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57 ABSTRACT 
A compact calculator includes a matrix type display 
unit and executes a graphic representation of a func 
tional formula. When both the functional formula and 
an integral range are inputted as information about a 
definite integral, a judgement is done whether or not an 
X-value increased while forming a graphic representa 
tion is located with the integral range. If this X-value is 
present within the integral range, then the pixels from 
the coordinate point (X,Y) to an X-axis are turned on. 
Thus, the integral range is graphically represented 
under the above-described process operation. 
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Graph X3+15X2+66X+80, -7, - 4 
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COMPACT ELECTRONIC CALCULATOR 
EQUIPPED WITH GRAPHIC DISPLAY 

FUNCTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to a calcula 

tor equipped with a graphic representation function. 
More specifically, the present invention is directed to a 
compact electronic calculator capable of displaying 
graphic results obtained by calculating an integral, e.g., 
a definite integral. 

2. Related Art of the Invention 
In the conventional compact electronic calculator 

equipped with an integral calculating function, only 
calculations of integrals are available. The integral cal 
culation is performed by entering a functional formula 
for the integral calculation in a functional region 
thereof, and the result of this integral calculation is 
displayed as a numeral value. 

Accordingly, there is such a drawback of the above 
described conventional calculator that no visual recog 
inition can be done in what variation of the function the 
integral is calculated, or which range the integral is 
defined unless the calculation results are graphically 
represented. 
On the other hand, another compact electronic calcu 

lator is commercially available, which graphically rep 
resents inputted formulae with employment of a dotma 
trix type display panel. However, this conventional 
electronic calculator can graphically represent func 
tions, but cannot display an integral range of a definite 
integral. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an electronic calculator capable of graphically 
displaying a function to be integral-calculated, while a 
definite integral is calculated, and also capable of 
clearly representing an integral range. 
A compact calculator, according to the present in 

vention, comprises: 
display means, having a dot-matrix type display 

panel, for graphically displaying functional formula; 
display range data storage means for storing values of 

"Xmin", "Xmax", "Ymin' and "Ynax' corresponding to a 
represention range of a graph displayed on said display 
means; 

input means for inputting a functional formula and an 
integral image corresponding to a definite integral; 

formula storage means for storing the functional for 
mula entered by the input means; 

integral range storage means for storing the integral 
range inputted by the input means; 
AX-determining means for determining a variation 

amount AX corresponding to 1 dot of said display panel 
along an X-direction based upon the values of "Xin' 
and "Xmax' stored in the display range data storage 
means; 

X-value storage means for storing an X-value given 
to the functional formula stored in the formula storage 
means; 
adding means for adding said X-value with a AX 

value and for inputting an addition result between them 
into the X-value storage means, said adding operation 
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being executed while the X-value exist between "Xnin' 
and "Xmax'; 

Y-value calculating means for substituting the X 
value to the functional formula and for calculating a Y 
value, every time the X-value stored in said X-value 
storage means is added by AX value; 

designating means for designating a dot on the dis 
play panel corresponding to said X-value and Y-value in 
order to turn on the dot; 
judging means for judging whether or not said X 

value is located within the integral range stored in said 
integral range storage means; and, 
drawing means for turning on the dots of the display 

panel between the dot designated by the designating 
means and the X-axis in case that said judging means 
judges that the X-value is present within the integral 
range. 

BRIEF DESCRIPTION OF THE ORAWINGS 

FIG. 1 is a schematic block diagram for showing an 
entire arrangement of a calculator according to a pre 
ferred embodiment of the present invention; 
FIGS. 2 and 2B represent display conditions of the 

calculator shown in FIG. 1; 
FIG. 3 is a flow chart for explaining a normal integral 

calculation; 
FIG. 4 is a flow chart for explaining a graphic repre 

sentation operation; and, 
FIG. 5 is a flow chart for explaining a lighting opera 

tion for an integral region. 
DETALED DESCRIPTION OF THE 

INVENTION 

Circuit Arrangement of Calculation 
FIG. 1 shows a circuit arrangement of an electronic 

compact calculator according to a preferred embodi 
ment of the present invention. In FIG. 1, reference 
numeral 1 indicates a key input unit. The key input unit 

