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NAME
rrdgraph_rpn — About RPN Math in rrdtool graph
SYNOPSIS
RPNexpression=vnaméoperatofvalug,RPNexpressiof
DESCRIPTION

If you hare ever used a traditionaHP calculator you already kmoRPN (Reverse Polish Notation).The
idea behindRPN is that you hee a $ack and push your data onto this stack. Whemgou execute an
operation, it takes as maelements from the stack as needed. Pushing is done implgntisheneer you
specify a number or a variable, it gets pushed onto the stack automatically.

At the end of the calculation there should be one and onlyane left on the stack. This is the outcome
of the function and this is what is put into thheame For CDEF instructions, the stack is processed for
each data point on the grapIDEF instructions work on an entire data set in one run. Note, that currently
VDEF instructions only support a limited list of functions.

Example:VDEF:maximum=mydata, MAXIMUM
This will set variable “maximumw hich you nev can use in the rest of yoRRD script.
Example:CDEF:mydatabits=mydata,8,*

This means: pushaviable mydata push the number 8xecute the operatot. The operator needs tw
elements and uses those to return calees Thisvaue is then stored imydatabits As you may hae
guessed, this instruction means nothing more thgalatabits = mydata *.8 The real paver of RPN lies in
the fact that it is akays clear in which order to process the inplktr expressions lika = b + 3 * 5

you need to multiply 3 with 5 first before you adtb geta. Howeve, with parentheses you could change
thisorderra = (b + 3) *5 .InRPN,youwoulddoa = b, 3, +, 5, * without the need for
parentheses.

OPERATORS
Boolean operators
LT, LE, GT, GE, EQ, NE

Less than, Less or equal, Greater than, Greater or equal, Equal, Not equal abb gints from

the stack, compare them for the selected condition and return 1 for true oaBéorfomparing an
unknownor aninfinite value will result inunknownreturned ... which will also be treated atsé by

thelF call.

UN, ISINF

Pop one element from the stack, compare thismtamownrespectiely to positive or negative infinity
Returns 1 for true or O for false.

thenelseconditionlF

Pops three elements from the stack. If the element popped last is O (false), the value popped first is
pushed back onto the stack, otherwise the value popped second is pushed back. This does, indeed,
mean that anvalue other than 0 is considered to be true.

Example:A,B,C,IF  should be read ag(A) then (B) else (C)

Comparing values
MIN, MAX

Pops tvo dements from the stack and returns the smaller getarespectrely. Note thatinfinite is
larger than anything else. If one of the input numberwsisiownthen the result of the operation will
be unknowntoo.

MINNAN, MAXNAN

NAN-safe \ersion ofMIN and MAX. If one of the input numbers isnknownthen the result of the
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operation will be the other one. If both amgknown then the result of the operationuisknown
lower-limit,upper-limitLIMIT

Pops tvo dements from the stack and uses them to define a rarym it pops another element and
if it falls inside the range, it is pushed back. If notuaknownis pushed.

The range defined includes theotloundaries (so: a number equal to one of the boundaries will be
pushed back). If gnof the three numbersvnolved is eitherunknownor infinite this function will
always return arunknown

Example:CDEF:a=alpha,0,100,LIMIT will return unknownif alpha is lower than 0 or if it is
higher than 100.

Arithmetics

+1 _l *! /! %
Add, subtract, multiplydivide, modulo
ADDNAN

NAN-safe addition. If one parametemMaN/UNKNOWN it' Il be treated as zero. If both parameters are
NAN/UNKNOWN, NAN/UNKNOWN will be returned.

valugpowerPOW

Raisevalueto the power opower

SIN, COS, LOG, EXP, SQRT

Sine and cosine (input in radians), log and exp (natural logarithm), square root.
ATAN

Arctangent (output in radians).

ATAN2

Arctangent of y,x components (output in radian$his pops one element from the stack, the x
(cosine) component, and then a second, which is the y (sine) component. It then pushes the arctangent
of their ratio, resolving the ambiguity between quadrants.

