the 
field to the left of the tabbed-to field. The H counter is then 
set with this value which thus insures the display of the entire 
tabbed-to field and, thereafter, the cursor is tabbed in the for 
ward direction back to the desired field. Thus, whenever the 
compare circuit 134 provides an output signal indicating that 
the horizontal position of the cursor is less than or equal to the 
count in the H. counter, and if a reverse tab operation has just 
occurred, the AND-gate 137 is gated supplying an output 
signal to the AND-gate 138, the output of which causes a 
reverse tab operation to occur. Both the AND-gate 137 and 
the AND-gate 138 are gated with the output signal of the 
reverse tab latch 139. This latch indicates that a reverse tab 
had not previously been automatically effected. The output 
signal of the AND-gate 137 is delayed by delay 140 and causes 
the reverse tab latch to set thereby blocking further automatic 
reverse tabulation. 
The reverse tabulation effected by the AND-gate 138 

causes the cursor horizontal position to correspond to the con 
trol position of the field immediately to the left of the tabbed 
to field. This new horizontal position is thereafter supplied by 
the counter 91 to the compare circuit 134 which causes the H. 
counter to continue to decrement until its count is equal to 
that of the counter 91. At this time, the compare circuit 134 
supplies an output signal to the AND-gate 141 which is also 
gated with the now on output of the reverse tab latch 139. The 
output of the AND-gate 141 causes a tabulation to be effected 
thereby causing the cursor horizontal position to move to the 
control position of the tabbed-to field. The output signal of the 
AND-gate 141 is also utilized to reset the reverse tab latch 139 
to its of state. The latch circuit 135 is also reset since the 
horizontal coordinate position of the cursor is greater than the 
count of the H counter 112. At this time, the H counter con 
tains a value corresponding to the control position of the 
tabbed-to field. 
The above description has related to the horizontal frame 

limit control logic. The vertical frame limit control logic is de 
picted in FIG. 9 of the drawings and is similar in operation to 
the horizontal frame limit control logic except that the addi 
tional logic required for tabulation and reverse tabulation is 
not needed in the vertical logic since vertical tabulation is not 
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provided. It has been described with respect to FIG. 7 of the 
drawings how the V and V. counters 121 and 122 are initially 
set with the heading line coordinate position. Whenever the 
"elevate"key is thereafter depressed, AND-gate 144 provides 
an output signal to the OR-gate 145 which in turn gates the V, 
counter 122 with the contents of the V counter 121. Addi 
tionally, whenever the "elevate" key is depressed, AND-gate 
146 provides an output signal corresponding to the maximum 
number of vertical lines that can be displayed which is gated 
into the V counter 147. Thereafter, whenever the vertical 
coordinate position of the cursor as defined by the counter 
115 is greater than the count in the V. counter 147, compare 
circuit 148 provides an output signal to the latch 149. The out 
put of the latch 149 is then gated by the AND-gate 150 with 
the +1 line causing a +1 signal to be applied to the OR-gate 
151 which in turn causes the V, counter 122 and the V 
counter 147 to increment by +1. This operation continues 
until the count in the V counter is greater than the vertical 
coordinate position of the cursor at which time the latch 149 is 
reset. 

In a similar manner, when the cursor is moved from the bot 
tom of the page toward the top of the page, the compare cir 
cuit 152 provides an output signal whenever the cursor coor 
dinate position is less than the count of the V counter. This 
signal sets the latch 153 which in turn provides an output to 
the AND-gate 154. The AND-gate 154 is also gated with the 
-l line so as to provide a -l signal to the OR-gate 151 which 
causes the V counter 22 and the Vs counter 47 to decre 
ment. The decrementing continues until the vertical coor 
dinate position is greater than the count contained in the V, 
counter. 

Referring once again to FIG. 5 of the drawings, the logic 
utilized to control the horizontal and vertical positioning of 
the cursor address 89 has been described. Additionally, the 
logic utilized to define the V, V, and V vertical coordinate 
positions as well as the H, H, and His horizontal coordinate 
positions in terms of the cursor coordinate position 89 and in 
terms of the maximum area displayed has been described. In 
the description which follows, the logic utilized to effect the 
display of the areas 85, 86, 87, and 88 as a continuous display, 
ignoring the contents of adjacent areas within the storage unit 
60 will be described. 

Referring now to FIG. 10 of the drawings, the horizontal 
storage display frame control logic is depicted. The horizontal 
storage location of the character to be displayed is contained 
in the horizontal display storage address register 158. At the 
start of a display operation, this register is reset to a value cor 
responding to the left-hand coordinate position of the storage 
unit. Thereafter, its value is caused to be incremented by 
with each clock pulse under the control of the AND-gate 159. 
When the value thus contained in the horizontal display 
storage address register 158 corresponds to the value in the H. 
counter 111, the compare circuit 160 provides an output 
signal. This circuit is gated with the output signal of the 
horizontal display storage address register 158 and with the 
output signal of the OR-gate 161. The OR-gate 161 is in turn 
gated with an output signal from either the AND-gate 62 or 
the AND-gate 163. The AND-gate 162 provides an output 
signal corresponding to the value contained in the H counter 
111 whenever the horizontal sweep flip-flop 164 provides an 
output on its "A" output line and the AND-gate 163 provides 
an output signal corresponding to the contents of the H 
counter 125 whenever the horizontal sweep flip-flop circuit 
164 provides an output signal on its "B" output line. Since the 
horizontal sweep flip-flop 164 initially provides an output 
signal on its "A' output line, the contents of the horizontal 
display storage address register 158 are compared with the 
contents of the H counter 111 by compare circuit 160. When 
the contents of the horizontal display storage address register 
equal the value in the H counter 111, the compare circuit . 
provides an output signal which gates the AND-gate 165. This 
gate is also gated with the "A" output line of the horizontal 
sweep flip-flop circuit 164 and with the contents of the H, 
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counter 112. Thus, when the contents of the horizontal display 
storage address register are equal to the contents of the H 
counter 11, the horizontal display storage address register 
158 is set with the contents of the H counter 112. Addi 
tionally, the output of the compare circuit 160 is delayed by 
delay 166 and thereafter causes the horizontal sweep flip-flop 
circuit 164 to change state. 

Thereafter, the contents of the horizontal display storage 
address register 158 are compared with the contents of the Ha 
counter 125 by compare circuit 160 and, when equal to the 
contents of the H counter 125, the compare circuit 160 pro 
vides an output signal to the AND-gate 167. The AND-gate 
167 is also gated by the "B" output line of the horizontal 
sweep flip-flop circuit 164 and by a reset line to reset the 
horizontal display storage address register 158 to zero. The 
output signal of the compare circuit 160 is again delayed by 
the delay 166 to cause the horizontal sweep flip-flop circuit 
164 to again change states to its initial condition, 

In the above manner, the horizontal display storage address 
register starts at the leftmost coordinate position of the 
storage unit and thereafter advances by one until its count is 
equal to the count of the H counter 111. Thereafter, the con 
tents of the H counter 112 are gated into the horizontal dis 
play storage address register and it continues to increment by 
one until equal to the contents of the Ha counter 125. 
Thereafter, it is again reset to zero and the operation con 
tinues. In this manner, only the contents of the storage unit 
located between the left-hand boundary of the storage unit 
and the H coordinate position and the contents of the storage 
unit located between the H coordinate position and the H. 
coordinate position are displayed. 

In order to display the coordinate position of the cursor, the 
contents of the horizontal display storage address register 158 
are gated to the compare circuit 169 which compares the cur 
rent address of the horizontal display storage address register 
with the contents of the counter 91 containing the cursor 
horizontal coordinate position. When the comparison is equal, 
the compare circuit 169 provides an output signal to the 
horizontal display control unit 63(a) to effect the display of 
the cursor. 
The vertical storage display frame control logic is identical 

to the horizontal storage display frame control logic depicted 
in FIG. 10, the V counter 121, the V, counter 122, and the V 
counter 147 corresponding to the H counter 111, the H, 
counter 112, and the H counter 125 respectively. The only 
further difference is that the vertical display storage address 
register is incremented by +1 with each reset of the horizontal 
display storage address register. 