40 1 is equipped with a data entry key 1a containing a 
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numeral entry key, a calculation key and the like; a 
graph/integral key "G-dx' 1b for inputting functional 
formula covering an integral and for transferring this 
functional formula to a mode for graphic representa 
tion; and, a graph/test key "G -1dT' for charging a 
graph indicative of an integral region and an integral 
formula in an alternate mode for display purposes. 
A control unit 2 is employed in the calculator shown 

in FIG. 1, so as to control operations of various circuits 
provided within this calculator. Furthermore, an input 
buffer 3 is employed to temporarily store numeral val 
ues and formulae and the like which have been entered 
via the key input unit 1, and also to transfer them as key 
input data to a memory 4 and a calculation unit 5 (will 
be discussed later). 
The memory 4 is arranged by, for instance, a RAM 

(random access memory). This memory 4 is constructed 
of an X register 4a for storing a coordinate value OX); a 
Y register 4b for storing a coordinate value (Y); an Xin 
register 4c, an Xmax register 4d, a Ynin register 4e and a 
Ynax register 4f for storing a display range of a graphic 
representation; 'a' register 4g for storing a definate 
integral lower end data, "b" register 4h for storing a 
definite integral upper end data and a definite integral 
value register 4i for storing a result of a definite integral; 
an (x,y) register 4i for storing (x,y) indicative of a dis 
play dot position on a display screen; and a formula 
storage register 4k. The data stored in the respective 
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registers are transferred in response to an instruction 
issued from the control unit 2, to calculation unit 5 and 
a display buffer 6. 
The calculation unit 5 executes various sorts of calcu 

lating processes, and sends a calculation result to dis 
play buffer 6 and the memory 4. The display buffer 6 is 
constructed of a graphic display buffer 6a and a test 
display buffer 6b. The graphic display buffer 6a stores 
display data about a graphic representation, whereas the 
text display buffer 6b temporarily stores a functional 
formula, a definite integral range, or an integral value. 
Then, the data which has been stored in this display 
buffer 6, is displayed on a display unit 7 in accordance 
with an instruction issued from the control unit 2. The 
display unit 7 is constructed of, for instance, a liquid 
crystal display having a dot matrix of 64 dots (longitudi 
nal direction) and 96 dots (lateral direction). That is, this 
display unit 7 is arranged by a definite integral value 
display sectoin 7a (see FIG. 2B) having a small dot 
matrix with 8 dots (Y-direction) and 96 dots (X-direc 
tion); and a graphic representation section 7b having a 
small dot matrix with 56 dots (Y-direction) and 96 dots 
(X-direction). 

Integral Calculation 
Referring now to FIGS. 2 and 3, various integral 

calculations by the compact calculator according to the 
preferred embodiment of the present invention will be 
described. 
As an initial operation, the compact calculator is set 

to an input mode of an integral formula by depressing 
the graph/integral key 1b mounted on the key input unit 
1 (see a step All of FIG. 3). Subsequently, as represented 
in FIG. 2A, an integral formula is entered with employ 
ment of the data input key 1a at a step A2. 

It should be understood that an integral formula im 
plies such a formula essentially consisting of a function 
Y=f(x), lower end data "a' which defines an integral 
range while calculating a definite integral, and upper 
end data "b" for defining the same integral range. A " 
code is inputted inbetween these items so as to segment 
this integral formula. In response to instructions from 
the control unit 2, the lower data is stored into the 'a' 
register 4g of the memory 4, the upper data is stored 
into the "b" register 4.h, and also the functional formula 
is stored into the formula register 4k. 

