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1 Debugging a Rule

1.1 Introduction and Preparation

In this tutorial you will use the RPL Debugger to view the values of expressions and functions
in a rule.

The tutorial is part of the RPL Debugger and Diagnostics online tutorial. See the course player
for introductory and background information.

[LJ Open the Arbor Basin model provided:
~\RiverWareTutorial\Models\ArborBasin_RPL_Debug.mdl.gz
The RBS ruleset is saved in the model.

[ Run the model.

It completes successfully.

1.2 Using the RPL Debugger

To demonstrate the RPL debugger you will investigate a diversion shortage at the Juniper Irri-
gation district.

L1 Open the Juniper Irrigation object

[ Expand the first item for Juniper Irrigation.
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®
File Edit WView Slot Account Element Link Structure £
Juniper Irrigation E3 IEI IEI

Ehﬂ Object: |Juniper Irrigation |

Slots | Methods | Accounts = Accounting Methods | Attributes | Descri * E

August 13, 2018 <@ |i
L]

Slot Name Value

4 Juniper Irrigation
Total Diversion Requested 31.08
Total Diversion 31.08
Total Depletion Requested 25.49
Total Depletion 25.49 i
Total Available Water 31.08
Total Return Flow 5.59 T
[A4] Total Depletion Shortage |, 0.00 i

= Juniper Irrigation:District 1

Order: |Defau|'|: - ' [] Filter Slots Izl

(L] Highlight the Total Depletion Shortage and click the Plot button highlighted above.

20.00 -

15.00

0.00 - "

T ' T ' T ' |
4-01-2018 /-01-2018  10-01-2018  1-01-2019

—— Juniper Irrigation.Total Depletion Shortage

The plot shows most values are zero, meaning no shortage, except during the end of
September and early October 2018. This exercise will show you how to use the RPL debugger
to understand this shortage.
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Let’s first identify a date to investigate.

Right-click on the peak of the curve and select Global Time Scroll.

| | W —
%Glnhal Time Scroll

Set Date/Time Marker

Depending on where you clicked, it will global time scroll to a date between Sep 25-Oct 3,
2018

Click the Date Marker button (1), below, to show the red vertical line.

Adjust the datetime spinner (2) to Sep 27, 2018. We could choose any date in this range, this
date is arbitrary at this point.

L 2 3
& & || He sep 27, 2018 <lle

Plot Layout: |1x1 w | (r

e oo A ___

]

. . , . . | ; ;
18 10-01-2018 1-01-2019 4.
Juniper Irrigation.Total Depletion Shortage

[ Then click the Globe button (3) and select Global Time Scroll to scroll all dialogs to Sep 27th.
[l Open the Run Control dialog box.
[ Select the Pause Before Timestep check box, near the bottom.
[ Inthe Timestep text box, enter Sep 27, 2018, or use the date selector to advance to the
timestep.
LR~ I S 4
Pause Before Timestep: |Septemher 27, 2018 4> |
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] Select Start to run the model.
The run starts and continues until September 27, 2018, where it pauses.

Before we step into the timestep, we need to do two items: enable the RPL Debugger and set a
breakpoint in the RPL logic. In previous demos, we showed a number of ways to enable the
debugger, we’ll use an easy one here.

1 Still on the Run Control, select View and then Show RPL Debugging Button.

[ Click the button to enable the debugger:

4l Enabled
[ == = 1] @
Continue Step Pause Stop
Pause Before Timestep: |Septemher 27, 2018 4> |

Execute Initialization Rules
Fun Status

R 7o

Execution State: Paused
Mext Timestep: September 27, 2018

Tip: Remember, enabling the RPL Debugger can slow down a model run,
so it should only be enabled when necessary for debugging purposes.

Now we need to set a breakpoint in the RPL logic. To do so, we need to know the rule or func-
tion that we want to investigate. Here is a brief summary of how Hickory Outflow and Juniper
diversions are set to meet Juniper demands and other objectives when water supply is limited:

* Rule 10 sets the Juniper Diversion.Minimum Diversion Bypass to pass either the gage flow
or the minimum flow.

* Rule 9 sets Hickory Outflow to pass the natural flows and interstate requirements.

* Rule 8 supplements Juniper diversions from Hickory storage if the natural flows are insuf-
ficient.

* Rule 7 cuts back the Hickory diversion and releases more water to meet Juniper

* Rule 6 cuts back the Hickory diversion even further if the Hickory Pool is below minimum.
* Rule 5 cuts back Hickory outflow if the Hickory Pool is still below the minimum.

Thus, in this ruleset, we expect Hickory to release water that can then be diverted by the

Juniper Irrigation District.

[ If you aren’t familiar with this model, spend a few minutes understanding the transbasin
diversions from Cedar to Hickory, especially the link connections, and how water flows through
to Juniper Diversions.
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We want to see why Rule 8 isn’t setting additional outflow for Juniper diversions.

[ Open Rule 8.
You’ll notice a new column to the left of the logic. This is where you set breakpoints.

[L] Seta break point at the beginning of the rule by clicking at the top within the new column. See
screenshot below.

[L] Set a break point at the end of the rule execution by selecting again in the new column.
It should look like this:

[B] 8 Supplement Juniper from Hickory Storage RPL Set Loaded |47

@ Hickory.Outflow | |
= IF ( JuniperShortage () > 0.00 "ems" AND HickoryCanSupplement () ) THEN
Hickory. Outflow [ ]
+ Min [ JuniperShortage (),
VolumeToFlow [ Hickory.Storage [ ]
- ElevationT oStorage | Hickory , .
HickoryMinSupplementElevation ( )

@"t"

b=

END IF

Tip: Breakpoints can go before or after statements in a rule and before after
the body in a function.

(1 In the Run Control dialog box, select Step.

