RPNTUTORIAL(L) rrdtool RPNTUDRIAL(1)

NAME
rpntutorial — Reading RRDtool RPN Expressions by&teader

DESCRIPTION

This tutorial should help you get to grips with RRDt&N expressions as seen @DEF arguments of
RRDtool graph.

Reading Comparison Operators
ThelT, LE, GT, GE andEQ RPNIogic operators are not as tricks hey appear These operators act on the
two values on the stack preceding them (to the left). Read theseatues on the stack from left to right
inserting the operator in the middI.the resulting statement is true, then replace the three values from the
stack with “1”. If the statement if false, replace the three values with “0”.

For example, think about2,1,GT”. This RPNexpression could be read as “isdwreater than one?T he
answer to that question i4rue”. So the three ®mlues should be replaced witll’*. Thus the RPN
expression 2,1,GTwaluates to 1.

Now consider “2,1,LE"”. This RPN expression could be read as “isdavdess than or equal to one?The
natural response is “ncand thus theRPN expression 2,1,LEwaluates to 0.

Reading the | F Operator
TheIF RPNIogic operator can be straightforward also. Theg ® readinglF operators is to understand that
the condition part of the traditional “if X than Y else€ Abtation has *already* beewvauated. SahelF
operator acts on only on@lue on the stack: the third value to the left ofithealue. Thesecond value to
the left of thelF corresponds to the truéY(*’) branch. And the firstalue to the left of théF corresponds
to the false (Z'") branch. Read thRPNexpression‘X,Y,Z,IF’"’ from left to right like 0: “if X then Y else
Z".
For example, consider1,10,100,IF. It looks bizarre to me. But when | read “if 1 then 10 else '1i@8’
crystal clear: 1 is true so the answer is 10. Note that only zero is false; all other values are true.

“2,20,200,IF (“if 2 then 20 else 200")wluates to 20. And0,1,2,IF" ("if 0 then 1 else 2)waluates to
2.

Notice that none of the abe examples really simulate the whold X then Y else Z' statement. Thiss
because computer programmers read this statemenif &rme Condition then Y else Z' So it's
important to be able to redd operators along with theT, LE, GT, GE andEQ operators.

Some Examples
While compound expressions can lookedy complex, thg can be considered gantly simple. To
quickly comprehen@®PN expressions, you must kmathe algorithm for ealuating RPN expressions: iterate
searches from the left to the right looking for an operafdnen it's found, apply that operator by popping
the operator and some number of values (and by definition, not operatong) sthck.

For example, the stack1,2,3,+,+' gets ‘2,3,+" evaluated (as‘2+3") during the first iteration and is
replaced by 5. This results in the stadk5,+". Finally, “1,5,+” is evaluated resulting in the answer 6.
For cornvenience, its useful to write this set of operations as:

1) 1,2,3,+ + eval is 2,3, + result is 1,5, +

5
6 result is 6

2) 1,5, + eval is 1,5, +
3) 6
Let's wse that notation to ceaniently solve sme compleXxRPN expressions with multiple logic operators:
1) 20,10,GT,10,20,1F eval is 20,10,GT =1 result is 1,10,20,1F
read the eal as pop “20 is greater than 1050 push 1
2) 1,10,20,IF eval is 1,10,20,IF = 10 result is 10

read pop “if 1 then 10 else 2@0o push 10. Only 10 is left so 10 is the answer.
Let's read a compleRPN expression that also has the traditional multiplication operator:
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1) 128, 8,*, 7000, GT, 7000, 128,8,*,|F eval 128,8,* result is 1024
2) 1024 , 7000, GT, 7000, 128, 8,*, | F eval 1024,7000,GI result is O

3) 0, 7000, 128,8,*,|F eval 128,8,* result is 1024
4) 0, 7000, 1024, I F result is 1024

Now let's go kack to the first example of multiple logic operators, but replace the value 20 witridis e/
“input”;

1) input,10,GT, 10,input,IF eval is input,10,GI ( lets call this A)
Read gal as “if input > 10 then trué’and replace “input,10,GTwith “A” :

2) A 10,input,IF eval is A 10,input,IF

read “if A then 10 else input’ Now replace A with it5 verbose description again anevoila!--you hae
an easily readable description of the expression:

if input > 10 then 10 el se input
Finally, let's go kack to the first most complexample and replace the value 128 with “input”:

1) input, 8,*, 7000, GT, 7000, i nput, 8,*,I F eval input,8,* result is A
where A is “input * 8”

2) A 7000, GT, 7000, i nput, 8,*,1F eval is A 7000,GI result is B
where B is “if ((input * 8) > 7000) then true”

3) B, 7000,input,8,*,IF eval is input,8,* result is C

where C is “input * 8”
4) B, 7000,C IF

At last we hae a eadable decoding of the compRRN expression with a variable:
if ((input * 8) > 7000) then 7000 el se (input * 8)

Exercises
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Exercise 1:

Compute “3,2,*,1,+ and "3,2,1,+,*" by handRewrite them in traditional notationExplain wty they have
different answers.

Answer 1:

3*2+1 = 7 and 3*(2+1) = 9. These expressions have
di fferent answers because the altering of the plus and
tinmes operators alter the order of their evaluation.

Exercise 2:
One may be tempted to shorten the expression

i nput, 8, *, 56000, GT, 56000, i nput,*, 8, | F
by removing the redundant use of “input,8Jike :

i nput, 56000, GT, 56000, i nput, | F, 8, *

Use traditional notation to shothese expressions are not the same. Write an expressianethatalent
to the first expression, but uses tiEeandDIV operators.

Answer 2:

if (input <= 56000/8 ) { input*8 } else { 56000 }
i nput, 56000, 8, DI V, LE, i nput, 8, *, 56000, | F

Exercise 3:
Briefly explain wly traditional mathematic notation requires the use of parenth&sgsdain why RPN
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notation does not require the use of parentheses.

Answer 3:

Tradi tional mathematic expressions are eval uated by

doing multiplication and division first, then addition and
subtraction. Parentheses are used to force the eval uation of
addition before multiplication (etc). RPN does not require
par ent heses because the ordering of objects on the stack

can force the evaluation of addition before multiplication

Exercise 4:

Explain why it was desirable for the RRDtoolvd#opers to implemenRPN notation instead of traditional
mathematical notation.

Answer 4.

AUTHOR

The algorithmthat inplenents traditional mathematica
notation is nmore conplex then algorithmused for RPN

So inplenenting RPN all owed Tobias Cetiker to wite |ess
code! (The code is also | ess conmplex and therefore | ess
likely to have bugs.)

Steve Rader <rader@wiscnet.net>
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