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- Example Inequality
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Isn’t this already solved? Correct Graph of y=Arctan(tan(x))
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There are many utilities for doing this:
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Floating-Point Arithmetic

Many graphing programs use floating-point 1
arithmetic to evaluate formulae

‘| Connect-the-Dots Graphing ’ - Connect-the-Dots Graphing

" Problems: !  Fundamental Problem:
| = Not all dots should be connected | © We haven’t defined the graph’s semantics

- Dots may be far from the curve |

Graph Semantics Example Equation
A pixel is:

Yellow U Solution Exists




Example Inequality Example Inequality

Unfortunate Reality Practical Graph Semantics

This naive goal is impossible since A pixel is:
graphing, as formalized, is not computable
Yellow b Solution Exists
E— [0 Soluti X1
- Redbp Maybe, Maybe Not
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A pixel is: A pixel is:
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Practical Graph-Semantics

= pixelis:
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Practical Graph Semantics
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Practical Graph-Semantics

A pixelis:

Yellow b Solution Exists
B = = .
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Practical Graph Semantics
A pixel is:
Yellow b Solution Exists

[0 Soluti X1
Red b Maybe, Maybe Not

Reliable Graphing

We now have a well-defined problem

But how do we evaluate formulae?




Formula Evaluation Interval Arithmetic

Use interval arithmetic to evaluate formulae Compute using lower and upper bounds
—  Interval arithmetic provides guaranteed | a1.00,1.00f, &3.00,3.00n® &0.333,0.334A
~bounds on accuracy | 0.334f° 00A® 01A

Interval Comparisons Interval Comparisons

x+y21_[2.13,2.15] x+y2 | [2.13.2.16]
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_ 213 2.14 2.15 2.16

SX+y2<y? Yes. S X+y2<y? Maybe

Domain Tracking Domain Tracking
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Iterative Graphing Algorithm
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Iterative Graphing Algorithm

Begin with a solid red display

.~ Keep a list of uncertain regions
Evaluate uncertain regions,

~coloring and subdividing as appropriate |

-~ coloring and subdividing as appropriate

Pixel Boundaries

True pixel boundaries may not be
— floating-point numbers

Iterative Graphing Algorithm

Begin with asolid red display
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Iterative Graphing Algorithm

Begin with a solid red display

_~ Keep a list of uncertain regions
Evaluate uncertain regions,

—coloring and subdividing as appropriate

Example Inequality

~ (cosysinx-cosx)(cosxsiny-cosy)>0




- Example Inequality

| Correct Graph of y=Arctan(tan(x)) ’
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—Interval Arithmetic

Interval Sets

Correct Graph of y=Arctan(tan(x))
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- Continuity Tracking

/continuous: yes
s ——————h—

0334 033 |

--Finding Solutions on Curves

y-continuous: yes
Arctantanx continyous: yes

~ |Continuity Tracking

well-defined: yes

—Finding Solutions on Curves

y-continuous: yes
Arctantanx continupus: yes

y3 Arctanta _ y Arctantanx

Correct Graph of y=Arctan(tan(x))
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Example Equation

|xcosx+ysin = xcosy-ysinx |
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Example Inequality

Conclusion

Most graphing programs are not reliable
Reliable graphing programs do exist (GrafEq)

Red pixels are useful

——Becareful when using interval arithmetic

Keeping track of the mathematical properties of
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Example Inequality

Future Work

Use other colors besides red
Display topological information

Tackle a larger class of formulae
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GrafEq:
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“Example Inequality

‘| Correct Graph of y=Arctan(tan(x)) ’
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