L] The RPL Debugger will open.
The run pauses at the first break point. Notice:
1. The rule shows an orange arrow where the debugger is paused.
2. The top panel in the RPL Debugger shows the current location in the call stack.
3. The middle panel of the debugger lists the two break points.
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<] RPL Vieswer - Arbor Basin Rules ==l H R RPL Debugger __;_n_g
| || Fle Debug Breakpounts & Erabled | (]|
Supplement Juniper from Mickory Storage &3 b il 8 [ &:'E i “=: .
B B 8 supplemert Juniger from Hickory Storage RPL Sei Londed | 4% ol Stack
el A——
1 = '; I:IuEII-EII :n:';l“" b | 2 B Supplement Juniper from Hickor_.. | [ Arbor Basi.. [ Hickory Rules
| AMD HickoryCanSupplement ( ) |
Hickory. Outflow [ ] Breakpoints
+Mr | . _ Where When Set Group
I I_'I:Jr-tll:‘|5|'|l:ll'taf|l:' () ] | 3 - B suppleme... Before Boouti.. B Arbor Basi.. [ sickory Rules
VolsmeT oFlow ® B suppleme.. After Execution B Arbor Basi. Hickory Rules
[ Hickory. Storage | | |
| - ElevatmnT oStorage : | Value of Selected Expression
| II Hr‘kuw ¥ .I. Mo salection
| | | HickoryMnSupplementElevaton [ ) | |
| lar I ||
END IF
. Run Status
=_____________| 41%
Exiscution Stabe: Rurhing Current Timestep: June 1, 2018
(1 Inthe rule, select the function JuniperShortage( ) to highlight it.
Notice that the bottom panel in the debugger says, “No value associated with the selection.”
The statement has not yet been executed, so the expressions in the rule have not been evalu-
ated. When you see this message, it indicates the selected expression has not been evaluated
either because it hasn’t gotten there yet or because the logic prevents it from being evaluated,
for example, the expression is part of the other clause of an IF - ELSE.
(1 In the RPL Debugger, select Debug and then Show Button Labels.
This will help you get comfortable with the buttons. Now let’s step into the function and rules.
b
(1 Inthe RPL Debugger, select Step Into Step Into .
Notice the change in the Call Stack. You are now in the Juniper Shortage function, which was
the first function called from the rule.
[ SelectStep “™P in the RPL Debugger.
The orange arrow advances below the Max expression.
1 Select the Max expression in the Juniper Shortage function.
The value is shown in the bottom panel of the RPL Debugger AND as a tool tip:
1-6 RPL Debugging and Rule Diagnostics: July 2022
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[E] |JuniperShortage RPL Se

Arguments: =5 Return Type:

Max | Juniper Irrigation.Total Diversion Requested []
- Juniper Irrigation. T otal Diversion [] .
0.00 "cms"

k‘ 0.43 "cms"

This shows that the shortage is 20.43cms.

Tip: It is handy to keep the RPL Debugger and the RPL Viewer open at the
same time. Line these up so you can see both as you will be using them in
parallel.

From here, we could Step Out to get back up to the rule and evaluate the rest of the rule logic
or we could Step to go to the next place it could pause. In this case it would go to the Hickory-
CanSupplement function.

In this and many examples, we want to fully evaluate the rule and then see which values were
computed.

[

Select Continue Continue in the RPL Debugger to go to the next breakpoint.

The run pauses at the break point at the end of the Supplement Juniper from Hickory Storage
rule. Now the statement has evaluated, and you can look at the values of the individual expres-
sions.
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[B] 8 Supplement Juniper from Hickory Storage

RFL Set Lo

@ [Hickory.Outflow [ ]
= IF { JuniperShortage ()
> 0.00 "cms"
AND HickoryCanSupplement ()
Hickory. Outflow [ ]
+ Min

THEN

JuniperShortage (),
VolumeT oFlow
Hickory.Storage [ ]
- ElevationT o5torage
[ Hickory , J
HickoryMinSupplementElevation ()

r

|

@Htﬂ
END IF
@
[L] Select AND within the IF expression. Then look at the value displayed at the bottom of the
RPL Debugger.

E] . Ib bl- &’E _E{E] %E Suppleme..y Storage £ JuniperShortoge & Hickor..plement & Hs e
Pause Stop Continue Step Step Into  Step Dut  Conk to Sel. B H & supplermnent Juniper from Hickory Storage RPL SetlL
Call Stack @ Hickory Outfow [ ]

Caller Sat Group =IF ﬂﬂw_w 8] | THEN

. Supple... ! Arbor Bas... E Hickory Rulas | AND Hﬂmryf th [t\‘é .
Hickory. Outflow [ | [rhLat )
Breakpoints + Mn
I 3 JuniperShortage { Ik
Where When Set Group VokirneT oFlow

& B svppleme... Before Bxecuti... Bl Arbor Bosi.. B Hickory Rules R
@ B Suppleme... After Execution B Arbor Basi.. B Hickory Rules [ H;:fﬂwjturragen [ ] 1|
Value of Selected Expression .r Hickary , . }

l | HideoryMinSupplementElevation [ ) J

FALSE @t

END IF
=

The bottom panel of the RPL Debugger and the tooltip says FALSE, indicating the boolean
expression is false. We saw before that JuniperShortage was 20.4cms, therefore the Hickory-
CanSupplement must be FALSE.

[ Select HickoryCanSupplement and verify it returned FALSE in the debugger.

[l Double-click HickoryCanSupplement to open it.

1-8 RPL Debugging and Rule Diagnostics: July 2022
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[L] Select the left expression, Hickory.Pool Elevation[ ], and see that it evaluated to 132.6m

Note: In the screenshots below and throughout these tutorials, we’ll show the
value as a tool tip for convenience. In your use, feel free to use the Value of
Selected Expression panel to see the value in the RPL Debugger.

[F] HickoryCanSupplement R

Arguments: 54 Return Ty

Hickory.Pool Elevation | > Hicko MinSupplementElevation ( )
&\"‘ 132.60 "m" i

[L] Select the HickoryMinSupplementElevation and see that it evaluated to 134m.

[F] |HickoryCanSupplement RPL Set Loadt

Arguments: =5 Return Type: BOOLE

Hickory.Pool Elevation [] > HickoryMinSupplementElevation
§134.00 'm"

L] Double click HickoryMinSupplementElevation and continue to explore the values returned.

[F] 'HickoryMinSupplementElevation RPL Set

Arguments: = Return Type: |

IF (@"t" > @"June" ) THEN
Hickory.Pool Elevation Min to Supplement Irrigation []
- Hickory.Pool Elevation Adj to Supplement []

FLSE 13400 |

Tip: This is the crux of the RPL Debugger, set up the breakpoints and
debugger so that it pauses just after the desired statement. Then select
various expressions to see their value and understand the solution.

(1 In the RPL Viewer or RPL Debugger, find the “Supplement Juniper from Hickory Storage” rule
(priority 8) and show it.

Note, the debugger is paused at the rule level after the assignment statement, but you can
explore the values of any expression that was computed in that logic. This is one of the most
common ways to use the debugger. Set the breakpoint at the rule level, after the statement, and
then drill down to find the desired values. See “4 Advanced RPL Debugging” for more
advanced debugging when loops are involved.

Question: So what did we learn in this exercise?

Answer: Juniper has a shortage because Hickory.Pool Elevation is too low to sup-
plement. The inflows are too low and no storage is available, so there
is a shortage.

RPL Debugging and Rule Diagnostics: July 2022 1-9
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Let’s see what happens for the rest of the timestep.

[] First, delete the breakpoint at the start of rule 8. If click on an active breakpoint once, it will
show a red outline only, indicating that it is disabled. Click on in a second time to delete it.

[ Inthe ruleset, open rules 7, 6, 5, and 4 and set a breakpoint after the logic in each rule.

Now you have 5 breakpoints, one after the logic in rules 4-8. This will allow us to see the
progression of execution and the values set. In Chapter “3 Using Diagnostics for Rule Debug-
ging”, we’ll see how diagnostics present similar information in a single view.