After the integral formula has been entered, the cal 
culator is brought into a waiting condition of an opera 
tion of the execution key 1c at a step A3. Then, when 
the key 1c ie operated, a definite calculation is executed 
in accordance with an integral format in the calculation 
unit 5 at a step A4. It is assumed in this preferred em 
bodiment that an entered functional formula Y=f(x) is 
given by: 

f(x)=X-15X2+66X-80 (1) 
Also, another assumption is made of the lower end data 
"a' and the upper end data "b', by which the definite 
integral range of this functional formula (1) is defined, 
as follows: 

a = -7 
b = -4 

Thus, this definite integral is calculated as follows: 

O 

15 

20 

25 

35 

40 

45 

50 

55 

65 

4. 

-4 (2) 
? (X -- 15X + 66X + 80).dx 
-7 

As a result, "9.75” is obtained as the value of the definite 
integral. Then, this value "9.75” is stored in the definite 
integral value register 4i of the memory 4, and as shown 
in FIG. 2A, is displayed on display section 7a for a 
definite integral value employed at the lower portion of 
the display unit 7 at a step A5. Also, in addition to this 
value of the definite integral, a graphic representation of 
the functional formula Y=f(x) is made at graphic dis 
play section 7b provided at an upper portion of the 
display unit 7 together with an integral region defined 
by the functional formula at a step A6. 

Integral Graphic Representation 
With reference to a flow chart shown in FIG. 4, the 

above-explained graphic representing process will now 
be described more in detail. 
The below-mentioned two formulae correspond to 

formulae for transforming a coordinate (X,Y) into val 
ues (x,y) of a display dot position on the graphic repre 
sentation section 7b. That is, the first formula (3) indi 
cates that a dot corresponding to the X value on the 
display screen of the display unit 7 is present at an x-th 
dot of the graphic representation section 7b from the 
leftmost dot. Also, the formula (4) represents that a dot 
corresponding to the Y value is present at a y-th dot of 
the graphic representation 7b from the lower end dot: 

( - i)(M - 1) 
an amas - 1 max - min 

(3) 

(where M = 96) 

- C miny - ) 
max - nin 

(4) 
y 

(where N = 56) 

In the above-described formulae, symbol "M" de 
notes the number of dots employed in the graphic repre 
sentation section 7b along the X-direction and corre 
sponds to 96, whereas symbol "N" indicates the number 
of dots thereof along the Y-direction and corresponds 
to 56. It should be noted that since the values (x,y) of 
the display dot position are not always obtained as inte 
ger values, a process is needed for calculating these 
values (x,y) so as to transform integer values thereof. 
At a first step B1 of FIG. 4, both position data of an 

X-coordinate axis and a Y-coordinate axis are calcu 
lated with employment of the above-described formulae 
(3) and (4), and then the axes are displayed. In accor 
dance with this preferred embodiment, since Y=0, 
Ynin=-18, and Ynax-22, the X coordinate axis is 
obtained based upon the above-defined formula (4): 

y=25.75. 
When this value is expressed by way of an integer, "y" 
is equal to 26 dots. In other words, based on this "y" 
value, when all dots which are 26-th dot from the lower 
end dot of the graphic display section 7b are displayed, 
this line corresponds to the x axis for the coordinate. 

Subsequently, to obtain or calculate the Y axis, when 
"X" is calculated by substituting the formula (3) by 
X=0, Xmin = - 12, and Xmax=3, a calculation result is 
obtained as follows: 
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X=77 dots. 

Accordingly, when all dots which are 77-th dot from 
the left end of the graphic display section 7b are dis 
played in accordance with the value of this 'x'', this line 
corresponds to the desirable Y axis (see a step B2). 

It is apparent from the foregoing description that 
these numeral values such as x=77 and y=26 may be 
varied, depending upon set values of the display range 
data. 