Referring once again to FIG. 3 of the drawings, the opera 
tion of the address and cursor control unit 83 has been 
described. The following description relates to the data han 
dling and arithmetic operations of the device when in the 
worksheet mode of operation. 
Three special storage registers are associated with the 

worksheet storage unit 60. These are: the memory register 
185, the entry register 187, and the result register 189. When 
the toggle switch 45" is in its worksheet display position, the 
memory register 185 functions to hold the last alphabetic data 
character or the last numerical field read into or from the 
worksheet storage unit 60. As will be described, the numerical 
field or alphabetic letter can be caused to be displayed and 
thus stored in more than one location by manipulating keybut 
tons on the cursor control keyboard 29 to define the desired 
storage locations and thereafter depressing the "display" 
keybutton on the arithmetic and control keyboard 25. The 
entry register 187 is loaded only from the numeric keys of the 
alphabetic and numeric keyboard 27 and, as will be described, 
retains the contents of a numerical field until the start of a new 
keyboard entry. The result register 189 is utilized to tem 
porarily store the result of all arithmetic operations except 
division. When dividing, the result register holds the 
remainder and the store 1 register 191 of the scratch pad 
storage unit 61 holds the quotient. Additionally, the result re 
gister is utilized when transferring information from the 
worksheet storage 60 to the scratch pad storage 61 under the 
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14 
control of the "store' key as will be described. The result re 
gister is cleared by depressing the "result display' key on the 
function control keyboard 25 which effects the transfer of the 
numerical field thus stored to the position defined by the cur 
sor in the worksheet storage unit 60. Additionally, the result 
register, may be cleared if the cursor is in the control position 
of a numeric field and the "clear" key on the function control 
keyboard 25 is depressed. If the cursor is in the units position 
of a numerical field, the clear key clears that field and has no 
effect on the contents of the result register 189. The contents 
of the result register are utilized as the multiplicand or 
dividend by depressing a multiply or divide key on the 
arithmetic and control keyboard 25 immediately following 
another arithmetic operation. 
An arithmetic and logic unit 193 is responsive to the 

arithmetic and control keyboard 25 to effect various 
arithmetic and logical manipulations of the data contained in 
the scratch pad storage unit 61, the entry register 187, and the 
result register 189 and to thereafter effect the storage of the 
resultant number in the worksheet storage unit 60, the result 
register 189, the entry register 187, or the scratch pad storage 
unit 61. The arithmetic and logic unit 193 controls the sequen 
tial closure of various switches 194 to effect the transfer of 
data as will be described. It is understood by those skilled in 
the art that the switches could be the internal programmed 
operations of an automatic data processor. Additionally, the 
construction of the arithmetic circuits are well known in the 
art and will not be described in detail. 
The arithmetic functions performed by the arithmetic and 

logic unit 193 when in the worksheet display mode include ad 
dition, subtraction, multiplication, and division. Addition is ef 
fected when the operator depresses the add key on the 
arithmetic and control keyboard 25 causing the contents of 
the numerical field in the worksheet storage 60 addressed by 
the address and cursor control unit 83 (hereinafter referred to 
as the cursor address) to be gated to the memory register 185, 
then to the entry register 187, and thereafter to be added to 
the contents of the result register 189. If an entry had been 
previously keyed on the keyboard, the contents of the entry 
register 187 will be added to the contents of the result register 
189 in lieu of the cursor address field. When the operator 
depresses the subtract key on the keyboard 25, the operation 
is the same as that described above with respect to addition 
except that the contents of the entry register are subtracted 
from the contents of the result register 189. Depression of the 
multiply key on the keyboard causes the contents of the field 
addressed by the cursor to transfer to the memory register 185 
and thence to the result register to form the multiplicand and 
further condition the arithmetic circuits for multiplication. 
Thereafter, the cursor is positioned to the control position of 
the numerical field which will be the multiplier and the equal 
key on the keyboard is depressed. This causes the contents of 
the cursor address field to transfer to the memory register 185 
and thence to the entry register 187. Thereafter, the contents 
of the entry register are multiplied with the contents of the 
result register by the arithmetic and logic unit 193 and the 
result of the multiplication is stored in the result register 189. 
If the multiplier were keyed, the keyed number would be 
stored in the entry register 187 and depression of the equal 
key would effect the multiplication of the contents of the entry 
register with the contents of the result register. 

Following an add, subtract, or multiply operation, the cur 
sor is positioned to the location where it is desirous to store 
the result of the calculation and the "result display" key is 
depressed. Depression of the "result display' key effects the 
transfer of the numerical field contained in the result register 
189 to the memory register 185 and thence to the numerical 
field defined by the cursor in the worksheet storage 60. 

Since the result of add, subtract, and multiply operations is 
stored in the result register 189, and since it is often desirous 
to utilize that number as a multiplicand in a sequence of 
arithmetic operations, depression of the multiply key im 
mediately following an addition, subtraction, or store (to be 
defined hereinafter) operation will cause the existing contents 
of the result register to be retained as the multiplicand in lieu 



3,610,902 
15 

of the cursor addressed field. Additionally, during multiplica 
tion operations, it is not necessary to rekey the multiply key to 
initiate each multiplication after the first multiplication. Thus, 
it is only necessary upon the second multiplication to define 
the multiplier, since depression of the equal key effects the 
multiplication of the multiplier thus defined with the contents 
of the result register. However, in a chain of multiplications, if 
it is desirous to display the intermediate products, depression 
of the result display key clears the result register thus neces 
sitating the further depression of the multiply key after a result 
display operation to effect transfer of the numerical informa 
tion from the cursor address field (where the intermediate is 
displayed) back to the result register 189. 

Depression of the divide key on the keyboard causes the 
contents of the field addressed by the cursor to transfer to the 
result register to form a dividend and conditions the 
arithmetic circuits for a subsequent division operation. In a 
similar manner to the multiplication operation described 
above, if the divide key operation immediately follows an ad 
dition, subtraction, or store operation, the contents of the field 
addressed by the cursor will be ignored and the existing con 
tents of the result register 189 will be retained as the dividend. 
Further, if an entry has been keyed on the keyboard, that 
entry will be transferred from the entry register 187 to the 
result register 189 when the divide key is depressed. 
Thereafter, the cursor is positioned to the field containing the 
divisor or the divisor is keyed on the keyboard and the equal 
key is depressed in a manner analogous to that described with 
respect to multiplication. The quotient of the divide operation 
is stored in the store 1 register 191 of the scratch pad storage 
unit 61 and the remainder is stored in the result register 189. 
Thereafter, depression of the result display key causes the 
quotient to be read from the store 1 register and stored in the 
cursor addressed field. The store 1 register is not cleared dur 
ing this operation. A second depression of the result display 
key reads the remainder from the result register and clears it. 