Your breakpoints panel should look like this:

Breakpoints

Where ’ When Set Group
& B Hickory Elevation Max (4.1) After Execution [ Arbor Basi... [F] Hickory Rules
® [ Hickory Elevation Min (5.1) After Execution [ Arbor Basi... [F] Hickory Rules
@ [ Hickory Elevation Min Reduce Diversion (6.1)  After Execution [ Arbor Basi.. [ Hickory Rules
® A Reduce Hickory Diversion (7.1) After Execution [ Arbor Basi... ] Hickory Rules
® B supplement Juniper from Hickory Storage (8.1) After Execution [ Arbor Basi... [l Hickory Rules

[ In the debugger, click Continue and then look at the values computed.

Repeat to see how the timestep progresses. The following table describes the solution
including the first evaluation of rule 8.

Rule | Result

8 JuniperShortage = 20.43cms; Hickory could not supplement. The rule will be
ineffective

7 Hickory Diversion.Diversion Request is reduced and Hickory Outflow is
increased.

8 JuniperShortage = 0.1cms, but Hickory still could not supplement

7 Hickory Diversion.Diversion Request is reduced and Hickory Outflow is
increased.

8 JuniperShortage = 0.0cms so the rule will be ineffective

7 JuniperShortage = 0.0cms so the rule will be ineffective

6 The pool is less than the minimum, so Hickory Diversion is reduced.

6 The pool is less than the minimum, but there is no more Hickory Diversion to
cut back. The rule will be ineffective

5 The pool is less than the minimum, so Hickory Outflow is reduced.

8 Because of reduced Hickory Outflows, there is a shortage at Juniper of

20.44cms. The pool is too low to supplement. The rule will be ineffective.

RPL Debugging and Rule Diagnostics: July 2022
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a

a

Rule | Result

7 There is a shortage and the computed diversionReduction is zero as the diver-
sion is already zero. The rule will be ineffective.

6 The pool is equal to the Min elevation. The rule will be ineffective.
5 The pool is equal to the Min elevation. The rule will be ineffective.
4 The pool is much less than the Max elevation. The rule will be ineffective.

Now we are out of the timestep and paused in the run control.

Tip: If you wanted to go through this again, follow these steps: Stop the run
on the run control. Disable debugging. Start the run and let it run to
September 27. Enable debugging and then Step into the timestep pausing
in the RPL debugger at rule 8.

Setting a breakpoint and then pausing in each rule gives the values computed for each rule and
you can often infer what values will be set on the workspace, but due to priorities the values
might not get set if the slot value is already higher priority. Rule execution diagnostics provide
those details on the result of the rule and would give a similar sequence of rule execution as
shown in the table above. Diagnostics for debugging rules is described in “Using Diagnostics
for Rule Debugging” on page 3—1.

In the Run Control, click the button that currently shows debugging is Enabled to disable RPL
debugging.

On the Run Control, click Continue to complete the run.

Summary

In this tutorial, you saw how to use the RPL debugger to identify and highlight a value within
execution of RPL within rulebased simulation.

The RPL Debugger is used to look at the individual values returned by functions and expres-
sions in a rule at a specific timestep. This helps to verify that the rule was executing correctly.

RPL Debugging and Rule Diagnostics: July 2022 1-11
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2 Debugging a RPL Error

2.1 Introduction and Preparation

This tutorial will show you how to use the RPL Debugger when you get an error in RPL eval-
uation. The learning objectives are as follows:

» Learn when to turn on the debugger

* Learn how to identify the issues

* Learn how to continue out of the debugger and fix the error.

[ Open the Arbor Basin model provided:
~\RiverWareTutorial\Models\ArborBasin_RPL_Error.mdl.gz

This is a slightly different version of the Arbor Basin model used in Chapter 1. Again, the RBS
ruleset is embedded in the model.

[ Run the model.
It errors on March 21, 2018:

72: 24:00 March 21, 2018; RULE

f3: 24:00 March 21, 2

The first message says what the error is and the next two red messages give the location. In a
full basin model, this error could include many levels of functions calls.

The debugger, if enabled, will take you directly to the location of the error and you can explore
the RPL evaluation.

This tutorial shows you how to use this feature to assist with error correction.

2.2 Enable the Debugger and Run

Let’s enable the debugger let it run to the error.

1 On the Run Control, if not already shown, select View and then Show RPL Debugging
Button.

(30} Rirch Elevabon M | | Evaluaton of the Body of the function "DutflowForMinElevationRiules” falled for the following reason(s): M) is the seque

30} Birch Elevabon Man | | Evaluation of the right-hand side of the Assigement statement faided for the folknving reason(s): DutfiowFerMinElevation®
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] Click the disabled button to enable the debugger.

il Enabled
= =] ] @
Start Init Pause Stop
[] Pause Before Timestep: |June 1, 2018 1 r |

Execute Initialization Rules

(] Click Start

Because the debugger is enabled, the run progresses slowly, but is OK for this small model.

It stops on March 21 with the normal RiverWare abort notice.

[ Click OK

The RPL Error notice is shown:

4 RPL Error Encountered

o An error occurred while executing RPL.

RFL debugging is enabled, so the RFL Debugger Dialog
has paused execution at the location of the error.

Note: Depending on the type of error and where it occurs, you may get this
dialog before or after the standard Error notice.

Tip: The debugger will only open for errors in RPL evaluation. If the error
occurs after a rule sets a value and the objects are dispatching, the RPL

debugger will not open.

[ Click OK

The debugger opens and is shown as follows. The break points panels is automatically hidden.

2-2 RPL Debugging and Rule Diagnostics: July 2022
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File Debug Breakpoints
n & B » bmp g8 %F

Explanation of Error

Curmparlson problem (perhaps nuompatlble units).

Call Stack

Caller Set Group
4 [F] Max {[@ Arbor Basi... Numeric [ ...
NUMERIC argl: 2145.36 "cms"
NUMERIC arg2: 0.00000000
4 [F] outflowForMinElevationRules Arbor Basi... Utility Group
OBJECT res: "Birch"
Birch Elevation Min Arbor Basi... Birch Rules

Breakpoints

Where When

Value of Selected Expression

Mo selection

Run Status

[
Execution State: Aborted Current Timestep: March 21, 2018

RPL execution paused at error

The Call Stack Shows the Birch Elevation Min rule called the OutflowForMinElevationRules

and that called the Max function.

It is currently paused in the Max function

Double click the Max function from the Call Stack.

In a predefined function, you can set breakpoints and pause, but there are no expression to
select so is not as useful for looking at values.

In the debugger, double click the OutflowForMinElevationRules function.

Select the SolveOutflow expression and notice it evaluated to 2145.36cms

RPL Debugging and Rule Diagnostics: July 2022
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[F] outflowForMinElevationRules

Arguments: (OBIECT res = Return Type: NUMERIC

Max | SolveOutflow |res ,
res . "Inflow” [] ,
ElevationT oStorage [ res , .
res . "Pool Elevation Min" [ ]
res . "Storage” [@"t -1" ],
@"t"
0.00 Q‘| 2145.36 "cms"

The Max is comparing 2145.36cms to 0.00 with no units. That is the problem; the Max func-
tion requires unit types to be the same.