After the process for representing both of the X coor 
dinate axis and the Y coordinate axis has been com 
pleted, the process for graphically displaying the func 
tional formula Y=f(x) will now be executed. At a first 
stage, the value of Xinin is stored into the X register 4a 
(step B3) so as to set the X value to the Xin. Then, this 
X-value is applied into the functional formula f(x) of the 
formula register 4k at a step B4, and thus, the value of 
this functional formula f(x) is calculated by the calcula 
tion unit 5 at a step B5. Then, the value of this functional 
formula f(x) is stored into the Y register 4b at a step B6. 
As previously described, the coordinate values (X,Y) 

are obtained. Thereafter, these coordinate values are 
transformed into display positions (x,y) at the subse 
quent step B7. This transformation process is carried 
out in a similar manner to the previous transformation 
process for transforming the coordinate axis X and Y 
into the values (x,y) of display position, based upon the 
formulae (3) and (4). The calculation results of (x,y) are 
stored into the (x,y) register 4j. In this preferred em 
bodiment, as shown in the formula (1), the functional 
formula f(x) is expressed by: 

f(x)=X+15X2+66X+80 (5) 

Assuming now that the functional formula f(x) is 
substituted by X= - 12(Xmin), the following calculation 
result is obtained: 

f(x)= -280 (6). 

Then, if a dot position (x,y) corresponding to the coor 
dinate value (x,y) = (-12, -280) is calculated based on 
the previous formulae (3) and (4), the dot position (x,y) 
is obtained as follows: 

(x,y)=(1, -359). 

In other words, this dot position (x,y) indicates such 
a dot position at a first dot from the left end dot of the 
graphic display section 7b along the X-axis direction, 
and also at a -359th dot from the lower end dot of this 
display section 7b along the Y-axis direction. At a next 
step B8, a judgement is made whether or not this dot 
position (x,y) is present within the display range. 

If the dot position is located outside 1sys56, then 
the process operation is advanced from this step B8 to a 
step B12. 
At this step B12, the value “X” is increased by AX. It 

should be noted that symbol "AX" indicates a variation 
amount of X having 1 dot along the X-axis direction, 
and a formula for calculating this variation amount is 
given by the following equation (7): 

(7) max - min 
Ax = - 
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6 
-continued 

(where M = 96) 

In this case, since Xnin=-12 and Xmax=3, this varia 
tion amount AX is given by: 

AXast0,1579 (8) 

Accordingly, the value CX-AX) is newly set to "X', 
and then is stored with the X register 4a. Now, since 
X=Xmin, namely - 12, the value is increased by 
AX, resulting in a new X: 

= -1.842 (9) 

At a subsequent step B13, a check is made whether or 
not the value X is smaller than Xina. As the value X is 
sufficiently smaller than Xna(=3), this judgement re 
sult becomes YES and therefore the process operation 
is returned to the previous step B4. 

Thus, the valueX is sequentially incremented and the 
value Y corresponding to a predetermined X is calcu 
lated. When a judgement is established that the dot 
position (x,y) is located within the display range, the 
process operation is advanced to a step B9. At the step 
B9, the dot which is indicated as (x,y) in the plot pro 
cess, is plotted, or lightened at a point as shown in 
FIG. 2B. Subsequently, the process operation is ad 
vanced to a step B10 at which a check is done whether 
or not the value X is located within the integral range. 
At this time, since the value X is present outside the 
range of a SX sb, this judgement result becomes NO. 
Then, the process operation is advanced to a step B12 at 
which the value X is incremented, and thereafter the 
process operation is advanced via a step B13 to process 
operations after the step B4. 
As previously explained, the dot plotting operation is 

successively carried out, so that a graph of the func 
tional formula Y=f(x) is drawn on the graphic repre 
sentation section 7b. Then, when the value X becomes 
x2a (CII)point of FIG. 2B), the judgement result be 
comes "YES" at the step B10 and the process operation 
is advanced to a step Bll. At this step Bll, such a process 
operation is executed that the dot position (x,y) is con 
nected to the X-axis at this stage, namely all of the dots 
existing between the dot position (x,y) and the X-axis 
are plotted, or lightened. This plotting operation to 
connect the dot point (x,y) and the X-axis will be dis 
cussed later more in detail. 