Example: CDEF:angle=Y,X,ATAN2,RAD2DEG will convert X,Y components into an angle in
degrees.

FLOOR, CEIL

Round down or up to the nearest integer.

DEG2RAD, RAD2DEG

Corvert angle in degrees to radians, or radians to degrees.
ABS

Take the absolute value.

Set Operations

COUNtSORT

Pop one element from the stack. This is tmaint of items to be sorted. The tamunt of the
remaining elements are then sorted from the smallest to the largest, in place on the stack.

4,3,22.1,1,4,SORT —> 1,3,4,22.1
COUNtREV
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Reverse the number

Example: CDEF:x=v1,v2,v3,v4,v5,6,6,SORT,POP,5REV,POP,+,+,+,4,/ will
compute thearage of the values v1 to v6 after removing the smallest and largest.

countAvG

Pop one elementg¢un) from the stack. N@ pop countelements and build theserage, ignoring all
UNKNOWN values in the process.

Example:CDEF:x=a,b,c,d,4,AVG
countSMIN andcountSMAX

Pop one elementgun) from the stack. N@ pop countelements and push the minimum/maximum
back onto the stack.

Example:CDEF:x=a,b,c,d,4,AVG
countMEDIAN

pop one elementcéun) from the stack. N@ pop countelements and find the median, ignoring all
UNKNOWN values in the process. If there are amsrenumber of non-UNKN®VN values, thegerage
of the middle tw will be pushed on the stack.

Example:CDEF:x=a,b,c,d,4,MEDIAN
countSTDEV

pop one elementéun) from the stack. N@ pop countelements and calculate the standandaten
over these values (ignoring amAN values). Push the result back on to the stack.

Example:CDEF:x=a,b,c,d,4,STDEV
percenfcountPERCENT

pop two dements €ountpercen) from the stack. N@ pop countelement, order them by size (while
the smalles elements are —INfRe largest aréNF and NaN is larger than —INF but smaller than
anything else. No pick the element from the ordered list whereentof the elements are equal then
the one picked. Push the result back on to the stack.

Example:CDEF:x=a,b,c,d,95,4,PERCENT

COUNtTREND, TRENDNAN

Create a “sliding window'average of another data series.
Usage: CDEF:smoothed=x,1800,TREND

This will create a half-hour (1800 second) sliding windaverage of X. The erage is essentially
computed as shown here:

e e A S e B e
now
delay t0

< >

delay t1

< >
delay t2
< >

Value at sample (t0) will be the average between (t0—delay) and (t0)
Value at sample (t1) will be the average between (t1-delay) and (t1)
Value at sample (t2) will be the average between (t2—-delay) and (t2)
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TRENDNAN is — in contrast tadREND - NAN-safe. If you us@REND and one source value MAN
the complete sliding windwo is dfected. TheTRENDNAN operation ignores all AN-values in a
sliding windaw and computes thevarage of the remaining values.

PREDICT, PREDICTSIGMA, PREDICTPERC

Create a “sliding winde' average/sigma/percentil of another data series, that also shifts the data
series by gien amounts of time as well

Usage -  explicit stating  shifts: CDEF:predict=<shift  n>,...,<shift
1>,n,<window>,x,PREDICT CDEF:sigma=<shift n>,...,<shift
1>,n,<window>,x,PREDICTSIGMA CDEF:perc=<shift n>,...,<shift

1>,n,<window>,<percentil>,x,PREDICTPERC

Usage — shifts defined as a base shift and a number of time this is @ipk€dpredict=<shift
multiplier>,—n,<window>,x,PREDICT CDEF:sigma=<shift
multiplier>,—n,<window>,x,PREDICTSIGMA CDEF:sigma=<shift
multiplier>,—n,<window>,<percentil>,x,PREDICTPERC

Example: CDEF:predict=172800,86400,2,1800,x,PREDICT

This will create a half-hour (1800 second) sliding windaverage/sigma of X, thatvarage is
essentially computed as shown here:

+—— | | | | | | | [ | [ ——>
now
shift 1 t0
< >
window
< >
shift 2
< >
window
< >
shift 1 t1
< >
window
< >
shift 2
< >
window
< >

Value at sample (t0) will be the average between (t0-shiftl-window) and (t0—shift1)

and between (t0-shift2-window) and (t0-shift2)
Value at sample (t1) will be the average between (t1-shiftl-window) and (t1-shiftl)

and between (t1-shift2-window) and (t1-shift2)

The function is by design AN-safe. Thisalso allows for extrapolation into the future (say @ fe
days) - you may need to define the data series whit the optional start= pgramétarthe source
data series has enough data to provide prediction also at the beginning of a graph...

The percentile can be between [-100:+100he positve percentiles interpolates betweenlues
while the ngative will take the closest.

Example: you run 7 shifts with a windaf 1800seconds. Assuming that the rrd-file has a step size of
300 seconds this means wevédp do the percentile calculation based on a max of 42 distalces

(less if you gotNAN). that means that in the best case you get a step rate between values of 2.4
percent. sdf you ask for the 99th percentile, then yoauld need to look at the 41.59th value. As we
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only have integers, either the 41st or the 42nd value.

With the positie percentile a linear interpolation between theatues is done to get thefedtive
vaue.

The ngative returns the closest value distance wise — so in thgeabtamse 42nd value, which is
effectively returning the Percentile100 or the max of the previous 7 days in thewvindo

Here an example, that will create a 10 day graph that alsesshe prediction 3 days into the future
with its uncertainty value (as defined by avg+—4*sigma) This also shows if the predictimedsied
at a certain point.

rrdtool graph image.png ——imgformat=PNG \
——start=—7days ——end=+3days ——width=1000 ——height=200 ——alt-autoscale—max \
DEF:value=value.rrd:value:AVERAGE:start=—14days \
LINE1:value#ff0000:value \
CDEF:predict=86400,-7,1800,value,PREDICT \
CDEF:sigma=86400,-7,1800,value,PREDICTSIGMA\
CDEF:upper=predict,sigma,3,*,+ \
CDEF:lower=predict,sigma,3,*,— \
LINE1:predict#00ff00:prediction \
LINE1:upper#0000ff.upper\ certainty\ limit \
LINE1:lower#0000ff:lower\ certainty\ limit \
CDEF:exceeds=value,UN,0,value,lower,upper,LIMIT,UN,IF \
TICK:exceeds#aa000080:1 \
CDEF:perc95=86400,-7,1800,95,value,PREDICTPERC \
LINE1:perc95#ffff00:95th_percentile

Note: Experience has shown that a factor between 3 and 5 to scale sigma is a good discriminator to
detect abnormal betiar. This obviously depends also on the type of data amd'imoisy” the data
series is.

Also Note the explicit use of start= in tB®EF —this is necessary to load all the necessary daén (e
if it is not displayed)

This prediction can only be used for short term extrapolations — saydayes into the future.

Special values

UNKN
Pushes an unknown value on the stack
INF, NEGINF

Pushes a positt a negdive infinite value on the stack. When such a value is graphed, it appears at
the top or bottom of the graph, no matter what the actual value on the y-axis is.

PREV

Pushes amnknownvalue if this is the first value of a data set or otherwise the result ofE§ at
the preious time step. This allows you to do calculations across the data. This function cannot be
used inVDEF instructions.

PREV(vname)

Pushes amnknownvalue if this is the first value of a data set or otherwise the result of the vname
variable at the previous time step. This allows you to do calculations across the data. This function
cannot be used WMDEF instructions.

COUNT

Pushes the number 1 if this is the first value of the data set, the number 2 if it is the second, and so on.
This special glue allows you to makaalculations based on the position of the value within the data
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set. This function cannot be usedvibEF instructions.