In addition to performing various arithmetic functions 
described above, the arithmetic and logic unit 193 also effects 
various logical and housekeeping functions under the control 
of the arithmetic and control keys 25. As described above, 
depression of the "clear" key causes the field addressed by the 
cursor in the worksheet storage unit 60 to be cleared if the 
cursor is in the units position of such a field. However, if the 
cursor is in the control position of the field, the result register 
89 is cleared. w 
Also, as described above, depression of the "result display' 

key causes the contents of the result register to be transferred 
to the worksheet storage unit 60 and be displayed on the dis 
play device 13 at the field location indicated by the cursor. 
During this operation, the result register is cleared and any 
previous contents of the numerical field defined by the cursor 
in the worksheet storage 60 are replaced by the new contents. 
It should be noted that the store 1 register 191 is addressed in 
lieu of the result register 189 immediately following a divide 
operation. A second depression of the result display key fol 
lowing a divide operation causes the contents of the result re 
gister to be transferred. Two additional keys are provided on 
the arithmetic control keyboard 25: "result display --' and 
“result display -.' Depression of one of these keys effects the 
same operation as that described above with respect to the 
result display key except that the operation occurs only if the 
sign of the number contained in the result register corresponds 
with the sign of the depressed keybutton. 
A transfer operation is provided to eliminate rekeying of 

fields already displayed. The field to be transferred to an addi 
tional location is first addressed by locating the cursor at the 
cursor control position. The operator thereafter depresses the 
"transfer" key and the contents of the field thus addressed are 
transferred to the memory register 185 and rewritten back 
into the addressed location. The cursor is thereafter located at 
the control position of the field to which the data is to be 
transferred and the "display' key is depressed to effect 
transfer of data from the memory register 185 to the ad 
dressed location in the worksheet storage unit 60. Since the 
memory register 185 retains the numerical entry which was 
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last read into or from the storage unit 60, the cursor may 
thereafter be located adjacent to the control position of a still 
further field and thereafter the display key be depressed to 
thus display and store the value in any number of other addi 
tional storage locations as desired. 

In certain applications, it is necessary to perform complex 
arithmetic operations on a displayed number. This may be 
done in the scratch pad storage 61 as will be described 
hereinafter. To place a number located in the worksheet 
storage unit 60 in the scratch pad storage unit 61, the operator 
locates the cursor to the desired field, and thereafter depresses 
the transfer key to locate the desired number in the memory 
register 185. Next, the operator depresses the 'store" key to 
effect the transfer of the number to the result register or 
depresses the store 1 key to effect transfer of the number to 
the store 1 register 191. In a similar manner the store 2, store 
3, and store 4 keys effect storage of the addressed number in 
the corresponding registers of the scratch pad storage unit 61. 
Two additional control keys, the "underscore" key and the 

"double underscore" key are located on the arithmetic and 
control keyboard 25. Depression of the underscore key with 
the cursor located in the control position of a numerical field 
will cause a single underscore to appear above the field. This 
underscore is generated by the arithmetic and logic unit 193 
and is effected by setting a special flag bit associated with each 
character position of the addressed numerical field in the 
worksheet storage 60. Setting of this bit effects the display of 
an underscore when the character is decoded by the 
worksheet display control unit 63. Depression of the double 
underscore key effects the display of a double underscore 
beneath the addressed numerical field and is effected by 
setting a second row of flag bits associated with each character 
position in the addressed field. 

Summarizing, it has been described how numerical data is 
entered into the worksheet storage unit 60 for display on the 
display device 13. Variable length fields for the data are ini 
tially defined by the operator and thereafter, numerical entries 
are made within the thus defined fields. Selection of the field 
wherein a numerical entry is to be made is effected by manipu 
lating cursor control keys on the cursor control keyboard 29 
which define corresponding addresses in the worksheet 
storage unit 60 and by thereafter keying the numerical entry. 
The numerical fields thus entered in the worksheet storage 
unit 60 may be arithmetically manipulated by the arithmetic 
and logic unit 193 and caused to be either temporarily stored 
in the result register 189 or permanently stored in a selected 
location of the worksheet storage unit 60. 
Often it is desirous to perform complex arithmetic opera 

tions with the various factors utilized in such operations being 
continuously displayed before the operator. Since many of 
these factors are intermediate in nature, it is desirous to store 
only the final result of the calculation in the worksheet storage 
unit 60. A second mode of system operation is thus provided 
which enables complex calculations to be readily performed 
without disturbing the entries contained in the worksheet 
storage unit 60. This mode of operation is called the scratch 
pad mode of system operation and will be described in the 
description which follows. 
When the operator desires to perform an off-the-worksheet 

calculation, factors located in the worksheet storage unit 60 
which are to be utilized during the calculation may be trans 
ferred from the worksheet storage unit 60 to the scratch pad 
storage unit 61 by locating the cursor adjacent to the control 
position of the numerical field desired to be transferred, 
depressing the "transfer" keybutton, and thereafter 
depressing one of the "store" keybuttons as described hereto 
fore. Once all of the desired factors are thus transferred, the 
operator switches the toggle switch 45 on the arithmetic and 
control keyboard thereby effecting transfer of the switch 45 
which effects the display of the scratch pad storage unit 61 as 
controlled by the scratch pad storage unit 61 as controlled by 
the scratch pad display control unit 65 on the display device 
13. The display which appears on the face of the display 
device 13 is in column format with the contents of each of the 
registers of the scratch pad display unit 61 being displayed, 
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one under another. Additionally, the contents of the result re 
gister 189 and of the entry register 187 are displayed under 
the display of the contents of the scratch pad storage unit 61. 
The result of any calculation performed in the scratch pad 
storage mode may be transferred to the worksheet storage unit 
60 by utilizing the "result display" key. In order to effect such 
a transfer, the device must be returned to the worksheet dis 
play mode, the desired location addressed by the cursor, and 
the result display key depressed. 
The scratch pad storage unit contains four registers, 

designated as store 1 register 191, store 2 register 195, store 3 
register 196, and store 4 register 197. Each of the store re 
gisters can be addressed in two ways: by depressing the cor 
responding storage address keys labeled "Store 1-Store 4" on 
the scratch pad storage control keyboard 39 of FIG. 2, or by 
depressing the "Store" key on the same keyboard. Numerical 
entries are loaded into a store register from the worksheet 
storage unit 60 while the switch 45" is transferred to the 
worksheet mode of operation. The address keys are utilized in 
conjunction with the transfer function previously described. 
Additionally, numerical entries can be loaded into the store 
registers from either the result register 189 or the entry re 
gister 187 under the control of the "Store" key while the 
switch 45" is transferred to the scratch pad mode of operation. 
Depression of the "Store' key following a keyboard entry into 
the entry register 187 effects the transfer of the keyed data 
from the entry register 187 to the store 1 register 191. Any 
number previously located in the store 1 register 191 is trans 
ferred to the store 2 register 195 whose contents are trans 
ferred to the store 3 register 196 and so on. The numerical 
value keyed into the entry register also remains in the entry re 
gister for possible use in the calculation to be performed. In a 
similar manner, the value stored in the result register 189 is 
transferred to the store 1 register 191 upon the depression of 
the “store" key following an arithmetic operation. It should be 
noted at this point that while four store registers and their cor 
responding address keys have been described, a larger number 
of such registers could be utilized if desired. 
Summarizing, the above description has related to the dis 

play of numerical values contained in the scratch pad storage 
unit 61, and the entry of these values into the scratch pad 
storage unit. In the description which follows, the functions of 
the entry register 187, the result register 189, and the 
arithmetic and logic unit 193 will be described for the scratch 
pad mode of operation. 
The operation of the entry register 187 in the scratch pad 

mode of operation is similar to that described with respect to 
the worksheet mode of operation. It can be loaded only from 
the numeric keys of the alphabetic and numerical keyboard 27 
and retains its contents during all arithmetic operations. It is 
cleared upon the start of a new entry after one or more 
arithmetic operations. When the operator keys a numeric 
quantity into the entry register and thereafter depresses the 
"add" keybutton, the 'subtract" keybutton, the "multiply" 
keybutton, or the "divide" keybutton, the contents of the 
entry register will be used as the addend, subtrahend, mul 
tiplicand, or dividend as the case may be. Further, if none of 
the other store registers are addressed prior to the depression 
of such an arithmetic function key, the entry register contents 
will be used as the operand automatically. 
The result register contains the results of all arithmetic 

operations performed by the arithmetic and logic unit 193 ex 
cept for the quotient in a division operation. In a division 
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operation, the store 1 register 191 stores the quotient while 
the result register stores the remainder. Depression of the 
clear key clears the result register 189 while depression of the 
store key causes the contents of the result register to be trans 
ferred to the store 1 register 191 as described above. If the 
operator desires to store the result of a calculation which is 
contained in the result register 189 at a location of the work 
storage unit 60, it is necessary to transfer switch 45' to the 
worksheet mode of operation, locate the cursor to the desired 
field and thereafter depress the result display key on the 
arithmetic and control keyboard 25. This operation causes the 
contents of the result register to be cleared. 