Open the RPL Debugger again and in the Call Stack expand the row for the Max function.
Notice that the Call Stack in the RPL Debugger has those same values shown:

Explanation of Error

Comparison problem (perhaps incompatible units).

Call Stack
Caller Set Group
4 [F] Max Arbor Basi... [H Numeric / Math

‘MUMERIC argl: 2145.36 "cms"
MUMERIC arg2: 0.00000000

The Explanation of Error panel said it was “perhaps incompatible units”.

The Call Stack Max function showed the two arguments, one with FLOW units, the other with
NO UNITS.

The fix is to add units to the 0.0 expression. To do that, you need to get out of the debugger. In
this case, the stop button is disabled (we are in the middle of an abort error), so you must stop
the run to make any changes.

Click the Continue button

The diagnostics open and show the rest of the messages. You now have control again from the
Run Control.

Find the OutflowForMinElevationRules in a RPL Viewer
Double click 0.0 and change it to 0.0 cms.

In the Run Control, disable the debugger and click Start.

24
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It runs through with no errors.

2.3 Summary

In this tutorial, you saw how the debugger can be used to locate errors and show the values of
expressions at the time the error occurred. This can make it easier to debug RPL errors as you
don’t have to find the problem expression and set breakpoints. The debugger does that for you.
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3  Using Diagnostics for Rule Debugging

3.1 Introduction and Preparation

This tutorial shows how to use rulebased simulation diagnostics to report if a rule is executing
as expected. You will learn:
» The diagnostics that are most useful.

» For an early termination, how to track down the invalid value and potential fixes

[ Open the Arbor Basin model provided:
~\RiverWareTutorial\Models\ArborBasin_RPL_DiagnosticDemo.mdl.gz
The RBS ruleset is embedded in the model.

(1 Run the model.

It completes successfully.

3.2 Analyzing Results

To make debugging meaningful, we need to point out a problem with the results from our
Arbor Basin run.

P
[ Select the Plot button L‘- , then select the Elm Outflow Minimum plot.

The red dotted line shows the minimum flow; the green line shows the EIm.Outflow. What is
happening around August Sth, 2018? Why aren’t we meeting that minimum flow?
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We could use the RPL debugger to try to figure this out, but in this case, it will be easier to use
Diagnostics and look at the results of all rules that could set EIm.Outflow.

[ Right click on the minimum point on the green curve on Aug 5, 2018 and select Global Time
Scroll.

(D)
] Select Model Run Analysis —  on the workspace main toolbar.
(1 In the Model Run Analysis dialog box, find Elm reservoir and it should be close to Aug 5th.

Question

Which rule set EIm Outflow on August 5, 20187

Answer
Rule 14.
o0 [ a] o0 (e a] o oo o
— — — — — — —
(=] [ (=] (=] ] (=] (=]
™l il il ™l il ™l ™l
o o+ th b ™ oo ch
5 i = 5 5 5 5
oo oo oo oo L] oo oo
(] [ [ (] L] [ [
A © T18 T18 | T18| T18 Ti8 T18 T1i8
m L13r L13r |L14r| L13R L13rR L13rR L1zF
£

Elm at 08-05-2018

Method 'Solve given Inflow, Outflow' Dispatched at Priority 14, governed by Slots:
Outflow (Priority 14R) and Inflow (Priority 18)

Also notice, adjacent timesteps were set by Rule 13.
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Rule 14 is the EIm Pool Elevation Target
Rule 13 is the EIm Outflow Min

This is unexpected. Rule 13 should keep the Outflow above the minimum flow requirement.

You will now use diagnostics to find out why Rule 13 did not take effect on this timestep.

3.3

Using Diagnostics to Debug Rule Execution

[ On the workspace, select Utilities, then Diagnostics Manager.

U

fd Diagnostics Manager

ol

File View Settings

EHit Settings For:

Simulation...
Rulebased Simulation...
Optimization...

Display Messages:

] To File:

nahle Informational Diagnostics

Workspace...

Accounting

| To Window Open Cutput Window

Close

Check the box to Enable Informational Diagnostics.

Select the Rulebased Simulation button in the Diagnostics Manager.

In the “Show diagnostics for” panel, select the Rule Execution diagnostics groups. See the

image below.

In the Rules context filter, click Select, then RBS Ruleset.

Navigate through the rule selector and select rules 11 through 15.

Even though we know rules 13 and 14 are likely involved, we’ll print out all EIm rules for this

timestep to see their results.
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Ll Filter: & 3 Ignore Case

Rule Priority On %
4 [P] EIm Rules
B] Elm Elevation Max 11

B] Elm Elevation Min 12
B] Elm Outflow Min
Bl EIm Pool Elevation Target
B] Elm Required Spill
> [P] Dogwood Rules

Rule selection count: 5

Click OK
In the Timesteps context filter, select the second From: option and enter August 5, 2018.

Select the second To: option and enter August 5, 2028 again. You only want to look at one
timestep.

When you are finished, the Rulebased Simulation Diagnostic Configuration dialog box should
appear similar to the following figure.

34

RPL Debugging and Rule Diagnostics: July 2022
Copyright 2022, The Regents of the University of Colorado. No distribution or reproduction.



Select Al Revert Clear

Show diagnostics for
&[] Run Management
» [] Dispatch Management
¢ [] Rule Management
[¥] Rule Execution
[] Function Execution
[_] Hypothetical Simulation
[] Print Statements
[] user Methods
[] Interpolation
[] Expr. Slot Execution

v [ Data Management

[T] Expr. Slot Function Execution
[7] Init. Rules Rule Execution

[7] Init. Rules Function Execution
[] Init. Rules Print Statements

Show @ diagnostics for:

@
-

() From: Run Start
(® From: |24:00 August 5, 2018

O To:
® To:

=

Run End
124:00 August 5, 2018

=]

Show [B diagnostics for:

(11) Elm Elevation Max

(12) Elm Elevation Min

{13) Elm Outflow Min

(14) Elm Pool Elevation Target
(15) Elm Required Spill

=
2E®

BE®
Col Y

Select...

Show @) diagnostics for:

Show @ diagnostics for:

<NO OBJECTS=

<=NO SLOTS=

Select...

Select...

] Select OK in the Diagnostic Configuration.

L] Select Close in the Diagnostics Manager.

[ Rerun your model.

[LJ From the Run Control, select View, then Diagnostics Output.

24:00 Augus 5, 2018; RULE: (1) Bim Requined Spil

Expciting nule #15 [Bm Required Spil”, within grocp "Hm Buls™)

4:00 Augruet 5, 20182 RULE: (15) Eim Raguired Spd
2400 Auguest 5, 20187 RIULE: usjanmmndsm
24:00 Augeest 3, 2018; RULE: (15) Bim Required Spll

Assigamant intisted (tha lft-tand side is "5 “EIm. Regulsbed Spir [I7).
1 of successhial; will atbempt assigrerent: Bl Reguisted Splf August 5, 2018] = 400.00 oms.
mmmm

400 Augus 5, 2018 RALE: (14) Bim Pood Elvaton Ti | Exsuting nabe # 14 (Eim Pocd Ebeeton Targst”, vathin group TEim Rudes™)
24:00 August 5, 2018; RULE: {14) Eim Food Eleetion T§ | Assignment inisted (e beft-band side is *$ “Bm. Outfiow® (1.

