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BQL Expression component

BQL Expression component (Expr), found in the Util folder of the kitControl palette, is a multi-purpose
wire sheet object for mathematical and logical operations that augments the existing math and logic
components already present in the kitControl palette.

Expr can reduce the number of component instances in your station by allowing you to quickly and easily
create simple logic and math statements. You do not need Java programming knowledge, a Program
component, or even multiple standard components to do this. Expr does not require compilation.

Note: This component is available in a station running on a AX-3.6 and later host.
These sections describe the component and how to use it:
+  “Component features” on page 1
+  “What the component is not” on page 2
+  “Syntax” on page 2
+  “Supported operators” on page 2
+  “Commas” on page 3
+  “Long statements” on page 3
+  “Create a BQL Expression component” on page 3
+  “Mathematical expressions” on page 4
+  “Logical expressions” on page 5
+  “Component instances” on page 5
+  “More examples” on page 5
+  “Handling null” on page 8
+  “Troubleshooting” on page 9
+  “Frequently-asked questions” on page 9
+  “Document change log” on page 9
Component features
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BQL Expression component supports:

+  Math and logic operators

+  Multiple expressions (delimited by commas) within a single component

+  Dynamically-created Expr inputs and output(s) based on the expression(s)

+  Automatic link conversion between different data types, for example, Double to StatusNumeric

When configuring the component, you specify all of its input slots to “Execute On Change’, such that the
Expr executes upon any input change. However, the component also allows you to override this behavior
by specifying a time delay between executions. This can be useful to minimize the effects of rapidly
changing inputs. Other properties provide status and fault cause information.

In addition to the blank Expr component found in the Util folder of the kitControl palette, two example
Expr components: ExprLogic (in the Logic folder), and ExprMath (in the Math folder) each use a single
BQL expression to demonstrate how the component works.
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What the component is not
BQL Expression component is not:

+  Areplacement for the Program component. BQL Expression component does not support //re-
marks and //comments.

+  Areplacement for other BQL statement containers that manipulate data.

+  Capable of manipulating data through stored variables.

+  Capable of line-by-line programming.

+  Capable of handling time functions.

If your requirements exceed what can be achieved using a BQL Expression component, there may come

a point when you have to consider using a Program component.

Syntax
The standard syntax for an expression is as follows:
input operator ‘output’
where:

input is the name of one or more slots.
operator is a word or symbol.

output’ is the slot that contains the result of the expression. (note apostrophes around slot name)

Supported operators
As Expr uses BQL, all the standard BQL expression syntax is available. For more information on BQL
expressions, see the NiagaraAX Developer Guide.

Operators are processed by their precedence, that is “order of operation’, from first (1) to last (6).

1. ! not,-
logical not, numeric negation
2. %,/
multiplication, division
3. +,-
addition, subtraction
4. =15, 5, >=, <<=, like
comparisons
5. and,or

logical operators
6. as

result operator

You may use parentheses to override the normal precedence as illustrated in the following examples.

Figure 1  Achange in precedence

1+ inl * in2 as "outl'

(1 + inl) * inZ as "oucl'
I ) Expe

D) Expr

BRel !
4 Ol | O okl 500.00

40 | gm
U

In the first expression, multiplication precedes addition. Adding the parentheses changes the precedence
so that addition precedes multiplication.

NiagaraAX'3'6
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Create a BQL Expression component
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Note:

Commas

Commas

If creating a Expr component with multiple expressions (output slots), use a comma to delimit expression
statements from one another.

Figure2  Example of commas

N [ R LA 1= =] | i M AL i L P E—

inl and inZ and in3 and ind as 'outl',
inl or in3 as 'out2'

SR L R r—y _‘.‘ﬂw
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Long statements
When entering an expression, keep typing or enter a CR/LF to wrap a long statement.

Figure3  Example of a CR/LF

R e o L e PP P
inl and inZ and in3 and ind and inS and iné

and in?7 and inf and in% and inl0 and inll and

inlZ and inl3 and inl4 and inl5 and inlé as 'outl',
inl or in3 as 'outl’

L

A N,

A Aottt ain o A sl i dmms e g auabivhs s guthen g,

The example above consists of two expression statements: the first requires three lines; the second
requires only a few characters.