Time
Time inside RRDtool is measured in seconds since the epoch. The epoch is defined to be
Thu Jan 1 00:00:00 UTC 1970

NOW
Pushes the current time on the stack.
STEPWIDTH

The with of the current step in seconds. You can use this to go back from rate based presentations to
absolute numbers

CDEF:abs=rate,STEPWIDTH,*,PREV,ADDNAN
NEWDAY ,NEWWEEK ,NEWMONTH ,NEWYEAR

These three operators will return 1.0 whane gep is the first of the géen period. The periods are
determined according to the local timezénD the LC_TIME settings.

CDEF:mtotal=rate, STEPWIDTH,*, NEWMONTH,0,PREV,IF,ADDNAN
TIME
Pushes the time the currently processed value was taken at onto the stack.
LT IME

Takes the time as defined bYME , gpplies the time zone offset valid at that time including daylight
saving time if yourOSsupports it, and pushes the result on the stack. There is an elaborate example in
the examples section bal@mn how to use this.

Processing the stack directly
DUP, POP, EXC

Duplicate the top element, renethe top element, exchange theotiop elements.

DEPTH

pushes the current depth of the stack onto the stack
a,b,DEPTH —>a,b,2

n,COPY

push a cop of the top n elements onto the stack
a,b,c,d,2,COPY => a,b,c,d,c,d

Nn,INDEX

push the nth element onto the stack.
a,b,c,d,3,INDEX -> a,b,c,d,b

n,mROLL

rotate the top n elements of the stack by m

a,b,c,d,3,1,ROLL => a,d,b,c
a,b,c,d,3,-1,ROLL => a,c,d,b

VARIABLES
These operators work only ®MDEF statements. Note that currentiLY these work folVDEF.
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MAXIMUM, MINIMUM, AVERAGE
Return the correspondingalue, MAXIMUM and MINIMUM also return the first occurrence of that
value in the time component.

Example:VDEF:avg=mydata,AVERAGE

STDEV
Returns the standard deviation of the values.

Example:VDEF:stdev=mydata,STDEV

LAST, FIRST
Return the last/first non-nan or infinite value for the selected data stream, including its timestamp.

Example:VDEF:first=mydata,FIRST

TOTAL
Returns the rate from each defined time slot multiplied with the step Flde.can, for instance,

return total bytes transferred when yowédnd&gged bytes per second. The time component returns the
number of seconds.

Example:VDEF:total=mydata, TOTAL

PERCENTPERCENTNAN
This should follev a DEF or CDEF vname Thevnameis popped, another number is popped which is a
certain percentage (0..100). The data set is then sorted and the value returned is chosen such that
percentge percent of the values is lower or equal than the regigt PERCENTNANUNnknownvaues
are ignored, but foPERCENTUnknownvalues are considered lower tharydmite number for this
purpose so if this operator returns @mknownyou hare cuite a lot of them in your datanfinite
numbers are lessarr more, than the finite numbers and amsagls more than the&lnknownnumbers.
(NaN < —INF < finite values NF)

Example:VDEF:perc95=mydata,95,PERCENT
VDEF:percnan95=mydata,95,PERCENTNAN

LSLSLOPE, LSLINTLSLCORREL
Return the parameters fol.@astSquared_ine (y = mx +b)which approximate the provided dataset.
LSLSLOPE is the slope(m) of the line related to th€OUNT position of the dataLSLINT is the
y—intercept (b), which happens also to be the first data point on the grsfilCORREL is the
Correlation Coefficient (also kmoas Rearsors Rroduct Moment Correlation Cdeafient). It will
range from 0 to +/-1 and represents the quality of fit for the approximation.

Example:VDEF:slope=mydata,LSLSLOPE

SEE ALSO
rrdgraph gies an werview of how rrdtool graph works. rrdgraph_datdescribesDEF,CDEF and VDEF

in detail. rrdgraph_rpn describes tReN language used in tHeDEF statements. rrdgraph_graplhage
describes all of the graph and print functions.

Make aure to read rrdgraph_examples for tips&tricks.

AUTHOR
Program by Tobias Oetiker <tobi@oetiker.ch>

This manual page by Atevan den Bogerdt <alg@vandenbogerdt.nl> with corrections and/or additions
by several people
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