24:00 August 5, 2018; RULE: [14) Eim Pool Elevetion Ti | Evak of

suicesshd; will atbempt assignerent: Bl Outflow] August 5, 2018] = 1,54 L.03 oma.

24:00 August 5, 2018; RULE: [14) iim Pool Elevetion T4 | The ruls Rnished

24:D0 August 5, 2018; RULE: (13) Eim Outfiow Min
24:00 August 5, 2018; RULE: (13) Eim Outflow Min
14:00 August 5, 2008; RULE: (1) Bm Outfiew MR
B4:00 August 5, 2018; RULE: (13) Eim Outflew Min
24:00 August 5, 2018; RULE: (1) Eim Elevabon Min
24:00 August 5, 2018; RULE; (12) Eim Elevetion Min
14:00 Auguit 5, 2018: RULE: (1) Eim Elevation Min
24:00 August 5, 2018; RULE: (12) Elm Elevabion Min
24:00 August 5, 2018; RULE: (11) Eim Elevation Max
B4100 Auge® 5, 2018 RULE: (11) im Ebevelson kax
24:00 August 5, 2018; RULE: (11) Eim Elrvation Max
24:00 August 5, 2018; RULE: (11 Eim Elevation Max

m
|| Exmuting nule #13 ("Eim Outflow Min®, within group “Elm Rules™)
| WWITH stabement evaluating with res = “Bm".
| Agmigamant intisted (tha left-hand s 8 T . wm

Evalusiion of the right-hand side of B & il sdab ied warly Tor the following reeses: Encoustired mvald value in the sans

Executing nule #12 ("Eim Elevabon Mir', m;mgmp-amm;l

| WITH satement evalusting with res = "Bm”,

Assigamant initioted (the lef-Rand side 8 T, "Outfiow” [T7).

| Evadustion of this right-hand side of the Assignmant stsbemant did not yisld & result for the fallowing resson: All condibiors of 56 IF EQOassion &

Executing nule #11 [MEim Elevation Max®, wathin group "Elm Fubes™)
WITH sinlemest evalubting with res = "Eim",
Assigamant infticted (the left-tand side is “res” . “Outfiow” [T,

| Evalustion of the nght-kand side of the Assignment statemant did not yiekd & result for the following ressonc All conditions of an IF expression w

RPL Debugging and Rule Diagnostics: July 2022 3-5

Copyright 2022, The Regents of the University of Colorado. No distribution or reproduction.



Messages are posted for each rule execution, starting with rule 15:
* Rule 15 sets Elm.Regulated Spill to 400cms.
¢ Rule 14 sets ElIm.Outflow to 1,541cms.

e Rule 13’s message says:

ETm outflow Min: Evaluation of the right-hand side of the Assignment
statement terminated early for the following reason: Encountered
invalid value in the series slot "Elm.outflow Min" at the date
24:00 August 5, 2018. This occurred at the following location

within the expression: "res" . "outflow min" [].

The key here is that the rule terminated early and it says the slot value that was invalid. In this
case it is: Elm.Outflow Min on Aug 5, 2018. We’ll follow up on this below.

* Rule 12 says it did not yield a result because the IF was FALSE and there was no ELSE.
* Rule 11 says it did not yield a result because the IF was FALSE and there was no ELSE.

You can see how useful these messages are. They say the exact result of the rule and if it didn’t
succeed, it gives the slots or logic indicating the reason it didn’t succeed.

Let’s continue the debugging exercise and fix the error.

[ Open the Elm object

[J Find the Outflow Min series slot and open it.

Bd Eim.Outflow Min - E'

File Edit View TimeStep /O . (@]

Outflow Min

Value: cms
Aug 5, 2018 |+ » @ AltUnits =/ |1
cms 2

08-03-2018 Fri 2,000,00 I O

08-04-2018 Sat  2,000.00 I 0
08-05-2018 Sun LA O

08-06-2018 Mon  2,000.00 I 0
08-07-2018 Tue  2,000.00 I 0
08-08-2018 Wed  2,000.00 I 0

As the diagnostic output printed, there is no value for August 5, 2018. Maybe the user missed
entering this value, or it was not imported from the database by a DMI.

[ Type 2000 in the cell for Aug 5, 2018.
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[ Run the model

(1 Verify in the plot and the diagnostics that now the EIm.Outflow is set to 2,000 cms on 8/5/2018.

3.4 Other Useful Diagnostic Categories

When debugging rules and RPL, the rule execution diagnostics are often the most useful, but
other useful diagnostic categories include:

* Dispatch Management — Controller
* Dispatch Management — Object
rd Rulebased Simulation D

Select All  Revert Clear

Show diagnostics for DB DB

- [] Run Management
4 [m] Dispatch Management
Controller 3]
Object [&]
[] slot
- [] Rule Management
[] Rule Execution
[ ] Function Execution
[ ] Hypothetical Simulation
[] Print Statements m B

[
HEE HEE
225

These two are useful if you want to know if and when an object solves after rules have set
values.

Note: Two other diagnostic categories, Function Execution and Print Statements,
were useful before the RPL Debugger was developed. These two can be used to
get detailed information when using functions and print statements. Now the
RPL Debugger is preferred for debugging.

3.5 Summary

In this tutorial, you saw how to use diagnostics to debug a rulebased simulation. In particular,
Rule Execution diagnostics show the result of the specified rules including the values set if
successful, missing or invalid values when terminating early, and the reason for a rule
finishing ineffectively.

Together with the RPL Debugger, diagnostics provide the tools necessary to debug complex
logic.
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4  Advanced RPL Debugging

4.1 Introduction and Preparation

This tutorial presents techniques for debugging more complex rules. In this tutorial you will
learn the following:

* How units are represented in the RPL debugger and how to change the display units.

* How to debug a rule with multiple statements.

* How to view LIST expressions in the RPL debugger.

* How to debug a function that calls a FOR expression.

The tutorial is part of the RPL Debugger and Diagnostics online tutorial. See the presentation
player for introductory and background information.

[LJ Open the Arbor Basin model provided:

[ ~\RiverWareTutorial\Models\ArborBasin_RPL_AdvancedDebug.mdl.gz
The RBS ruleset is saved in the model.

(1 Run the model.

It completes successfully.

4.2 Units in the RPL Debugger

In this section, we’ll show you how to change the display of units in the RPL debugger. This is
useful if you need more precision or want to see the values in some other display units. Let’s
run to a particular point and look at an expression.

[ On the Run Control, select the Pause Before Timestep option and make sure it says
November 28, 2018.

L] Run the model by selecting Start.