Outputs require surrounding apostrophes; inputs do not.

Create a BQL Expression component
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Step 1

Step 2

Step 3

Note:

To create a BQL Expression component

Design your expression. This step answers the question, “What does Expr need to do?”

For example, say you wish to create a logic component with four Boolean inputs and two Boolean
outputs. One output is an AND function on all inputs, the other output is an OR function on just two of
the inputs.

Drag an Expr from the kitControl palette onto your wire sheet and give it a name.

Figure4  kitControl components with BQL Expression (Expr) highlighted
& 00

B T B

Using the slot sheet view of the component, add four Boolean inputs and two Boolean outputs to the Expr
and give them appropriate and unique names.

When adding input slots, set (check) the Execute On Change flag for each one.

Figure5  Newslots (outl, out2,inl,in2,in3, in4)

T dsTTT T s T game " BeCoersonLnk
13 ol outl Crynamic s biarja: Boolaan
14 oz g Drynamic rs bajaiBoclsan
iI5 inl inl Dynarmic sl baja;Boclean
16 inZ n2 Drynamic sal barja: Bonksan
17 in% n3 Crynamic sl baja:Bookaan
18 ind i Drynamic E baja: Bonkaan
.._hf"ﬂ-&...ﬂl-ﬁq——n ....mﬁ__‘ru-.d‘i e
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Mathematical expressions

Step 4

Step 5

Step 6

Step 7
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Using the property sheet view, configure any execution delay.
The expression will run after this delay, which is useful to throttle rapidly changing properties used as
inputs.

Continuing on the property sheet, enter the BQL statements in the Expr field.

Figure6  Example expression statements
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inl and in2 and in3 and ind as 'outl',
inl or in3 as 'outi'
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All other properties are assumed to be dynamic properties and can be added or removed on the Expr slot
sheet.

Click Save, then the & “Up Level” menu bar icon to return to the parent wire sheet. The new Expr
component is visible, but without any “pinned” slots for inputs and outputs.

Although optional, you can pin slots before linking, by right-clicking the component and selecting = Pin
Slots. This can speed up linking, as otherwise the popup Link dialog appears if linking to unpinned
slots. You can also use the right-click Reorder option to change the top-to-bottom positioning of slots.

Using the wire sheet view, make links to the slots and test your logic.

Figure7  Example of an expected result

ol PR L e

The figure above shows all slots of this example Expr component linked.

Mathematical expressions

At the heart of Expr is a BQL expression that processes inputs and outputs. You have, for example, a
component with three properties: inA, inB and outAdd. To add the two inputs together you would use
this expression:

inA + InB as “outAdd’
In mathematical terms, this means:
inA + InB = outAdd

In the example, INA and 1NB must use the executeOnChange slot flags. When inA or inB change,
Expr executes and updates outAdd.

Expr is not restricted to a limited number of properties. You can add and remove properties via Expr’s
slot sheet. For example, using the above, we could add another two properties called outMul t and inC.
The expression would now read:

inA + InB as “outAdd”’,

inA * inB * inC as “outMult’

The comma at the end of the first expression indicates that another expression follows. Use the comma
to create multiple expressions that update multiple outputs.

NiagaraAX'3'6
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Create a BQL Expression component

April 4,2011 Logical expressions
Logical expressions
In the following example, two Boolean properties use an AND gate to output a Boolean value.
inBoolA and inBoolB is “out”
Again, the iInBool A and inBoo I B must use the executeOnChange slot flag.

Note: From Niagara 3.6 onwards, linking slots with different data types automatically inserts a conversion link
between the two. For example, you may link a StatusNumeric property to a Double property. For
more information, see the Engineering Notes document NiagaraAX Conversion Links.
Component instances
The kitControl palette contains multiple instances of the BQL Expression component with different
default configurations.

+  Util folder
A blank Expr is its default state.

+  Logic folder
Provides Expr with four Boolean inputs and one Boolean output. By default, all inputs are joined us-
ing AND.