Thereafter, the value X is incremented at a step B12, 
and then the process operation is returned to the previ 
ous step at which another dot position (x,y) correspond 
ing to a new position (X,Y) is plotted. If this value "X" 
is located within the integral range, then this position 
(x,y) is connected with the X-axis. As previously stated, 
the above-described process operation is repeated 
within a range defined by a six Sb, whereby all of the 
dots present within the integral range are plotted on the 
display screen. Note that this representation is made by 
a hatching line. When the value X exceeds one integral 
range of "b', the process operation jumps over the step 
11, and therefore a graphic representation related to the 
functional formula Y=f(x) is drawn. Then, if the value 
X exceeds a certain value and the dot position (x,y) 
exceeds a point shown in FIG. 2B, the judgement 
result at the step B8 becomes "NO" and thus the pro 
cess operation also jumps over the step B9. Thereafter 
although the value X is successively incremented, no 
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such dot display process is carried out. If the value X 
exceeds the maximum value Xna, then the judgement 
result becomes NO at the step 13 and accordingly this 
process operation is ended. 

Connection Between Dot Position with X-Axis 

The process for connecting the dot position (x,y) 
with the X-axis will now be explained more in detail. 
As to this connecting process, differences may existin 

the connecting process, depending upon three condi 
tions. First, the dot position (x,y) is present in a positive 
region (y)0). Secondly, the dot position (x,y) is located 
within a negative region (YCO). Thirdly, the dot posi 
tion (x,y) is overlapped with the X-axis (Y=0). 
At a first step Cl of a flow chart as shown in FIG. 5, 

a judgement is done which condition, the dot position 
(x,y) belongs to. First, a description will now be made 
of such a case that the dot position (x,y) is present in the 
positive range (Y)0). Considering the dot point (x,y) at 
the point of FIG. 2B, if the judgement result is 
made by Y50 at the step C1, the process operation is 
advanced to a further step C2, at which a dot position 
(x, y-1) just under this dot point (x,y) on the functional 
formula y=f(x) is lightened. Then, in order to plot 
another dot just under the above dot position (x, y-1), 
the value "y" is decremented by 1 at a step C3, and the 
corresponding dots are successively plotted in this oper 
ation. This process operation is repeatedly performed 
under such condition that a judgement result of the step 
C4 satisfies y>A (A=26). In this case, symbol 'A' 
indicates the number of dots from the lower end of the 
graph display section 7b to the X-axis. Then, when 
Y= A, the judgement result becomes "NO" and there 
fore the process operation is completed. 
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As previously explained the graphic representationE. 35 
Y=f(x) is performed from the point to a point 
shown in FIG. 2B in the region defined by Ye O, while 
the value X is incremented, and also the above 
described process operation is carried out. However, in 
case that the X-axis is overlapped with the dot position 
(x,y), since this implies a cross point between the X-axis 
and the graph line, and also this dot point has been 
lightened, qfurther process operation is carried out at 
the point 

Next, a description is made of such a case that the dot 
position (x,y) is located within the negative region, i.e., 
Y <0. Consider now the point (V) shown in FIG. 2B. 
Assuming that this dot position is also equal to (x,y), 
another dot position (x, y + 1) just above the dot posi 
tion (x,y) is lightened at a step C5. Thereafter, in order 
to turn ON another dot positioned just above this dot 
position (x, y-1), the value "Y" is incremented by only 
1 at a step C6, during which the corresponding dots are 
succussively plotted. This plotting process operation is 
repeated as long as the condition of y <A (A=26) is 
satisfied which is judged at the step C6. Then, if y=A, 
then the judgement result becomes "NO" and therefore 
this plotting operation is completed. This process is 
carried gut from a point exceeding the point: to the 
point in combination with the graphic representa 
tion of the functional formula Y=f(x). 

In accordance with the above-explained three condi 
tions, the straight-shaped dots sandwiched by the 
graphic representation of the functional formula 
Y=f(x) and the X-axis, are plotted, or lightened within 
the definite integral range of as xsb. 