L] Once paused before November 28, enable the RPL debugger (View and then Show RPL
debugging button, click the button to enable).
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[ On the Run Control, Step into November 28.
The debugger pauses at a break point already configured at the end of Rule 24.
If you click on most expressions, it will say there is no value; the reservoir hasn’t solved so the
rule will terminate early.
[ In the debugger, select the Continue button.
It pauses again in rule 24. Now the reservoir has solved and this rule has re-executed. Values

are now shown.

1 Select the “greater than” expression:

24 Cedar Available for Diversion RFL Set Load

Cedar.Avaiable for Diversion []
= IF ( Cedar.Pool Elevation [ @"t" | 3 Cedar.Diversion Min Elevation [ ] ) THEN
Max {"-."LZ-'.JIHETL‘,-HD':'J Cedar.%;R_Tf.‘ [ @t-1" ] ']
- ElevationToStorage | Cedar , =
[Cedar.DWersian Min Elevation [ ] )

@"t"

+ Cedar.Inflow [ ]

- Cedar.Outflow Min [ ],

l{}.ﬂ[} "ems” J
ELSE
0.00 "ems”
END IF
=
The value evaluated to TRUE.
[L] Select each of the expressions on either side of the “greater than”.
e me m e
IF ( Cedar.Pool Elevation [@"t” :=- Cedar.Diversion Min Elevation [] ) THEN
Max {VOMW‘IETOHO‘.'—I f Ceda @'t - 1"
IF ( Cedar.Pool Elevation [ @"t" | > Cedar.Diversion Min Elevation s THEN
Max ’ VolumeT oFlow { Cedar.Storage [ @"t- 1"
Both expressions evaluated to 232.0 “m”, yet the entire comparison says that the left operand
it greater than the right operand.
Perhaps we need to see more precision on these values because the current Pool Elevation
could be just slightly above 232.0m?
The RPL Debugger uses the Unit type settings defined in the active Unit Scheme. Currently in
this model, all flows are shown in cms, elevations are m, etc.
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L] On the workspace, select Units and then Unit Scheme Manager.

L] Select the Length row.

L] Change the Precision from 1 to 3.

Unit Scheme: | » SI -

Unit Type / Exception Format Example
NONE 21.12
Flows 21.12 cms
Volume 21.12 MCM
Length 21.123 m
Area 21.12 ha

» Time 21.12 hr

~

Edit Selection

Scale: 1 v
Units: m v
Format: | Float v
Precision: |E %

[ In Rule 24, reselect the expression and notice that it is now 232.037m:

IF ( Cedar.Pool Elevation [ @"t" > Cedar.Diversion Min Elevation [ ] ) THEN
Max {h-folumeToFIm'; ( Cedar] 232.037 "m" Jt - 1"

[ Verify that the Diversion Min Elevation is 232.000m.

The “greater than” is correct, Cedar Pool Elevation[@t] is larger.

This shows how you can change the display units while debugging RPL expressions.
Remember that these settings include, Scale, Units, Format and Precision. You can change the
Unit type settings or even activate a new unit scheme to see values with different display units.

The following are some additional items to consider regarding units in the RPL Debugger:

* The RPL Debugger always uses the Unit type setting, for example, settings for FLOW or

VOLUME.

* Even if there are slot exceptions and you select that slot as the expression, the Unit type

rule 1s used.

* For monthly and annual values, the timestep is not known within the debugger. Monthly
values assume there are 31days in the month. Annual values assume 365 days in the year. It
can be a little confusing if you have a monthly model and are showing flows in a per month
unit, like acre-feet/month. The value shown may not look like the value that will be set on a

slot if that timestep has 28, 29, or 30 days in the month.

[1 In the debugger, select Continue twice to get out of the debugger.

To prepare for the next section perform the following:

[L] Delete all breakpoints - in the RPL Debugger select Breakpoints then Delete All

Breakpoints.

[ On the Run Control, disable the Pause Before Timestep.

RPL Debugging and Rule Diagnostics: July 2022
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1 Select Continue to complete the run.

4.3 Debugging a Rule with Multiple Statements

We will investigate two initialization rules. Remember, initialization rules are stored in a sepa-
rate set that is stored in the model file.

[ Open the Initialization set from the Policy and then Initialization Rules Set menu.

[J Open rule 4, Average RAW Gage Flows for Three Gages:

B B 4 Average RAW Gage Flows for Three Gages
Set Value Flag: Rules (R) v

FOR ( OBJECT gage IN i.ﬂr‘hur River Above Aspen , Balsam River , Gage Above Hickory tpo
FOR ( DATETIME date IN @"Start Tmestep” TO @"Finsh Tmestep” ) DO
WITH ( NUMERIC DaysToSmooth = gage . "Days Past to Smooth” [] DO
gage . "Gage Inflow” [date ] = # Average the slot from the first date through the second date.
AverageSiotOver Tmesteps [r_paqe . "Inflow RAW" , date - DaysToSmooth , date )
END WITH
END FOR
END FOR

This rule loops over three gages and then for each timestep in the run, sets the Gage Inflow to
the average of the RAW slot over the specified number of timesteps.

[ If not already enabled, Enable RPL Debugging as you learned in “1 Debugging a Rule”
[ Set a breakpoint at the end of the rule.

B B 4 Average RAW Gage Flows for Three Gages
Set Value Flag: Rules (R) -

FOR [DBJECT gage IN Eﬁ.rhur River Above Aspen , Balkam River , Gage Above Hickony E }DD
FOR ( DATETIME date IN @"Start Tmestep” TO @"Fnish Trmestep” ) DO
WITH [ NUMERIC DaysToSmooth = gage . "Days Past to Smooth” [] 1 DO
gage . "Gage Inflow™ [da:e] = # Average the siot from the first date through the second date.
AverageSkotOverTmesteps f gage . “Infiow RAW" , date - DaysToSmooth , date )

END WITH
END FOR
EMD FOR
[ ]

1 On the Run Control, select Init to step into the initialization ruleset.
Tip: The initialization rules are executed once at the very beginning of the
run. As a result, when debugging or using diagnostics, you only need to Init
to step through initialization and then you can stop the run.

The debugger is shown and paused at the breakpoint you just set.
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(1 Inthe rule, within the AverageSlotOverTimesteps function arguments, select gage, and notice
it says “Gage Above Hickory”.

R e e - - v —— e —_———— -

AverageSlotOverTimesteps ( gage . "Inflow RAW" , date - Days
gﬁi“Gage Above Hickory"

[L] Select date, and notice it shows “24:00 December 31, 2018”, the finish timestep.

gage . "Gage Inflow" [dat ] = # Average the slot from the fi
E\Riq:m December 31, 2018 s (¢

The rule has completely evaluated. When paused at this breakpoint, the values shown are from
the last evaluation. With this breakpoint, you can’t see the values for other timesteps in the list
or other gages.

How would you debug an issue on January 4, 2018 on Balsam River? To do this, we can set a
breakpoint before any Statement or after the last Statement. Let’s set that up.

(1 First, let's get out of this run. In the debugger, click the Stop button.

The diagnostics will say there was an “Error encountered,...” That just means the run was
stopped.