In the description which follows, the arithmetic functions 
performed by the arithmetic and logic unit 193 in response to 
the depression of keys on the arithmetic and control keyboard 
25 when in the scratch pad mode of operation, will be 
described. Depression of the add key causes the contents in 
the register last addressed to be added to the contents of the 
result register 189. Thus, if one of the address keys on the 
arithmetic control keyboard 25 designating one of the store 
registers has been previously depressed, the contents of the 
designated store register would be added to the contents of the 
result register. If no register is thus addressed, keyboard entry 
is implied and the contents of the entry register 187 are added 
to the contents of the result register 189. Depression of the 
subtract key effects a similar operation except that the sign of 
the subtrahend is reversed. 

Depression of the multiply key causes the contents of the 
last addressed register to transfer to the result register 189. If 
another operation (e.g. addition, multiplication, etc.) im 
mediately precedes the depression of the multiply key, the 
contents of the result register will remain and become the mul 
tiplicand. If a keyboard operation immediately precedes the 
depression of the multiply key, the contents of the entry re 
gister 187 are placed in the result register 189. Additionally, 
depression of the multiply key sets up the arithmetic circuit so 
that a multiply operation will occur when the equal keybutton 
is depressed. Thereafter, the multiplier is selected by 
depressing an address key thus selecting the contents of one of 
the store registers in the scratch pad storage unit 61 or the 
multiplier is keyed. In either event, the contents of the 
selected register or the keyed value are transferred to the 
entry register 187 upon the depression of the "equal" key. 

Depression of the divide key causes the contents of the last 
addressed register to transfer to the result register 189 and 
serve as a dividend. If another arithmetic operation im 
mediately precedes the depression of the divide key, the con 
tents of the result register remain as a dividend. Additionally, 
the divide circuits in the arithmetic logic unit 193 are set up so 
that a divide operation will occur when the equal key is 
depressed. 

Depression of the equal key causes a multiply operation or a 
divide operation to occur in accordance with previously 
depressed keybuttons. The contents of the register addressed 
immediately preceding the depression of the equal key are 
transferred to the entry register 187 unless a keyboard entry 
immediately preceded the depression of the equal key, in 
which case that value is retained in the entry register. The 
result of a multiply operation is stored in the result register 
189 and the result of a divide operation is stored in the store 1 
register 91 and the result register as previously described. 
The following chart summary outlines the operation of the 

various possible combinations of operational sequences which 
can be performed in the scratch pad mode of operation: 

Last operation 
- - - - - - - - Key- Store 

(lear - -- X = Stoire board -4 

(irrent operation: 
Clear NA () ?h } () 2 

NA 3. A NA NA 5 5 5 f 
NA 8 NA NA () 
NA 11 NA NA 1. 11 12 13 
NA 14 14 NA NA 4. 4. 15 6 

F. . . . . . . . . NA NA NA 17 NA NA 18 %) 20 
Store... . . . . . . . . . . NA 2 21 21 2. 21 21 22 NA 

Keyboard. . . 23 24 24 24 2. 24 24 NA NA 
Store 1-4--------. 25 26 26 26, 26 26 NA NA 26 
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NA Not admissable or no operation or unnecessary. 
O Clears result register. 
2 Clears last-addressed register. 
2 Clears entry register-correcting erroneous key entry. 
3. Repeat add using contents of last-addressed register. 
4. Cancellation of previously subtracted quantity. 
s Adds contents of entry register to result register 
(AB+BC; (A+B)--B=C) 
6 Adds contents of addressed register to result register. 
7 Cancellation of previously added quantity. 
8 Repeat subtract using contents of last-addressed re 
gister, 
9 Subtracts contents of entry register from result re 
gister. (A-B-B-C; (A-B-B-C) 

() Subtracts contents of addressed register from result re 
gister. 

Contents of result register are assigned as mul 
tiplicand. (A+B)C=D or (A-B)C=D 
2 Contents of entry register are transferred to the result 

register and become the multiplicand. 
13 Same as 12 except addressed store register is used. 
14 Contents of the result register are assigned as the 
dividend. 

A.B A - B A -- B ) - C --- = D: - - = D (42-D: 4 - d. 4. 
1S Contents of entry register moved to result register as 
dividend. 
16 Contents of addressed register moved to result register 
as dividend. 
7 Contents of result register are squared. (A=B). 
18 Initiates multiply or divide using last-addressed factors 
as operands. Store operation does not cancel previous control 
setups. 
19 Initiates multiply or divide using entry register as mul 
tiplier or divisor. 
20 Initiates multiply or divide using addressed register as 
multiplier or divisor. 
21 Transfers contents of result register to store 1, of store 1 
to store 2, store 2 to store 3, etc. 
22 Transfers contents of entry register to store 1, of store 
1 to store 2, store 2 to store 3, etc. 
23 Normal factor entry after clearing of result register. 
24 Normal factor entry prior to arithmetic operation. 
25 Normal factor addressing after clearing of result re 
gister. 
26 Normal factor addressing prior to arithmetic opera 
tion. 

Summarizing, there are two basic modes of operation of the 
electronic statistical typing system: scratch pad mode and 
worksheet mode. When in scratch pad mode, as described 
above, the system functions as a small desk calculator, the 
contents of various registers being displayed on the display 
device 13 to readily enable the operator to arithmetically 
manipulate the numerical contents of the registers and thus 
perform complex calculations. The contents of the registers 
thus displayed which form the scratch pad storage unit 61 may 
be transferred to the worksheet storage unit 60 and 
preselected values stored in the worksheet storage unit 60 may 
be transferred to a designated register within the scratch pad 
storage unit 61. When in worksheet mode, the contents of the 
worksheet storage unit 60 are displayed on the display unit 13 
and the operator, by manipulating cursor control keys, is able 
to specify the storage locations of the data to be arithmetically 
operated upon, entered, or transferred to other locations 
within the worksheet storage unit 60. 
As has been described heretofore, an additional charac 

teristic of statistical and accounting work is repetition. Opera 
tions performed on one set of factors are frequently repeated 
on other sets. The electronic statistical typing system of the 
present invention incorporates a unique programming device 
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20 
which enables the operator to work through a sample example 
and, by so doing, effect the programming of the system. 
Thereafter, the operator effects the repetition of the program 
on other data thus letting the programming device sequence 
the system through the various steps. For example, it may be 
desirous to total each column on the worksheet. In order to 
program the system so that it will perform each step within 
such an operation automatically, the operator merely 
depresses a “learn program' keybutton on the keyboard, and 
performs the operation on the data that is desired. In the 
above example, the operator would manipulate the cursor 
control key and the add key and thus total a single column. 
Thereafter, the operator would place the cursor at the next 
column desired to be totaled and merely depress the program 
repeat button. The programming device would thereafter ef 
fect the proper placement of the cursor and also properly 
sequence the placement of the cursor with arithmetic opera 
tions performed by the system. In the description which fol 
lows, the operation of the programming device will be 
described. 

Referring once again to FIG. 2 of the drawings, a program 
control keyboard 41 is utilized by the operator to effect the 
storage of and repetition of programmed sequences. By way of 
example, eight program sequences can be stored by the pro 
gramming device of the system with each program containing 
up to 64 individual function or cursor motion instructions. 
The indicator lamps 43 indicate which of the eight program 
sequences will control the operation of the device. By 
depressing the "program advance' key on the keyboard, a dif 
ferent one of the eight programs will be sequentially accessed 
for such control purposes. 
As indicated above, there are two program modes of opera 

tion: program learn and program repeat. In the program learn 
mode of operation, all control operations including cursor no 
tion are sequentially stored; and in the program repeat mode 
of operation, a previously stored sequence of operations is 
read out to control the sequencing of operations performed by 
the system. The system is placed in the program learn mode of 
operation by first depressing the "program advance' keybut 
ton to select a desired one of the eight program sequences. 
Thereafter, the cursor is moved to a position adjacent the first 
data item to be operated upon and the "learn program" 
keybutton is depressed. All subsequent control operations and 
cursor motions will be stored within the selected program 
sequence. Similarly, after locating the cursor to the starting 
point and selecting the desired program, the “repeat pro 
gram" keybutton may be depressed and the system will per 
form the operations defined by the selected program on the 
data displayed. 