+  Math folder
Provides Expr with four Double inputs and one Doub e output. By default, all inputs are mathe-
matically added together.

Note: Any of these components can be modified by adding and removing properties using the slot sheet.
More examples
+  Two inputs, logical AND

[ AND 2 (Bol Expr Component)
4 O Sets
I O Fouk Conse [
- © ExeationDelay  [00000n 00a 00. 0002 [ome - +i)
inA and in® as ‘out’
O Epr
Som
| &8
1O ot
+  Not two inputs
O WAND 2 (Bgl Expr Component)
1O statis
| (Ch Fauk Cause [
| © Exeation Delay (s - 4]
not [ink and inB) as ‘out'
- O Expr
JOm
Low
4 Qo
NiagaraAX'3‘6
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+  Two-input addition
[ ADD (Bq) Expr Component)
- O Satus
21 (D) Fault Cause I
1 © Execution Delay [Oms - 44
inl + in2 a5 ‘outl’
D Expr
10D outl 123. 00
40m
Jon
+ Divider (two Double) properties
[ DIVIDE (Bg) Expe Component)
1 O Fatus e
| ) Faul Causs [
-1 Q ExeatxnDelsy  [00000n 00a 00.000s]F] foms - +inf)
inl / inZ as ‘outl®
Q) Expr
4 Qow
Jom
Q2
+  Subtraction
[ SLETRACT (Bgl Expr Component)
O e
1 ) Fault Cause [
4 © ExscutionDelay 00000k 00w 00. 000:]f foms - 4]
inl - inZ as ‘oucl'
I O Expr
4 O ol
L O
4 Owe
NiagaraAX'3'6
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«  Expression mixture

[J MIx 1 {Eql Expr Component)
I Stabus

'ﬂ

1 () Fault Causs

-4 © ExeasionDelsy (000000 00m 00.000a]F [oms - +)

inA and in® as ‘outl®,
in¥X + in¥ as 'outd'

I Q) Expe
Qi
4 On
- O oz
J QA [Otrwe [=]
4 Qe [© fase ||
O okl O fase

+  Greater and less than expressions

More examples

[C] GREATER OR LESS THAM (Bql Expr Component)
D) Rabhe

_I 2 Fauk Cause

2 O ExecutionDeley 00000k 00m_00. 0003]F] [0ms - 40F)

inl <10 a5 'outl',
inl »>10 as 'ouc2"

[ GREATER OR LESS THAN (Bal Expr Componsnt)
2 O Stakus

| O Fauk Cause

_I ) Execution Dolay

[coooon oos 00 00o=fF [oes - +44]

inl <10 a= "outl',
inl »>10 as "gut2’

0 B O Exr

SO S Qan

4 Qi 1 Qi

4 O JOnz

4O oz 1 O ouz O falee

T Pregursy o LNk T e e 7 e = DRaMT s o G DNErSIGNTIAR
) Property 9 inl in1 Drynamic sxl baja:Double
O Property 10 in2 inz Dynarmic [ baja:Double

"Cl Property 11 ookl oukl [rynamic rs baja:Double

({7 Property 12 outZ? oukZ Dynamic rs baja:Boolean

i, SRR T S S e Y i T

The examples above each result in two outputs.
The last column on the right indicates that the two outputs are different slot types (Double and Bool-

ean). This is legal.
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More examples April 4,2011
+  Using the “like” expression
[ LE (Bgl Expr Component) ] LIKEL (Bol Expr Component)
| © s | © ots
| Q) Fault Cause | | ) Fauk Cause I
4 © ExecuionDebey  [000005 00m 00 0003]F [0ms - +¥] | © ExectionDelsy  [000008 00n 00.000s]F] (oms - i)
iml like "Hello world' sz "oucl® inl like 'Hello world' as 'outl'

Handling null

| ) Expr | ) Expr
| Q okl | O outl
| Qo [Ee120 woria [ 1| = it [Beilo worid

i,

e

T i e = e
T et T T
LIKE ol =
StringWritable! Byl Expr Component
String ritable outl 1.00
Ot Hello world Jokb inl Hellz world
In il - Jrull:
Inie - fnullk
T VR B mr“*‘---

+  Multiply four Double properties
inA * inB * inC * inD as “out”

+  Multiply two BStatusNumeric properties to a Double output property.
inA_.value * inB.value as “out”

+ Negate a Double input property (if inA is 5, out becomes -5)
-inA as “out’

This section describes expression handling of a “null” input from a linked status type output.