] Disable or delete your breakpoint at the end of the rule.

Using Breakpoints Within For Statements

[ Set a breakpoint on the FOR (DATETIME date... line as shown:

FOR ( OBJECT gage IN { Arbor River Above Aspen , Balsam River , Gage Above Hickory } ) DO
® FOR ( DATETIME date IN @"Start Timestep" TO @"Finish Timestep" ) DO
WITH ( NUMERIC DaysToSmooth = gage . "Days Past to Smooth" [] ) DO

[ In the Run Control, select Init to start the run.
It will pause at your breakpoint.

Although we can’t see it right now, the “gage” is “Arbor River Above Aspen”.

[ Inthe RPL Debugger, select the Continue button.
Now the gage should be Balsam River.

[ Inthe RPL Debugger, select Step twice to get to the assignment statement.

[ Verify the gage is Balsam River.
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FOR ( OBJECT gage IN § Arbor River Above Aspen , Balsam River , G
® FOR. { DATETIME date IN @"Start Timestep” TO @"Finish Times
WITH ( NUMERIC DaysToSmooth = gage . "Days Past to S
gage . "Gage Inflow" [date] = # AVEBalsam River" b
AverageSlotUver I imestep

Question: If you click the “date” on the left side of the assignment what do you
think it will say in the debugger?

Answer: You might think it is the Start Timestep, Jan 1, 2018, but since we are
paused before that expression, it hasn’t evaluated yet for this time
through the loop. Instead, it will say the last evaluation, 24:00
December 31, 2018, the finish timestep, from the loop for the first

gage.

[ Inthe RPL Debugger, select Step.

It evaluates the assignment statement and the date now shows 24:00 January 1, 2018 and
shows the values computed for that date for Balsam.

In this way, it is important to remember that the values shown are from the last evaluation.
When first learning how to debug, this may not be intuitive. As you practice using the
debugger, this will become second nature.

[ Inthe RPL Debugger, select Step four or five times until the “date” expression shows January
4, 2018.

Now we can see that the AverageSlotOverTimesteps evaluates to 50.63cms and averages the
Inflow RAW slot from Dec 28, 2017 to January 4, 2018. We did this by selecting each expres-

sion, for example:

AverageSlotOverTimesteps ( gage . "Inflow RAW" , date - DaysToSmooth , date )
4:00 December 28, 2017

We could also open the AverageSlotOverTimesteps and investigate it further.

Viewing items in a list
Before we get out of this run, let’s look at the debugger and how it displays lists.

L1 Select the TO operator between the Start Timestep and Finish Timestep.
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'FOR ( OBJECT gage IN { Arbor River Above Aspen , Balsam River , Gage Above Hickory } ) DO

FOR ( DATETIME date IN @"Start Timestep” T @"Finish Timestep" ) DO

WITH ( NUMERIC DaysToSmooth = gage . 1%24:00 January 1, 2018, 24:00 January 2, 2(
gage . "Gage Inflow" [ date | = # Averag 24 00 January 4, 2018, 24:00 January 5, 20:
.ﬂu.re:age‘ 24:00 January 7, 2018, 24:00 January 8, 20:

END WITH 24:00 January 10, 2018, 24:00 January 11, :
END EOR 24:00 January 13, 2018, 24:00 January 14, f
24:00 January 16, 2018, 24:00 January 17, :

Notice the tool tip shows a long list of dates that can be hard to read.

[ Look in the debugger and notice that this same list is presented in a nice collapsible list:

Value of Selected Expression

A{ E
24:00 January 1, 2018,
24:00 January 2, 2018,
24:00 January 3, 2018,
24:00 January 4, 2018,
24:00 January 5, 2018,
24:00 January 6, 2018,
24:00 January /7, 2018,

2400 Iannzan:e 8@ 2019 i

-

P

[ Collapse the list and see it in a one-line view. Also, experiment with the buttons to the right to
see the list in a flat view and use the magnifying glass button to pop out the view to a separate
dialog. This can be particularly useful for very large lists.

L] From the debugger, select the Stop button to end/abort the run. The error message is okay.

] Delete all of your breakpoints from the debugger (Breakpoints then Delete All Breakpoints).

Using Temporary Logic for Debugging

In the above sections, we set a breakpoint in a statement and then used the debugger to step to
the desired iteration in the loop. This worked fine for the sample problem with three gages
when we were interested in the 4th timestep, but what if there were 100 gages you and needed
to look at the 2,000th timestep. This would be very time consuming to step through.

Instead, consider using some temporary RPL logic to set up a place where you can place the
desired breakpoint. For our sample problem of debugging Balsam Gage on January 4, 2018,
we can write a new IF statement and add in a breakpoint before the assignment statement.
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FOR [ OBJECT gage IM | Arbor River Above Aspen , Bakam River , Gage Above Hidory } ) DO
FOR [ DATETIME date IN @"Start Tmestep™ TO @"Fnish Timestep® ) DO
WITH { NUMERIC DaysToSmooth = gage . "Days Past to Smooth™ [ ] ) DO
IF ( gage == Balkam River AND date == @"24:00:00 January 4, 2018 ) THEN
L ] gage . "Gage Inflow” [ date | = # Average the slot from the first date through the second date
AverageSiotOverTmesteps I: gage . "Inflow RAW" , date - DaysToSmooth , date )

ELSE
gage . "Gage Inflow” Edate—r] = # Average the slot from the first date through the second date.
AverageSlotOverTmesteps [ gage . "Inflow RAW" , date - DaysToSmooth , date )
END IF
END WITH
END FOR

END FOR

Note, both assignments--for the [F and ELSE clause--are the same so that the actual results do
not change. The only change is to add in a place to put the debugging breakpoint.

For the screenshot above, you would then step into the initialization rule and it would pause at
this breakpoint. Then Step to advance through the statement. Now you can see the exact values
that were computed for that object at that timestep.

If time allows, implement the above logic and see how it works.
[ Inthe debugger and/or the Run Control, select Stop to end the run.

] Delete all of your breakpoints from the debugger.

4.4 Debugging a FOR Expression

In the previous exercise, we put breakpoints within a FOR statement. Similar techniques can
be used for IF and WITH statements. Remember that statements are only at the rule level. The
other looping mechanisms in RPL are FOR, WITH, and WHILE expressions. What if you
need to debug inside of a FOR expression? This section will provide techniques for looking at
the results and debugging within FOR expressions.

[1 In the initialization rules set, open rule 3, Smooth RAW Gage Flows for Cherry.