Referring now to FIG. 3 of the drawings, the programming 
device of the electronic statistical typing system consists of a 
program storage unit 199, a storage address and control unit 
201, a program store register 203, and an encode/decode cir 
cuit 205. The program storage unit stores eight different pro 
gram sets, each set consisting of up to 64 individual function 
or cursor motion instructions. The storage address and control 
unit 201 is responsive to the "program advance" keybutton on 
the program control keyboard 41 to select the initial location 
of one of the eight program sequences. Thereafter, when in 
the program learn mode, each character gated from the pro 
gram store register 203 into the program storage unit 199 
causes the address and control unit to increment by one unit 
to the next instruction storage location within the selected 
program sequence. In a similar manner, when in program re 
peat mode, each character gated from the storage unit 199 to 
the program store register 203 effects the incrementing of the 
address and control circuit 201. Thus, each of the 64 instruc 
tion locations within a program sequence is accessed under 
the control of the address and control unit 20. 
When in the program learn mode, a representation of each 

manipulation of the keybuttons on the cursor control 
keyboard 29 are transmitted to the encode/decode circuit 
205. Additionally, a representation of each manipulation of 
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the keybuttons on the arithmetic control keyboard 35, the 
keybuttons on the display control keyboard 37, and the 
keybuttons on the scratch pad storage control keyboard 39 of 
FIG. 2 are also transmitted to the encode/decode circuit 205. 
Each such representation transmitted to the encode/decode 
circuit 205 is encoded into a special program instruction 
character and transmitted to the program store register 203. 
Once such an instruction is received in the program store re 
gister 203, it is gated into the program storage unit 199 under 
the control of the address and control unit 20. When in the 
program repeat mode of operation, each program instruction 
character previously stored is sequentially gated from the pro 
gram storage unit 199 to the program store register 203. 
Thereafter, each such individual instruction character is 
decoded by the encode/decode circuit 205 and transmitted 
either to the address and cursor control unit 83 or to the 
arithmetic and logic unit 193. The output signal of the en 
code/decode circuit 205 is similar in all respects to the output 
signal supplied by the individual keybuttons and their cor 
responding switches on the arithmetic and control keyboard 
25 or the cursor control keyboard 29. Thus, these signals 
cause the system to operate in the same manner as if the 
operator depressed the corresponding keybuttons. It is, of 
course, recognized by those skilled in the art that clocking cir 
cuitry (not shown) can readily be incorporated to insure that 
an instruction is not read into the program store register 203 
until the previous instruction is executed. This clocking cir 
cuitry would be responsive to both the operations of the 
worksheet storage unit 60 and the scratch pad storage unit 61 
to control the address and control unit 201 in a well known 
rare. 

As has been described heretofore, once the displayed 
worksheet information has been entered, arithmetically 
manipulated, totaled and cross-totaled and if necessary, 
changed and retotaled the information thus contained in the 
worksheet storage unit 60 represents the final work product of 
the professional. In order to obtain a printed copy of the infor 
mation thus contained in the worksheet storage unit 60, the 
electronic statistical typing system of the present invention 
also includes an input/output device 207. The input/output 
device 207 could either be a secondary media 
reader/recorder, a secondary media reader and printer, or an 
electronic data processing system. An example of a secondary 
media reader/recorder having an output printer associated 
therewith which could readily be adapted for utilization in 
conjunction with the electronic statistical typing system of the 
present invention is the magnetic card reader/recorder 
described in the aforereferenced copending application enti 
tled "Data Systern With Printing, Composing, Communica 
tions, and Magnetic Card Processing Facilities." 
When it is desirous to output the information to the in 

put/output device 207, the "output" keybutton on the mode 
control keyboard 33 is depressed which effects the automatic 
reading out of the information contained in the worksheet 
storage unit 60 under the control of the address and cursor 
control unit 83. Depression of this keybutton causes the ad 
dress and cursor control unit to gate out the information start 
ing with the first position of the topmost line of the worksheet 
storage unit 60. Depending upon the internal formating of the 
worksheet storage unit 60, this line could correspond to the 
format data (tab stops). Once the topmost line is thus read out 
into the memory register 185 and thence to the input/output 
device 207, the address and cursor control unit 83 causes the 
second line of storage to be addressed and similarly read out. 
This operation continues until the entire contents of the 
worksheet storage unit are accurately transferred either to a 
secondary media for subsequent printout or directly to a 
printer. 

Since the information is in columnar format and since the 
various tap stops defining each column are defined internally 
in the storage unit, it is possible to first effect the automatic 
setting of tab stops on a serial printer. In this manner, the seri 
al printer is thereafter. tabulated instead of being spaced 
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through the blank spaces between each column thus effecting 
an efficient utilization of the serial printer. 

It is to be noted that the operation of the input device as 
sociated with the input/output device 207 is analogous to the 
operation of the output device. That is, information is read 
into the worksheet storage unit 60 a line at a time until all of 
the input information contained on the secondary media is 
thus entered. In this manner, the work product of one profes 
sional can be transferred to the secondary media. At a later 
time the second professional could cause the information on 
the secondary media to be entered into the system for 
checking and/or updating purposes. 
Thus far, the description has related to the entry and display 

of alphabetic characters and numerical numbers on the dis 
play device 13. It is often desirous to display decimal points 
and other punctuation symbols such as commas. A decimal 
point selector switch 209 is located on the display control 
keyboard 37 which enables the operator to specify the loca 
tion of the decimal point, Decimal points are located auto 
matically to the left of the cursor tab location according to the 
setting of the decimal point selection switch. When in scratch 
pad mode, they are located to the left of the rightmost storage 
position of the fixed field scratch pad storage registers accord 
ing to the setting of the switch. The operator is required to key 
a decimal key located on the alphabetic and numeric 
keyboard 27 when entering fractional numbers. If all of the 
decimal positions to the right of the decimal point are not 
keyed (implicit zeros the system automatically aligns the 
decimal points according to the setting of the decimal point 
selection switch and adds the necessary zeros Commas are au 
tomatically placed at every third position to the left of the 
decimal point once the decimal point key is keyed in a well 
known manner. 
An additional means of controlling the decimal point loca 

tion, which is especially applicable to both the scratch pad 
mode of operation and the worksheet mode of operation of 
the present system, is described in U.S. Pat. No. 3,391,391, 
entitled "Computation With Variable Fractional Point 
Readout," and assigned to the assignee of the present inven 
tion. Therein, the various registers are adapted to store nu 
merical information in their relatively ordered storage loca 
tions and also are adapted to store the decimal point indica 
tion in any of the storage locations. The arithmetic unit per 
forms the arithmetic operations of multiplication, division, ad 
dition and subtraction of two stored numbers and stores the 
result in a result register. Additional means are provided to ac 
cess the stored numbers, compute the proper decimal point lo 
cation of the resultant number in accordance with the 
arithmetic operation performed and to store the decimal point 
location in its proper relative position in the result register. 
Display means thereafter display the contents of the register 
with the fractional point in its proper relative position. 