After such a functional formula of Y=f(x) has been 
graphically drawn, when the graph/test key 1d 
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8 
equipped with the key input unit 1 is operated, as shown 
in FIG. 2A, the display condition is changed from such 
a graphic representation into a representation of an 
integral formula, so that confirmation can be done as to 
the functional formula, or the functional formula can be 
reentered. 

It should be noted that although the plotting opera 
tion of the dots within the integral range has been per 
formed in combination with the graphic representation 
of Y=f(x) in the above-described preferred embodi 
ment, another method may be alternatively carried out. 
For instance, after a graphic representation, a definite 
integral range may be displayed. 
What is claimed is: 
1. A compact calculator comprising: 
display means, having a dot-matrix type display 

panel, for graphically displaying a functional for 
mula; 

display range data storage means for storing values of 
"Xmin', "Xma', "Ymin' and "Yna" correspond 
ing to a representation range of a graph displayed 
on said display means; 

input means for inputting a functional formula and an 
integral range corresponding to a definite integral; 

formula storage means for storing the functional for 
mula entered by the input means; 

integral range storage means for storing the integral 
range inputted by the input means; 

AX-determining means for determining a variation 
value AX corresponding to 1 dot of said display 
panel along an X-direction based upon the values 
of "Xmin' and "Xmas' stored in the display range 
data storage means; 

X-value storage means for storing an X-value given 
to the functional formula stored in the formula 
storage means; 

adding means for adding said X-value with said value 
AX to produce an addition result and for inputting 
said addition result into the X-value storage means, 
said adding operation being executed while the 
X-value is between "Xin' and "X'; 

Y-value calculating means for substituting the X 
value into the functional formula and for calculat 
ing a Y-value, every time the X-value stored in said 
X-value storage means is added by the value AX; 

designating means for designating a dot on the dis 
play panel corresponding to said X-value and Y 
value in order to turn on the dot; 

judging means for judging whether or not said X 
value is located within the integral range stored in 
said integral range storage means when said desig 
nating means designates a dot on the display panel; 
and 

drawing means for turning on the dots of the display 
panel between the dot designated by the designat 
ing means and the X-axis when said judging means 
judges that the X-value is present within the inte 
gral range. 

2. A compact calculator as claimed in claim 1, further 
comprising: 

calculating means for calculating a definite integral 
with respect to the inputted functional formula 
under an integral range; and, 

mean for displaying a result of the definite integral 
calculation calculated by said calculation means. 

3. A compact calculator as claimed in claim 1, further 
comprising: 
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means for changing a display condition between a 
display of information about the inputted definite 
integral and a graphic representation of the func 
tion which has been calculated in the integral mode 
on a display panel. 5 

4. A graph forming apparatus comprising: 
display means having a dot matrix type display panel, 

said display means having an X-Y coordinate on 
said display panel; 

display range data storage means for storing values of 10 
"Xmin', "Xmas' and "Ynax' corresponding to a 
representation range of a graph display don said 
display means; 

means for storing boundary data including two values 
of X1 and X2 so as to specify a range in an X-direc 
tion; 

graph forming means for forming a graph representa 
tive of a formula "y=f(x)' on said display panel, 
said graph forming means including means for 
increasing the value of said "x" in said formula at a 
predetermined pitch from the value "Xmin' to the 
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10 
value "Xmas", means for calculating the value of 
said f(x) in said formula every time said “x' is in 
creased by the predetermined pitch to produce a 
calculation result, and plotting means for plotting 
points which constitute the graph on the display 
panel based upon the calculation result; 

judging means for judging whether or not the point 
plotted by said plotting means is located within the 
specific range indicated by said boundary data; and 

control means for turning on the dots between the 
point plotted by said plotting means and an X-axis, 
when said judging means determines that the plot 
ted point is located within the specific range. 

5. A graph forming apparatus as claimed in claim 4, 
wherein said values of X and X2 stored in said bound 
ary data storage means correspond to an upper limit 
value and a lower limit value of the definite integral; 
said graph forming means graphically displays an inte 
gral function as f(x); and said control means turns on 
display pixels indicative of the integral range. 