Figure 8  The result of a math expression with any null (or nan) input can be nan

[ MLl (Bgl Expr Component)

1 ) Stakus [{ok} |
_I ) Fault Cause [
) ) Exection Delsy  [00000h 00w 00. 000s|f [0ms - +inf]

inl * inZ as 'outl'
{ NULL1 ]
_ , Bql Expr C a
- O Expr i [Numerichiritable g outl nan|
L | Murveric Writable in 400 '
{ [ow - B bF nan| 4
i [0 = drully]
,;» Inlg = fimuill} j
| ©) outl h]m P PR T TR S

Jom
Jow

In a math expression, if a Double or Float input slot is linked to a source StatusNumeric output with a
“null” value, the input is evaluated as “nan” (not a number). If the expression has a Double or Float slot as
output, the result is also nan, as shown in Figure 8. This also occurs if such an input has a nan.

Note if the input slot is an Integer or Long type, the expression ignores the null value—the last valid value
is used (or if nan input, is processed as value 0). The output is some number. If an input slot is a Status-
Numeric (requires expression syntax inputSlotName.value), a null input is seen but not processed.

In a logic expression, if a Boolean input slot is linked to a source BooleanNumeric output with a “null”
value, the null is ignored by the expression—the last valid value is used. If the input slot is a StatusBoolean
type (again, syntax inputSlotName.value is required), the null is seen but not processed.

The Expr component utilizes the automatic “conversion links” feature introduced in AX-3.6, such that
“link from” behavior between dissimilar data types is followed. For more information, see the Engineering
Notes document NiagaraAX Conversion Links.

NiagaraAX'3‘6
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In general, if creating an Expr component for use in control logic that may have one or more “null” inputs,
it is recommended that you test it to verify the desired behavior.

Note: Starting in AX-3.6, changes were also made to the various “status value to simple value” kitControl
Conversion components, to allow the option of specifying an output value when the status input is null. If
needed, you may wish to use one or more of these components “upstream” of the Expr component. For more
details, refer to the NiagaraAX kitControl Guide section “Status value to simple value’.

Troubleshooting
If you enter the wrong syntax, or Expr recognizes that you are trying something illegal, it displays status
and fault cause information.

Figure9  Example of a fault

LI () Status |{fault, stale}

L1 (O Fauk Cause |javex.baja. sys. TypeException: outl is type query:Null, but p|

1 © Execution Delay  [00000h _00n 00. 000 [Oms - +inF]

|1nJ. InZ end in3 and in4d as 'outl',
m: t,Z'
S AR, PR Y S RRPEIE R S .

The information fields have the following meanings:

+  Status
Reports problems with the expression. The expression may be invalid or one of the properties it ref-
erences may not exist.

+  Fault Cause
Gives a verbal description of expression errors.

After correcting the fault, click Save to restart the Expr.

Note: No compilation is required.

Frequently-asked questions

Q: How many inputs and outputs does Expr allow?

A: Expr supports as many inputs and outputs as you need. Two specific instances of Expr, located in the
Logic and Math folders, each support four inputs and a single output.

Q: Does an Expr need to be compiled before it can be used on a wire sheet?
A: No, if you make a change, click Save. No compilation is required.

Q: Can I create more than one expression per component?

A: Yes. You may create as many expressions as you need, delimited by commas.
Q: Can I put comments into an Expr?

A: No. Comments are not allowed in a BQL Expression component.

Q: Can I used stored variables in an Expr?

A: No. To store variables, use a Program component.

Q: Can Expr handle time functions?

A: No. Time functions require a Program component.

Q: What types of operations does the Expr support?

A: The Expr supports math and logic operators.

Document change log
Updates (changes/additions) to this BQL Expression component document are listed below.

. Publication: April 4, 2011
Initial document.

NiagaraAX'3'6
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