OPERATION OF THE INVENTION 

The electronic statistical typing system operates in two 
basic modes of operation: worksheet mode and scratch pad 
mode. When in the worksheet mode, columns and rows of 
data are entered by the operator and displayed on a display 
device. The operator causes the data displayed to be moved 
about the display and also arithmetically manipulates the data 
displayed. In the scratch pad mode, the system is utilized as a 
desk calculator and the contents of various internal registers 
associated with an arithmetic unit are displayed thereby 
enabling the operator to arithmetically manipulate the data 
displayed. 

Referring now to FIG. 1 of the drawings, a perspective 
sketch of a typical operator's console when the system is in the 
worksheet mode is depicted. As thus depicted, the display 
device 13 is displaying information 17 arranged in a column 
and row format. The information on the display can be divided 
into three areas which are delineated by broken lines: the 
columnar identification area 19 containing alphabetic infor 
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mation identifying the columns, the row identification area 21 
containing alphabetic information identifying the rows, and a 
numerical entry area 23 containing the columns and rows of 
numerical entries. This information is entered into the system 
by operator manipulation of the alphabetic and numeric 
keyboard 27 or by an input/output device (not shown). 

Referring now to FIG. 2 of the drawings, a diagram of the 
keyboard 15 of the console 11, depicted in FIG. 1 is depicted. 
The keyboard 15 includes a mode control keyboard 33 which 
includes a toggle switch 45 utilized to place the system in 
either the worksheet mode of operation or the scratch pad 
mode. Additional submodes include an enter mode, a replace 
mode, and a calculate mode. Referring once again to FIG. 1 of 
the drawings, the alphabetic information in the columnar and 
row identification areas 19 and 21 respectively is inputed 
when in replace mode. When in replace mode, the cursor 31 
displayed on the display device 13 is located adjacent to the 
position on the display where the next keyed character will be 
displayed and advances by one position to the right when a 
character is keyed. When keying in the columnar headings, 
the operator define each column by setting tab stops. The 
setting of the tab stops defines the length of the numerical 
fields contained within the numerical entry area 23. Once the 
row headings and column headings have thus been entered, 
the numerical data is entered. The data is generally entered 
when in enter mode, this mode causing the cursor 31 to be 
located adjacent to the units position of a numerical field. Nu 
merical entry in this mode of operation is high order positions 
first, the numerical information being shifted to the left by one 
position with each new key entry. Numerical entries may also 
be made when in replace mode. 
When the operator has completed the entry phase of opera 

tion, the calculate mode of operation is next performed. Once 
the "calculate" keybutton on the arithmetic and control 
keyboard 25 is depressed, physical relocation of the displayed 
data and arithmetic manipulation of the displayed data can 
take place. This is done by operating with the keys on the cur 
sor control keyboard 29 to locate the cursor 31 at a field con 
trol position associated with each numerical entry and by 
operating the desired function keys on the arithmetic and con 
trol keyboard 25. During such data manipulation, it may be 
necessary to switch to the scratch pad mode of operation to 
perform a complex calculation. Data may readily be moved 
from the worksheet display to the scratch pad display and vice 
Versa. 
The nature of the cursor control permits a sweeping motion 

across a row or down a column. Combining this operation with 
arithmetic functions allows entire columns and rows to be 
manipulated at high speed. Additionally, functions performed 
under operator control for a specific column or row may be 
“learned' by the system and used to automatically perform 
similar operations on other columns or rows. This automatic 
mode provides even greater speed and operator simplicity. 

In the description which follows, it will be assumed that all 
of the information contained in the columnar identification 
area 19, the row identification area 21, and all of the entries 
within the columns and rows thus defined will have been 
previously entered and that it is desirous to obtain the totals of 
the various columns. Additionally, it will be assumed that it is 
desirous to make the system "learn' the totalizing operation 
as it is performed in one column and to thereafter automati 
cally perform the operation upon the depression of a single 
keybutton. 

Referring now to FIG. 2 of the drawings, the operator places 
the system in the calculate mode of operation by depressing 
the “calculate" key on the mode control keyboard 33. 
Thereafter, the operator manipulates the keys on the cursor 
control keyboard 29 to place the cursor adjacent to the first 
numerical entry in the first column. This can be done by 
manipulating the keybuttons 49 or by depressing the "return' 
keybutton causing the cursor to move to its leftmost position 
in the numerical entry area, depressing the "elevate' keybut 
ton causing the cursor to return to its uppermost position 
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24 
within the numerical entry area, and thereafter depressing the 
"tab" keybutton causing the cursor to advance to the control 
position of the first entry. Thereafter, the "learn program" 
keybutton on the program control keyboard 41 is depressed 
and the "program advance' keybutton is manipulated to 
select the desired program sequence. At this time the operator 
is ready to perform a sequence of arithmetic operations, dis 
play operations, and cursor motion operations in order to total 
the first column of information. The "add" key on the 
arithmetic keyboard 35 is next depressed. The operator then 
causes the cursor to move down to the second numerical field 
in the column. Continuous cursor movement in a downward 
direction is effected until the last numerical entry in the 
column has been addressed. Thereafter, the operator releases 
the add key, moves the cursor downward, depresses the "un 
derscore' key on the display control keyboard 37 to effect the 
underscoring under the last numerical entry and thereafter 
depresses the "result display' key on the display keyboard 37 
to effect the display of the total under the underscore. 

Referring now to FIG. 3 of the drawings, it has been 
described how the operator has placed the cursor adjacent to 
the control position of the uppermost numerical field dis 
played on the display device 13. Each of the numerical fields 
thus displayed is stored in the worksheet storage unit 60. Lo 
cation of the cursor upon the display 13 adjacent to a 
character symbol as controlled by the address and cursor con 
trol unit 83 also causes that character to be addressed in the 
worksheet storage unit 60. Referring briefly to FIG. 4 of the 
drawings, a representation of typical numerical fields of infor 
mation within the worksheet storage unit 60 is depicted. Each 
such field 69 of information is defined by tap stops and con 
sists of a numerical entry portion 75 containing a number of 
data characters and a sign and control portion 77. By locating 
the cursor symbol graphically depicted at 80 adjacent to the 
control position of the field (in actuality, addressing the con 
trol position of the field) when in the calculate mode, 
arithmetic operations may thereafter be performed on the 
data contained in the numerical portion 75 of the field 69. 

Referring now to FIG. 3 of the drawings, the above listed 
sequence of operations will be described with respect to the 
block diagram of the system. When the operator depresses the 
add key on the arithmetic and control keyboard 25, the con 
tents of the topmost numerical field addressed by the cursor in 
the worksheet storage unit 60 are gated into the memory re 
gister 185 and thence into the entry register 187. Thereafter, 
the contents of the entry register 187 are added to the con 
tents of the result register (which is clear) by the arithmetic 
and logic unit 193 and the result is thereafter stored in the 
result register 189. Additionally, the output signal generated 
from the depression of the "add" keybutton is transmitted to 
the encode/decode circuit 205 which provides a signal output 
to the program store register 203 in the form of a coded 
representation representative of an add operation. The con 
tents of the program store register 203 are thereafter gated 
into the program storage unit 199 under the control of the ad 
dress and control unit 201. Thereafter, the operator causes the 
cursor to move in a downward direction and keeps the "add" 
key depressed. When the cursor reaches the control position 
of the second numerical entry in the first column, that numeri 
cal entry is gated into the memory register 185 under the con 
trol of the address and cursor control unit 83. Since the add 
key is depressed at this time, the contents of the memory re 
gister 185 are gated into the entry register 187 and thereafter, 
the contents of the entry register 187 are added to the con 
tents of the result register 189 by the arithmetic and logic unit 
193 and the result of the arithmetic calculation is stored in the 
result register 189. Additionally, the instruction to move the 
cursor in a downward direction is transmitted to the en 
code/decode unit 205 and thence to the program store register 
203 and the program storage unit 199. Thereafter, the en 
code/decode circuit 205 is again responsive to the depressed 
"add" key to cause the storage of an indication of an add 
operation. It should be noted at this time that a continuous 
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depression of the add key, the subtract key, or the multiply 
key causes that function to be repeated whenever the cursor is 
moved to the control position of a new field. The cursor is 
continued to be moved in a downward direction through the 
control positions of the numerical entries within the column of 
information. When it arrives at each new control position, it 
causes the contents of the field thus addressed to be added to 
the contents of the result register 189 and a representation of 
both the cursor motion and the operation to be stored in the 
program storage unit 199. 