This rule is similar to rule 4, but uses a different smoothing technique involving coefficients to
adjust Cherry’s RAW data into the desired inflows.
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B @ 3 Smooth RAW Gage Flows for Cherry
Set Value Flag: Rules (R) v

FOR ( OBJECT gage IN { Cherry River } ) DO
FOR [ DATETIME date IN @"Start Timestep" TO @"Finish Timestep" ) DO
WITH ( NUMERIC DaysToSmooth = gage . "Days Past to Smooth” [ ] ) DO
gage . "Gage Inflow" [ date ] = # Use coefficients to smooth the flows based on the
# current and previous N values.
SmoothUsingCoeffs | gage . "Inflow RAW" ,
date - DaysToSmooth ,
date ,
Cherry River.Smoothing Coeffs
END WITH
END FOR
END FOR

(1 Double-click the SmoothUsingCoeffs function to open it:

B B SmoothUsingCoeffs
Arguments: SLOT slot, DATETIME FirstDate, DATETIME LastDate, SLOT coeffTable %  Return Type: NUMERIC

WITH LIST DatesAndFlows = # Buld up a kst of flows and dates.
FOR ( DATETIME date IN FrstDate TO LastDate ) WITH LIST resuk = {} DO DO
resuk = APPEND [ slot [ date |, %DNTO result
date
EMD FOR
WITH LIST ListOfFlowsSortedReverseDate = # Sort by reverse date order.
SortParsDescending ( DatesAndFlows ) DO
# Loop through the rows of the coeffs table

FOR | NUMERIC counter IN Getiumbers [ 0,00 , WITH NUMERIC resuk = 0.00 "cfs™ DO
MumRows ( coeffTable } - 1.00,
1.00

resuk = & sum previous amount and coeff tmes flow value
result + coeffTable [munrer, ] * ListOfFlowsSortedReverseDate { counter
0
EMD FOR
EMND WITH
END WITH

This function builds a list of dates and flows and then loops over the number of coefficients,
multiplying the coefficient by the flow value at a particular date and adding it to the result.

[ With the debugger enabled (but not within a run), try to set a breakpoint within the FOR
expression in the middle of the function. Notice, it only adds the breakpoint at the beginning of
the function. Alternatively, you can put a breakpoint at the end of the function.

RPL Debugging and Rule Diagnostics: July 2022 4-9
Copyright 2022, The Regents of the University of Colorado. No distribution or reproduction.



@

This is an important item to remember in the debugger. Breakpoints and pausing can
only occur before or after functions and statements. The debugger will not break or
pause within a function body.

On the run control, select Init to step into the initialization set and pause at the beginning of
the SmoothUsingCoeffs function.

There are no values in the debugger yet as the expression has not evaluated.
Set a breakpoint at the end of the function if you do not already have one.

In the debugger, Step to the end of the function.
Now you can explore the results of the function.
It was called on January 1, 2018 and returned 20.18cms as shown below.
result = # sum previous amount and coeff times flow value
result + coeffTable [ counter , | * ListOfFlowsSortedReverseDate { counter )

[E 20.19 "cms"

END FOR
END WITH

END WITH

U

Explore other results and see how this function behaves.

Continue twice and look at the next call to the function. You could keep doing this for all the
dates it is called from the Initialization Rule 3.

Now, let’s focus on the main goal for this section, to verify the FOR expression calculation
inside the function.

From the debugger, select the Stop button to end/abort the run. The error message is okay.

Delete the breakpoint at the end of the SmoothUsingCoeffs function.

To debug inside of a FOR expression, we need to call a function in which we can put a break-
point. Since we don’t have one in the SmoothUsingCoeffs function, we will need to put in a
dummy or temporary debugging function. Let’s edit our function.

First, select the “+” expression:

result + coeffTable [cnunter , ‘ * | istOfFlowsSortedReverseDate { counter )
0

Copy the expression using Ctrl+C.
Open the RPL Palette using Alt+P or the Function and then Palette menu.

Switch to the User-Defined Functions tab.
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L] Double-click the DebugFunctionNUMERIC function.

[L] Select the <numeric expr> and paste using Ctrl+V. It should now look like this

resuk = # sum previous amount and coeff times flow value
DebugFunctionNUMERIC I|’ resuk + coeffTable [ counter , | * ListOfFlowsSortedReverseDate { counter )
\ 0

[ Open the DebugFunctionNUMERIC and verify it returns the numeric passed into it.

Now we can debug the SmoothUsingCoeffs function.

[ On the Run Control, select Init to start the run.

It will pause in the SmoothUsingCoeffs for January 1.

[L] Select Continue in the debugger three more times to step to January 4. (You can verify this
date by clicking on date in rule 3).

[ Add a breakpoint to the DebugFunctionNUMERIC after the body:

[E] DebugFunctionNUMERIC
Arguments: NUMERIC value

value

1 Inthe debugger, select Continue and it should go to that breakpoint in
DebugFunctionNUMERIC.

Now we are paused in the first loop of the FOR expression.

[ Go to the SmoothUsingCoeffs function and verify that counter is 0.0. (Indices are zero-based
for table lookups)

resut = # sum previous amount and coeff tmes flow value
DebugFunctionNUMERIC ( resuk + coeffTable ccu.ﬁt_f:r . | * ListOfFlowsSortedReverseDate { counter ) 1||
\ 0 "¢ 0.00000000 | /

L] Explore the values for the three components that make up the result: result (0.0cms),
coeffTable[0,0] = 0.5, and the flow value (21.04cms).

L] When satisfied, in the debugger, select continue and repeat the investigation for iteration
counter 1, 2, and 3. There are four rows in the table: 0, 1, 2, and 3.

In this way, we can use a function to debug inside of a FOR expression. In our case, we didn’t
have one in there already, so we added a temporary debugging function. This same process can
be used for WITH and WHILE expressions.

L] From the debugger, select the Stop button to end/abort the run. The error message is okay.
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1 If you want, in the SmoothUsingCoeffs, undo the changes to remove the debugging function. It
is okay to leave it if you want, but it does clutter up the logic.

4.5 Summary
This tutorial presented techniques for debugging more complex rules. In this tutorial you
performed the following:
* Learned how to debug a rule with multiple statements, especially FOR statements.
* Learned how to debug a function that calls a FOR expression.

In the process, you also learned how to look at items in a LIST in the RPL debugger, learned
how to use a debug function and other debug logic, and gained additional experience using the
RPL debugger. Hopefully this provides a solid foundation of techniques that you can use to
debug your RPL logic.

4-12 RPL Debugging and Rule Diagnostics: July 2022
Copyright 2022, The Regents of the University of Colorado. No distribution or reproduction.



	RPL Debugging and Rule Diagnostics
	1 Debugging a Rule
	1.1 Introduction and Preparation
	1.2 Using the RPL Debugger
	1.3 Summary

	2 Debugging a RPL Error
	2.1 Introduction and Preparation
	2.2 Enable the Debugger and Run
	2.3 Summary

	3 Using Diagnostics for Rule Debugging
	3.1 Introduction and Preparation
	3.2 Analyzing Results
	3.3 Using Diagnostics to Debug Rule Execution
	3.4 Other Useful Diagnostic Categories
	3.5 Summary

	4 Advanced RPL Debugging
	4.1 Introduction and Preparation
	4.2 Units in the RPL Debugger
	4.3 Debugging a Rule with Multiple Statements
	Using Breakpoints Within For Statements
	Viewing items in a list
	Using Temporary Logic for Debugging

	4.4 Debugging a FOR Expression
	4.5 Summary