Referring now to FIG. 11 of the drawings, a singular pro 
gram sequence within the program storage unit 199 of FIG. 3 
is depicted. The program sequence 211 consists of a plurality 
of 64 discrete storage locations 213, each location storing a 
coded representation of a control function or cursor motion 
function. When totaling the leftmost column of numerical en 
tries depicted in FIG. 1, it has been described that the "add" 
key is continuously depressed and thereafter, the cursor is 
moved downward through each of the nine columns of infor 
mation. As can be appreciated, it would also be possible to dis 
cretely depress the singular program sequence within the pro 
gram storage unit 199 of FIG. 3 is depicted. The program 
sequence 21 1 consists of a plurality of 64 discrete storage lo 
cations 213, each location storing a coded representation of a 
control function or cursor motion function. When totaling the 
leftmost column of numerical entries depicted in FIG. 1, it has 
been described that the "add" key is continuously depressed 
and thereafter, the cursor is moved downward through each of 
the nine columns of information. As can be appreciated, it 
would also be possible to discretely depress the "add" key on 
nine different occasions, and between each such depression of 
the "add" key, depress the cursor down key. In either in 
stance, nine add instructions are stored interleaved with nine 
cursor down instructions, 

Referring once again to FIG. 3 of the drawings, when the 
complete column of information has been totaled, it is 
desirous to display the total under the column and to locate a 
line between the total and between the columnar information. 
The operator moves the cursor downward to the location 
where it is desired to effect the display of the total and 
depresses the "underscore" key on the arithmetic control 
keyboard 25. Depression of the "underscore" key causes an 
underscore to be displayed above the numerical entry of the 
field addressed. Thereafter, the operator depresses the "result 
display" key which causes the contents of the result register 
189 to be gated into the memory register 185 and thence into 
the worksheet storage unit 60 at the location specified by the 
cursor. The result register 189 is cleared during this operation. 
The operator may then depress the "program end" keybutton 
on the arithmetic and control keyboard 25 and thereafter 
reposition the cursor to the control position of the second 
column of information. Thereafter, the operator depresses the 
"repeat program' keybutton to effect the automatic totaling 
of the second column and the display of the total by the 
system. When the "repeat program' keybutton is thus 
depressed, the program sequence as depicted in FIG. 11 is 
sequentially gated from the program storage unit 199 to the 
program store register 203. Thereafter, the contents of each 
instruction character thus stored in the program store register 
203 is decoded by the encodefdecode circuit 205. Cursor 
movement instructions are transmitted to the address and cur 
sor control unit 83 while arithmetic and control functions are 
transmitted to the arithmetic logic unit 193. In this manner, 
the device is sequentially stepped through each of the steps 
previously performed by the operator under the complete 
control of the system. When the total of the second column is 
displayed, the system stops and the operator thereafter reposi 
tions the cursor to the topmost position of the third column 
and again depresses the program repeat keybutton. It should 
be noted at this time that after depressing the result display 
have repositioned keybutton, the operator could have reposi 
tioned the cursor to the second column and stored the cursor 
motions utilized to effect such a repositioning. With this infor 
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26 
mation thus stored, it would be unnecessary for the operator 
to reposition the cursor in between depressions of the program 
repeat keybutton. Cross-totals may be calculated in a similar 
manner by utilizing the "tab" key on the cursor control 
keyboard 29 in lieu of the cursor down key as down key as 
described above. 
Once the columns and rows of information have thus been 

totaled, and cross-totalled, the operator may desire to manipu 
late various entries to compensate for roundoff errors or to ar 
rive at proper results. Thereafter, the columns and rows may 
be retotalled again by merely addressing the proper program 
sequence and depressing the program repeat keybutton. Once 
the worksheet is in its desired form, the operator depresses the 
"output' keybutton on the control keyboard 25 which effects 
the sequential reading out of the work sheet storage unit 60 
into the memory register 185 and thence to the output unit of 
the input/output device 207. 
While the above description has related primarily to the dis 

play of data information on a cathode ray tube, it is un 
derstood by those skilled in the art that various forms of elec 
tronic display devices such as gas panel displays can be util 
ized without departing from the spirit and scope of this inven 
tion. Additionally, a single CRT display which is utilized to 
display two different storages has been described although two 
such display units could be provided, one to display the 
worksheet storage unit and the other to display the scratch 
pad storage unit. The description has also related to a system 
utilizing a cartesian coordinate system to define the motion of 
the marker symbol (cursor). Other coordinate systems could 
be utilized in lieu of the cartesian system to define the cursor 
motion and/or the entries could be arranged in a different 
geometrical pattern. For example, a polar coordinate system 
could be utilized in conjunction with the row and column dis 
play or in conjunction with a display of entries arranged in a 
circular pattern. It is further recognized by those skilled in the 
art that the electronic statistical typing system of the present 
invention could consist of a console similar to that described 
with respect to FIG 1, and a remote data processor func. 
tionally arranged in a manner similar to that shown with 
respect to FIG. 3. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment thereof, 
it should be understood by those skilled in the art that the 
foregoing and other changes in form and detail may be made 
therein without departing from the spirit and scope of the in 
vention, 
What is claimed is: 
1. A display calculator comprising: 
a first plurality of registers each for receiving sequences of 
coded signals representing numerical entries, 

manually operable addressing means for addressing one of 
said first plurality of registers; 

a second plurality of registers each for receiving sequences 
of coded signals representing numerical entries; 

manually selectable register defining means for defining the 
field length of each of said second plurality of registers; 

display means responsive to signals stored in said first plu 
rality of registers when in a first mode of operation for 
displaying a plurality of the numerical entries contained 
in said first plurality of registers and responsive to signals 
stored in said second plurality of registers when in a 
second mode of operation for displaying a plurality of nu 
merical entries stored in said second plurality of registers; 

visual marking means operatively connected to the display 
means in said second mode of operation for visually 
selecting one of said displayed plurality of numerical en 
tries and for providing an output signal identifying the re 
gister containing the selected entry; 

access means responsive to machine conditions designating 
an arithmetic operation for accessing said register 
identified by the visual marking means when in a second 
mode of operation and for accessing the register 
identified by the manually operable addressing means 
when in said first mode of operation; 
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arithmetic means responsive to said access means for per 
forming an arithmetic operation on each numerical entry 
contained in the registers accessed by the accessing 
neas, 

manually selectable initiation means for supplying signals to 5 
the access means and to the arithmetic means to 
designate the arithmetic operation to be performed by the 
arithmetic means on the numerical entry of the accessed 
registers. 

2. The display calculator set forth in claim 1 further com- 10 
prising: 

data entry means for supplying a sequence of coded signals 
representative of a numerical entry; 

said access means being further responsive to machine con 
ditions designating said first mode of operation for 15 
operably connecting the data entry means to the register 
identified by the manually operable addressing means 
and, 

being further responsive to machine conditions designating 
said second mode of operation for operably connecting 20 
the data entry means to the register identified by the 
visual marking means. 

3. The display calculator set forth in claim 1 further com 
prising: 
output means responsive to the coded signals stored in said 25 

second plurality of registers and to output initiation 
means for recording signals representative of said numeri 
cal entries onto permanent media. 

4. An electronic display calculator comprising: 
storage means for receiving combinations of coded signals, 30 

each said coded signal representing an alphabetic or nu 
meric character, 

register defining means for defining a plurality of registers 
within said storage means, each such register storing a nu 
merical entry consisting of one or more numeric charac- 35 
ters, 

said register defining means further defining a geometrical 
arrangement of the numerical entries into a plurality of 
rows and columns of numerical entries, 

said register defining means further defining a geometrical 40 
relationship between the rows and columns of numerical 
entries and alphabetic characters uniquely related to each 
such row and column of numerical entries; 

display means responsive to the coded signals stored in said 
storage means and to the register defining means for dis- 4.5 
playing a portion of the plurality of numerical entries in 
said storage means in said row and column relationship, 
said display means further displaying the portion of 
alphabetic information corresponding to each row and 
column of numerical entries thus displayed; 50 

visual marking means operably coupled to the display 
means for visually selecting a unique one of the displayed 
plurality of numerical entries and for providing an output 
signal identifying the register containing the selected 
entry; 55 

boundary defining means for defining the registers dis 
played by said display means; and 

scan window shifting means responsive to the output signal 
of the visual marking means and to the boundary defining 
means for shifting the information displayed on said dis- 60 
play means when a predetermined relationship exists 
between a position of visual marking means and the dis 
played information. 

5. The electronic display calculator set forth in claim 4 
further comprising: 65 

manually operable means for defining an arithmetic opera 
tion to be performed; 

arithmetic means responsive to the output signals of the 
visual marking means and to the manually operable 
means for performing the arithmetic operation defined by 70 
the manually operable means upon the selected numeri 
cal entry contained in the identified register. 

6. An electronic data processing machine comprising: 
a plurality of registers each adapted to receive sequences of 
coded signals representing numerical entries; 75 

28 
manually selectable register defining means for defining the 

field length of each register, 
display means responsive to the coded signals for displaying 

a plurality of said numerical entries; 
visual marking means operably coupled to the display 
means for visually selecting one of said displayed plurality 
of numerical entries and for providing an output signal in 
dicating the register containing the selected entry; 

access means responsive to machine conditions designating 
an arithmetic operation to access said register identified 
by said visual marking means; 

arithmetic means responsive to said access means for per 
forming an arithmetic operation on the numerical entry 
contained in the register accessed by said access means; 

manually selectable initiation means for supplying signals to 
said access means and to said arithmetic means to 
designate the arithmetic operation to be performed by 
said arithmetic means upon the numerical entry con 
tained in said accessed register. 

7. An electronic display calculator comprising: 
data entry means for supplying a sequence of coded signals 

representative of register defining instructions and 
representative of numerical quantities, 

storage means responsive to said data entry means for stor 
ing said sequence of coded signals representative of nu 
merical quantities; 

register defining means responsive to coded signals 
representative of register defining instructions for defin 
ing a plurality of registers within said storage means, each 
such register storing a numerical entry consisting of one 
or more numerical quantities, 

said register defining means further defining a geometrical 
arrangement of said numerical entries in accordance with 
a predetermined coordinate system; 

display means responsive to the coded signals and to the re 
gister defining means for displaying a plurality of said nu 
merical entries in said geometrical arrangement; 

visual marking means operably coupled to the display 
means for visually selecting one of said displayed plurality 
of numerical entries and for providing an output signal 
identifying the register containing the selected entry; 

manually operable means for defining an arithmetic opera 
tion to be performed; 

arithmetic means responsive to said output signals of the 
visual marking means and to the manually operable 
means for performing the arithmetic operation defined by 
the manually operable means on the selected numerical 
entry contained in the identified register. 

8. The electronic display calculator set forth in claim 7 
wherein said storage means is responsive to the output signal 
of the visual marking means for storing said coded signals in 
the identified register. 

9. The electronic display calculator set forth in claim 7 
further comprising: 

alphabetic entry means for supplying a second sequence of 
coded signals representative of alphabetic information; 

said storage means further being responsive to said 
alphabetic entry for storing combinations of coded 
signals, each such combination representing an 
alphabetic character; 

said register defining means further defining a geometrical 
relationship of the numerical entries and the alphabetic 
character representations; 

said display means further being responsive to the signal 
combinations representing the alphabetic characters and 
to the register defining means for displaying said 
alphabetic characters in said geometrical relationship; 

said visual marking means further selecting a unique one of 
said signal combinations representing an alphabetic 
character and for providing an output signal identifying 
the storage location of said signal combinations. 

10. An electronic display calculator comprising: 
storage means for storing combinations of coded signals, 
each such combination representing a numerical quanti 



3,610,902 
29 30 

register defining means for defining a plurality of registers tation of said operation in its proper sequential relation 
within said storage means, each such register storing a nu- ship with said sequence of visual marking means motion 
merical entry consisting of one or more numerical quanti- and arithmetic operations. 
ties, 12. The electronic display calculator set forth in claim 10 

said register defining means further defining a geometrical 5 wherein said geometric arrangement defined by the register 
arrangement of said numerical entries in accordance with defining means consists of a plurality of rows and columns of 
a predetermined coordinate system; numerical entries; 

display means responsive to the coded signals and to the re- wherein said coordinate system is a cartesian coordinate 
gister defining means for displaying a plurality of said nu- system, 
merical entries in said geometrical arrangement; 10 wherein said visual marking means being movable only in a 

movable visual marking means operably coupled to the dis- coordinate direction from one entry to an adjacent entry, 
play means for visually selecting one of said displayed wherein said motion defining means provides an output 

signal for each movement of the visual marking means 
from one entry to an a adjacent entry in accordance with 

5 the direction of the motion and, 

plurality of numerical entries and for providing an output 
signal identifying the register containing the selected 
entry; 

defining means for defining an arithmetic operation to be wherein said program means stores a representation of each 
performed; output signal of said motion defining means. 

13. A method of performing repetitive arithmetic opera 
tions by a calculator wherein each of a plurality of numerical 

20 entries are stored in corresponding data fields in coded form 
and visually displayed on a display device and wherein the 
data fields containing each such numerical entry can be 
uniquely identified to the calculator with a visual identifica 

arithmetic means responsive to said output signals of the 
visual marking means and to the defining means for per 
forming the arithmetic operation defined by the defining 
means on the selected numerical entry contained in the 
register identified by the output signal of the visual mark 
ing means, tion means associated with the display device and wherein the 

motion defining means responsive to the movement of the 25 calculator has means associated therewith for defining and in 
visual marking means from a first visually selected numer- itiating an arithmetic operation, said calculator further having 
ical entry to a second visually selected numerical entry associated therewith actuable program storage means for stor 
for defining the movement of the marking means in ac- ing a sequence of the motions of said visual identification 
cordance with said predetermined coordinate system and means and of the arithmetic operations defined and initiated 
in accordance with the number of numerical entries 30 and for effecting the automatic operation of the calculator in 
traversed during said movement; accordance with the stored program comprising the steps of: 

program means responsive to the arithmetic means and to actuating said program storage means to store said 
the motion defining means for storing a representation of sequence; 
a sequence of visual marking means motions and visually identifying one of said displayed numerical entries 
arithmetic operations in said storage means; 35 with said visual identification means, said identified nu 

sequencing means responsive to said programming means merical entry to be utilized as a first arithmetic operand; 
for automatically repeating said sequence on additional moving said visual identification means to a second one of 
numerical entries contained in said storage means. said displayed plurality of numerical entries; 

11. The electronic display calculator set forth in claim 10 visually identifying said second one of said displayed numer 
further comprising: 40 ical entries with said visual identification means, said nu 

manually operable display initiation means for supplying merical entry to be utilized as a second arithmetic 
output signals for effecting the display of the result of the operand; 
arithmetic operations and defining and initiating an arithmetic operation on said first 

wherein said arithmetic means is responsive to the output and said second operands, 
signals of the display initiation means for storing the 45 moving said visual identification means to a third one of said 
results of the arithmetic operation in coded form in the displayed plurality of entries; 
register identified by the visual marking means when the actuating said program storage means to automatically 
display initiation means is operated; and operate said calculator in accordance with said stored 

wherein said program means is responsive to the operation sequence of motions and arithmetic operations. 
of said display initiation means to store a coded represen- 50 
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